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I.—The Relation Between Unsaturation and Optical 


Actwity. Part I. The Menthyl and Bornyl Esters 
of B-Phenylpropionic, Cinnamic, and Phenyl- 
propiolic Acids. 


By Tuomas Percy Hitpitcu. 


THE connexion between the degree of unsaturation and the rotatory 
power of an optically active compound was studied in detail by Walden 
(Zeitsch. physikal. Chem., 1896, 20, 569), who noticed that Guye’s 
hypothesis that the rotation of a compound depends on the masses of 
the groups surrounding the asymmetric carbon atom does not account 
for the great alteration in activity which, as a general rule, accompanies 
ring-formation. He was consequently led to investigate the effect 
of changes in constitution on rotatory power, and commenced by 
taking the case in which change of constitution was associated with a 
minimum alteration of molecular weight, that is, the change from a 
saturated to an ethylenic, and from the latter to an acetylenic linking. 
From a comparison of the rotatory powers of a series of /-amyl esters 
of six pairs of corresponding saturated and ethylenic mono-, di-, and 
tri-basic aliphatic acids, it was found that the unsaturated ester 
possessed in all cases a slightly greater rotation than the saturated 
compound, although in no case was the rotation large. Again, with 
VOL, XCIII, B 


2 HILDITCH : ''HE RELATION BETWEEN 


the 7-amy! esters of 8-phenylpropionic acid, cinnamic acid, and phenyl- 
propiolic acid, the following figures were obtained : 


[a]. [MJ 
B-Phenylpropionic ester ... CyH;*CH,"CH,*CO,°C,H,, +2°26° +4°98° 
Cinnamic ester ............... CgH;*CH:CH°CO,°C,H,, 7°51 16°36 
Phenylpropiolic ester ...... CgH;*C}C°CO,.°C;H,, 5°58 12°05 

The results for diamyl succinate, fumarate, and acetylenedicarboxyl- 
ate were of a similar nature, although actual figures for the last ester 
were not given, as it was not obtained quite pure. 

From the above facts, Walden deduced that when a single bond is 
converted into a double one by the loss of two hydrogen atoms, the 
molecular rotatory power of the substance is increased; but that a 
further change to a triple bond diminishes it, although it does not 
cause it to fall so low as that of the fully saturated compound. 
Lately, however (Zeitsch. physikal. Chem., 1906, 55, 1), he has stated 
that the /-amy! alcohol used in the preparation of the esters was not 
optically pure, but that this does not affect the value of his results 
for purposes of comparison. It appeared desirable, in view of this 
and also of the fact that certain isolated observations have been made 
which do not bear out Walden’s rule, to obtain more comprehensive 
data on the subject, and the author has therefore studied the menthy]l 
and bornyl esters of the same series of acids. In the present paper, 
the results obtained with the menthyl and bornyl esters of 8-phenyl- 
propionic, cinnamic, and phenylpropiolic acids are described, and it 
may be said that these do not give unqualified confirmation to 
Walden’s generalisation. 

Before giving a detailed account of these experiments, it will be 
useful to refer to examples of the change of rotatory power accom- 
panying this change of constitution, which have been observed since 
Walden published his results. 

Tschugaeff (Ber., 1898, 31, 360, 1775) has measured the rotations 
of a large series of menthyl and bornyl esters of fatty acids in order 
to determine whether optical activity is influenced more by the mass 
or the constitution of the optically active molecule ; from his results, 
together with similar data on homologous series of various optically 
active esters, ethers, acylamines, &c., compiled by Guye and Chavanne 
(Compt. rend., 1895, 120, 452), Frankland and MacGregor (Trans., 
1893, 63, 511, 1410), Frankland (Trans., 1899, 75, 347), and others, 
he concluded that the molecular rotation in an homologous series 
increases to an approximately constant value on ascending the series. 
He found that this rule does not hold if an aromatic group is present 
in the molecule, unless the aromatic group is situated at some distance 
from the asymmetric carbon atom. The following numbers show this 
clearly : 
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[M]p. 
Menthyl benzoate C.H;"CO,"C,9H jg — 236°3° 
+»  Phenylacetate CeH;"CH,"CO,'C, Hj, 190°7 

9 8-phenylpropionate . C,H;°CH,"CH,"CO,"C),Hjg + 161°9 


The average value of the molecular rotation fora menthyl fatty acid 
ester is — 157°8°. Hence the phenyl group, when in close proximity 
to the optically active part of the molecule, exercises a disturbing 
influence on the latter, but the variation depends entirely on the 
relative position of the aromatic group, and almost disappears if the 
group in question is not in the immediate neighbourhood of the 
asymmetric carbon atom. 

The same author (J. Russ. Phys. Chem. Soc., 1902, 34, 606) prepared 
menthy! £-phenylpropionate and cinnamate, and found a large increase 
of rotation for the latter, thus: 


Menthy] B-phenylpropionate 
$9 cinnamate 


The latter result, however, is not confirmed by the present work, as 
will be shown later. 

Haller and Desfontaines (Compt. rend., 1903, 136, 1613) have 
mentioned that, cane ethyl 4-methyl-1-n-propyl-2-cyclopentanone-2- 
carboxylate, i CH aie — has a specific rotation 
[a |p +51°8°, the corresponding ethyl 4-methy]-1-allyl-2-cyclopentanone- 
2-carboxylate possesses a higher value, namely, [a], +62°54°, whilst 
Klages and Sautter (Ber., 1904, 37, 649) found that the specific 
rotation of a-phenyl-y-methylpentane, CH,Ph:CH,-CHMeEt, was 
+ 17°2°, whereas that of a-phenyl-y-methyl-A*-pentene was + 43°. 

Finally, Minguin (Compt. rend., 1905, 140, 946), in discussing the 
influence of the ethylenic linking in an active molecule, has decided 
that an increase in unsaturation is accompanied by an increase in 
optical activity from a consideration of the following figures : 


Amy] succinate Bornyl succinate 
fumarate »» fumarate 

so Dubyrate........ 9 butyrate ..,... 
3» crotonate ...... >»  crotonate .. 


” 


He explains the small difference in the rotation of the correspond- 
ing borny] esters as being due to the fact that these were measured in 
solution, whereas the amyl compounds were measured in the liquid 
state. The rotations themselves are certainly very small, but the 
minute increase surely cannot be safely ascribed to the influence of the 
solvent, for it is an almost invariable rule that solution in an inactive 
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non-associating solvent has little effect on the rotatory power. Two 


samples of this may be given from the present work : 
5% solution in 
In fused state. chloroform. 
Rotation of [a]p. [a]. 
7-Menthol — 49°88° (Biltz). — 48°40° 
l-Menthyl 8-phenylpropionate... — 56°21 (Tschugaeff). — 57°90 


In the first case, the rotatory power is slightly decreased in solution ; 
in the second, it is increased, but in both instances the change does 
not materially affect the magnitude of the optical activity. 


EXPERIMENTAL. 


It was decided to use menthyl and bornyl esters for the purposes of 
this investigation, since derivatives of these alcohols possess, in general, 
a fairly large rotation, and, in addition, are easily obtained in a pure 
state. The esters were prepared by either of two methods: 

(1) The acid was treated with excess of thionyl chloride and heated 
to 100°; the resulting acid chloride, which was practically pure (and 
was not contaminated by inorganic impurities as would have been the 
case if phosphorus pentachloride had been used), was then mixed with 
a slight excess of the alcohol and heated at 120° until the evolution 
of hydrogen chloride ceased. 

(2) The alcohol and acid, the former usually in slight excess, were 
heated in a stream of hydrogen chloride at 130—140° for some hours. 

After elimination of traces of acid by dilute alkali, the esters were 
purified by distillation under reduced pressure. The high temperature 
of distillation appeared to have little effect on the rotation, and it was 
found that practically no decomposition of the compounds occurred 
under these conditions, except in the case of the esters of phenyl- 
propiolic acid. The purity of each of the compounds was checked by 
analysis and by measurement of the rotation of the menthol recovered 
from the esters by hydrolysis. 

The specific gravities were measured in an Ostwald-Sprengel pykno- 
meter maintained at constant temperature (17°), or, in the case of the 
solid esters, filled as near the melting point as possible; the values 
obtained were referred to water at 4°. The refractive indices of the esters 
in the liquid or superfused state were also observed by means of an 
Abbé refractometer, and it may be mentioned as indicative of the 
degree of purity of the specimens used, that in the case of those solid 
at the ordinary temperature it was exceedingly difficult to maintain 
them in the superfused condition more than a degree or two below 
their melting points. 

As several experimental difficulties stood in the way of determining 
the specific rotations of the esters themselves, it was decided to 
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examine them in solution. In order to be sure that the solvent 
exerted no disturbing effect, the rotations were measured in both of 
two chemically dissimilar solvents, chloroform and acetone, and in both 
cases the measurements were carried out at three different concen- 
trations of the dissolved ester. The polariscope tube was surrounded 
by a metal jacket through which a current of cold water was passed 
at a regular rate; the temperature of each observation was noted, 
and varied between the extreme values of 20° and 22° for the whole 
series of experiments; a 2-dem. tube was used throughout. The 
numbers given in the following tables show that, in general, the 
rotatory power varies very slightly with the solvent, and in a corre- 
sponding manner for all the substances on dilution, so that com- 
parisons between the optical rotatory powers of the various esters may 
be legitimately deduced from them, since it is obvious from the 
regular variation of the rotation with dilution that no association of 


the molecules of any of the esters occurs. 


Menthyl B-Phenyipropionate, C,H,-CH,*CH,°CO,°C,,H,,. 


Eight grams of B-phenylpropionic acid were heated on the water- 
bath with excess of thionyl chloride until no more hydrogen chloride 
was evolved, and the mixture was then treated with a slight excess of 
menthol and heated to 120° for some time. The product was shaken 
with dilute sodium carbonate solution, extracted with ether, dried, 
and, after removal of the ether, fractionated in a vacuum. The 
fraction boiling from 208° to 215° was collected, and it solidified on 
cooling in a freezing mixture. 

The rotation of this ester in the superfused state and also its 
density have been determined by Tschugaeff (loc. cit.), who, however, 
gives no further description of its properties. It is a waxy solid, 
crystallising in short prisms, which melt at 28° to a colourless liquid 
boiling at 210—212° (25 mm.). Its specific gravity at its fusion 
point is d 28°/4°=0°9836 (0°9851: Tschugaeff), and its refractive 
index ni?’ = 1'5004 : 

0°1376 gave 0°3975 CO, and 0°1252 H,O. C=78-77 ; H=10°11. 

C,,H,,0, requires © = 79°17 ; H = 9°72 per cent. 


The following table gives the measurements obtained for the rotatory 
power of this substance : 


Percentage Solution in chloroform. Solution in acetone. 
concen- - a, 2 — ~ 
tration. Temp. = a. [a]>. [M], Temp. a. [a]p. [M]p. 
10 20° -11°91 -59°55 -171°5 21° -—11'°29 -56°45 -162°6 
5 20 5°93 59°30 170°8 =. 22 5°79 57°90 166°8 
23 20 3°04 60°80 175121 3°00 60°00 172°8 


6 HILDITCH : THE RELATION BETWEEN 


Menthyl Cinnamate, C,H,*CH:CH:CO,°C,) Ho. 


This compound is mentioned by Cohen and Whiteley (Trans., 1901, 
79, 1308), who obtained it as a pale yellow, non-crystallisable oil 
from equivalent quantities of cinnamyl chloride and menthol, but did 
not investigate it further. Tschugaeff (Joc. cit.) found a value 
[a], —86°65° for the specific rotation, which is widely different from 
those determined by theauthor. The specimen used was obtained from 
cinnamic acid by the same method as that by which menthyl £-pheryl- 
propionate was prepared. After two fractionations in a vacuum, it 
was an almost colourless, viscous oil, boiling at 230—233° (27 mm.) ; 
it did not solidify at -—15°, but at that temperature became so 
viscous that the vessel containing it could be inverted without causing 
the contents to flow perceptibly ; d 17°/4° = 1:0079 (1:0066 ; Tschugaeff) ; 
specific refractive index nj’ =1°5433: 

0°1856 gave 0°5440 CO, and 0°1538 H,O. C=79°89; H=9-21. 

C,,H,,O, requires C= 79°72; H=9-09 per cent. 

The following rotations were observed with solutions of this 

ester : 


Percentage Solution in chloroform. Solution in acetone. 
concen- - s ~ - ~ 
tration. Temp. a. [a]p. [M],. Temp. a. [a]p. [M],. 
10 20° —12°00 -60°00 -171'6 -21 -12°89 — 64°45 — 184°3 
5 20 5°99 59°90 171°3 21 6°29 62°90 179°9 
24 «21 3°04 60°80 173°9 21 3°18 63°60 181'9 


Menthyl Phenylpropiolate, C,H,*C?C-CO,°C,,H,,. 


This was prepared by heating 5 grams of phenylpropiolic acid 
with a slight excess of menthol to 140° in an oil-bath for about four 
hours, a stream of dry hydrogen chloride being passed through the 
mixture continuously. By this means, after washing the product 
with dilute sodium carbonate solution, extracting with ether, drying, 
and fractionating, a yield of 7} grams of ester, boiling at 232—240° 
(30 mm.), was obtained. 

This was refractionated and the portion boiling at 235—238° 
(30 mm.) collected. This solidified, on cooling, to a mass of slightly 
yellow crystals, melting at 33°. The specific gravity at the melting 
point of the compound was d 33°/4°= 1°0595, and the specific refractive 
index of the supercooled liquid was nj = 1'5239: 


0°1123 gave 0°3291 CO, and 0:0897 H,O. C=79:92; H=8°88, 
C,,H,,0, requires C= 80:28; H=8°45 per cent. 
The following measurements of the rotatory power were carried 
out ; 


i ee eee SR ee, 
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Percentage Solution in chloroform. Solution in acetone. 
concen- - oe ~ c si ~ 
tration. Temp. a. [a]p. {[M]>. Temp. a, [a]p. [M]: 
10 21° -11°73 -58:65 -166°7 21° -I1'l1l — 55°55 —157°6 
5 20 5°70 57°00 161°9 21 5°26 52°60 149°4 
24 21 3°01 60:20 171:0 =20 2°62 52°40 148°8 


Bornyl B-Phenylpropionate, C,H,*CH,*CH,°CO,°C,)H,,. 


This ester was prepared by the thionyl chloride method from 7 
grams of the acid and an equivalent amount of borneol. After two 
fractionations in a vacuum, a yellow oil boiling at 205—207° (20 mm.) 
resulted, which had a specific gravity d 17°/4°=1'0350 and a specific 
refractive index nj =1:5142. On analysis : 


0:0820 gave 0:2388 CO, and 0:0668 H,O. C=79:43; H=9-05. 
C,,H,,0, requires C= 79°72 ; H =9-09 per cent. 
The results obtained for the optical rotatory power were as follows : 


Percentage Solution in chloroform. Solution in acetone. 
concen- — n ~ F a ie ~ 
tration. Temp. a. [a]p. [M],. Temp. a. [a]p- [M ]os 
10 20° +6°05 +3025 +86°5 20° +5°80 +29°00 +82°9 
5 20 2°95 29°50 84°4 22 2°80 28°00 80°1 
24 20 1°46 29°20 83°5 22 1°46 29°20 83°5 


Bornyl Cinnamate, C,H,*CH*CH:CO,°C,,H,,. 

This was obtained by the hydrochloric acid method, the oil-bath being 
maintained at about 130° for five hours. On purification and fractiona- 
tion, a pale yellow oil was collected, which distilled at 226—230° 
(27 mm.) and did not solidify on cooling. Its specific gravity was 
d 17°/4°=1-0571, and its refractive index nj’ = 15525: 

0°1374 gave 0°4063 CO, and 0°1075 H,O. C=80°63; H=8-70, 

C,,H,,0, requires C= 80°28 ; H=8'45 per cent. 

The following polarimetric observations were made : 


Percentage Solution in chloroform. Solution in acetone. 
concen- - - — a = 
tration. Temp. a [a]o. [M]». Temp. a. [a]o. [M]p. 
10 21° +5°81 +29°05 +82°5 20° +5°82 + 29°10 +82°6 
5 22 2°80 28°00 79°5 21 2°68 26°80 76°1 
24 21 1°42 28°40 80°7 22 1°38 27°60 78°4 


Bornyl Phenylpropiolate, C,H,»CiC-CO,°C,,H,,. 


This compound was prepared by the hydrochloric acid method from 
5 grams of the acid and a slight excess of borneol. In this way, 
nearly 4 grams of ester were finally obtained as a pale yellow, crystal- 
line mass, melting at 45°, and boiling at 228—230° (21 mm.), The 


| 
| 
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specificgravity of the crystals at the melting point was d 45°/4° = 10884, 
and the refractive index of the supercooled liquid was ni = 1+5500 : 
0°1002 gave 0°2951 CO, and 0°0742 H,O. C=80°32; H=8-23. 
C,,H,.0, requires C = 80°85 ; H=7:80 per cent. 
The optical rotatory powers measured were : 
Percentage Solution in chloroform. Solution in acetone. 
concen- - ae cr eS 


tration. Temp. a. [a]p. [M],. Temp. a. [a],. [M]». 
10 21° +6: ; + 87°6 20° +634 ~+31°70 +89°4 
3° 
}* 


5 22 88°3 20 3°10 31°00 87°4 
24 22 88°6 22 1°51 30°20 852 
The above observations show that there is no conspicuous altera- 
tion in optical activity in either series of esters, but at the same time 
certain small, but well-defined, variations are to be noted, and these 
are apparently closely connected with the degree of unsaturation of 
the acid present. In order to present these comparative differences more 
clearly, two tables are given showing the molecular rotations of each 
series of esters at corresponding concentrations (the specific rotations, 
it will be noticed, are related similarly, owing to the small change of 
molecular weight of the esters). 


I. Menthyl Esters. 
Solution in chloroform. Solution in acetone. 


Acid. 10 %. 5%. Mz 10 %. 5% 24 %. 
B-Phenylpropionic ... -171°5 -170°8 -175-1 -162°6 -166°8 -172°8 
Cinnamic 171°6 171°3 173°9 184°3 179°9 181°S 
Phenylpropiolic 166°7 161°9 + 171°0 157°6 =: 1494 148°8 


II. Bornyl Esters. 


Solution in chloroform. Solution in acetone. 


Acid. 10% 5% w% 10% 5% %% 
B-Phenylpropionic ... +86°5 +844 +83°5 +8299 +801 +83°5 
Cinnamic 82°5 79°5 80°7 82°6 76°1 78°4 

87°6 88°3 88°6 89°4 87°4 85°2 


It will now at once be perceived, first, that with only one exception, 
the change of rotation is in the same direction for corresponding con- 
centrations of the esters in either solvent ; and, further, that in the case 
of the menthy] esters, the ester containing a “ doubly-linked” pair of 
carbon atoms has a slightly (numerically) increased rotation compared 
with the saturated ester, whilst the ester of the acetylenic acid possesses 
less rotatory power than even the saturated ester: whereas the converse 
holds for the corresponding bornyl esters, a change from a saturated 
to an ethylenic linking being now accompanied by a (numerical) decrease 
of rotatory power, whilst, on the other hand, a further increase of 
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unsaturation produces an ester the optical activity of which is 
numerically greater than that of tne saturated ester. The only 
exception to this rule in the observations quoted above is the rotation 
of a 24 per cent. solution of menthyl cinnamate in chloroform ; 
this may safely be attributed to errors of experiment, as at this 
dilution the angle of rotation observed is small enough to give a large 
discrepancy in the molecular rotation for a comparatively small error 
of observation. The relative differences in optical activity appear to 
be more accentuated in the case of solutions in acetone of the menthyl 
esters than in any other instance; the precise reason for this is not 
obvious. 

The above experiments furnish further data for discussion of the 
following two points : 

(1) The steady change in optical activity which is found to accompany 
changes from saturated to ethylenic, and from the latter to acetylenic, 
linkings in a compound. 

(2) The small relative change of the rotation of the various esters. 

The results obtained evidently do not agree entirely with Walden’s 
statement ; it will therefore be necessary to examine them in further 
detail. In the first place, Walden prepared his esters from /-amy]l 
alcohol, and, in accordance with the well-known rule, invariably 
obtained dextrorotatory esters; thus the influence of the acid is 
to change the sign of the rotation, or, in other words, to exert a pre- 
ponderatingly positive influence. In the case of the menthyl esters 
described above, the specific rotations varied between the extremes 
of ay —52°40° for a 23 per cent. solution of menthyl phenyl- 
propiolate in acetone and [a]p -64°45° for a 10 per cent. solution of 
menthyl cinnamate in acetone. A sample of the menthol used to 
prepare the esters was examined in the polariscope with the following 
result. A 5 per cent. solution in chloroform at 20° in a 2-dem. tube gave 
a rotation, a —4°84°, whence [a]; — 48°40°, and [M];) — 75°50°. Again, 
some of the menthyl cinnamate on hydrolysis with alcoholic potash, 
after dilution and extraction with ether, gave a specimen of menthol 
which after recrystallisation melted at 41°5°, anda 5 per cent. solution 
of this in chloroform in a 1-dem. tube at 20° gave a—2°40°, 
[a]p —48°00°, and [M]? -—74°88°. This affords proof of the optical 
purity of the esters, and also shows that the rotation of the esters was 
always greater than that of menthol itself. 

With the bornyl compounds, the specific rotations varied between 
that of a 5 per cent. solution in acetone of bornyl cinnamate, [a]? + 
26°80°, and that of a 10 per cent. solution in acetone of bornyl phenyl- 
propiolate, {a]> +31:70, whereas the specific rotation of the borneol 
used was +35:9° before esterification and +34°8° after recovery from 
one of the esters. 
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Hence, in one case, the introduction of the acidic radicle causes 
an increase, and, in the other, a decrease of rotatory power. Although 
the direction of the change is thus shown not to be uniform in all cases, 
it is quite possible that the change of rotation on esterification depends 
chiefly on the nature of the optically active alcohol; indeed, a difference 
of behaviour between alcohols of widely varying structure, configura- 
tion, and optical activity is only to be expected; this view is borne 
out by Guye’s work on the influence of mass on rotatory power. But, 
at the same time, one would expect the change of optical activity 
occasioned by unsaturation in any asymmetric compound to be 
dependent solely on the change from single to double, or double 
to triple bonds, and, granting that this is the only factor influencing 
the alteration in rotation, it follows that the optical effects produced 
should lie in a corresponding direction for each stage of unsaturation 
with any alcohol. If this is the case, it is likely that the change in 
rotation will depend in some way on the influence which any acidic 
group exerts on the molecule. 

To illustrate this, the following tables have been drawn up, in 
which the numbers given represent the difference between the specific 
rotations observed above and the specific rotation of menthol 
([a]p — 48°4°) and borneol ([a], + 37°0°): 


I. Menthyl Esters. 
Solution in chloroform. Solution in acetone. 


Acid. 10%. 5% 2% 10% 5% W% 
B-Phenylpropionic 334 10°9 12°4 8-0 9°5 11°6 
Cinnamic 11°6 11°5 12°4 16:0 14°5 15°2 

10°2 8°6 11°8 71 4°2 4°0 


Il. Bornyl Esters. 
Solution in chloroform. Solution in acetone. 


Acid. 100% 8% 2% 10 %. pe 
8-Phenylpropionic 7°5 7°8 , 
Cinnamic .. ‘ 9:0 

Phenyl propiolic . 57 


5 

7° 
9° 
6° 


86 
56 


In accordance with the numbers obtained, it will be assumed for the 
moment that the presence of an ethylenic linking causes a further in- 
crease in the effect produced by the saturated acidic radicle, whilst an 
acetylenic linking decreases this effect. It is shown above that the 
effect of the entry of a saturated acidic group into the levo-menthol 
molecule is to increase the negative specific rotation ; a change from 
such an ester to the corresponding ethylenic compound preduces an in- 
crease in the negative specific rotation, and a further change to 
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the acetylenic ester causes the specific rotation to fall to less than that 
of the saturated substance, The case is slightly different for the 
borny] derivatives, for here it will be observed that the acidic radicle 
exerts a diminishing influence on the specific rotation ; hence, pro- 
ceeding on the assumption made above, an alteration from a single toa 
double bond should increase this negative influence, whilst, conversely, 
the change from a single to a triple linking should lessen the negative 
influence of the acidic radicle and so increase the positive rotation : 
this is exactly what has been observed to take place. 

Bearing in mind, then, that in the case of esters a change of rotation 
is to be considered with reference to the direction of the change of 
rotation which occurs on esterification of the active alcohol by any 
inactive acid whatever, the results obtained indicate that the presence 
of an ethylenic bond in a compound increases the optical activity, 
whereas that of an acetylenic bond causes the rotation to be less than 
that of the saturated compound, 

The question now arises, how far does this conception agree with 
other work which has been done on the subject? So far as the effect 
of the ethylenic linking is concerned, the results now put forward 
serve to corroborate all the observations quoted in an earlier part of 
this paper; in the case of compounds such as those prepared by 
Haller and Desfontaines, and by Klages and Sautter (Joc. cit.), there is 
no question of the change which the group containing the unsaturated 
part of the molecule exerts on the rotation of the molecule as a whole, 
and therefore a simple increase of rotation takes place. Minguin’s 
and Walden’s results for esters of /-amyl alcohol also show that an in- 
crease of optical activity accompanies the change from a single to 
a double bond, and Hartwall (Diss., Helsingfors, 1904) has obtained 
similar results with active hydroaromatic esters of aliphatic acids, 
but if the above assumption is extended to Walden’s results for the 
active amyl esters of phenylpropiolic and acetylenedicarboxylic acids 
(the actual numbers for the latter substance are not given), it is 
obvious that a decrease in rotation should be found, whereas this 
author states that the numerical value of the opticaliactivity lies 
between those of the corresponding saturated and ethylenic compounds. 
Since Walden has himself admitted that the alcohol used was not 
optically pure, it would appear probable that these results are in- 
accurate, and that the change to a triple bond causes decrease in 
optical rotatory power. It may here be mentioned that Stewart 
(Trans., 1907, 91, 199), in dealing with the relation between absorp- 
tion spectra and optical rotatory power, observed that neither the 
order of the persistence of the absorption bonds nor of the frequencies 
at their heads appeared to be connected with the order in which the 
rotations (according to Walden) stood ; but it will be noted that the 
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order of both of these coincides with that now determined for the effect 
of unsaturation, so that the order of the variation of rotation with 
unsaturation does not present any obstacle to the deduction of relations 
between the two series of phenomena. 

It would seem that some explanation is desirable of the notably 
small, although regular, changes experienced in the rotations of thesé 
esters. Many investigations have served to give prominence to 
the fact that optical activity is not, as Guye at first supposed; 
simply a function of the masses surrounding the asymmetric carbon 
atom, but depends also on the constitution of the molecule ; it appears 
to the author that the present research serves especially well to 
display the influence both of the mass and of the constitution of the 
molecule ; for, whilst the effect of unsaturation is shown to produce 
perfectly definite changes in the rotatory power, the mass of the ester 
is in all cases so great that these changes are quite small in com- 
parison with the average specific rotation. Now, if the structural 
formule adopted for menthol and borneol are considered, it at once 
becomes evident that the three asymmetric carbon atoms are similarly 
situated in each molecule, thus : 


CH, 
| 


C 
is 


CH, | CH°OH 
| CHy"C"CH | 
CH, | CH, 


get 
NZ 
CH 


| 
CH, 
Menthol. Borneol. 


it is therefore natural, according to Guye’s view, that the effect of a 
small change in the weight of the molecule should be approximately 
the same in each case, and also that in neither case should a very 
marked change of optical activity occur. Further, it has been 
observed (Guye and Babel, Arch. Sci. phys. nat., 1899, [iii], 7, 114 ; 
Guye, Trans., 1901, 79, 476) that substitution in an optically 
active compound effected at a point sufficiently far removed from the 
asymmetric carbon atom scarcely modifies the rotatory power. This 
fact may be illustrated by McCrae’s work on ethyl octyl tartrate 
(Trans., 1901, 79, 1106), in which the following results for deriv- 
atives of this substince were obtained : 


UNSATURATION AND OPTICAL ACTIVITY. PART I, 13 


[M}2" (My, 

Diethyl tartrate +15°78° | Ethyl octyl tartrate + 22°55° 
re diacetyltartrate ; de », diacetyltartrate ... +15°8 
»,  dibenzoyltartrate : ,, dibenzoyltartrate. —245°8 


It will be noted that the difference between the values for corre- 
sponding derivatives of ethyl octyl and diethyl tartrate (which are also 
given in the table) is relatively small in each case. Equally instructive 
is the case of the menthyl esters of benzoic, phenylacetic, and B-phenyl- 
propionic acids, which, as has been mentioned (p. 2), has been 
investigated by Tschugaeff. 

Again, Haller and Desfontaines {/oc. cit.) observed a comparatively 
small increase of activity in corresponding saturated and unsaturated 
derivatives of cyclopentanone containing two asymmetric carbon atoms, 
of which only one was situated close to that part of the molecule 
where change of constitution was effected. These instances show that 
with many compounds of fairly high molecular weight a slight change 
in constitution is not usually accompanied by any great alteration in 
optical activity. 

Rupe (Annalen, 1903, 32'7, 157) has made an extensive study of a 
case which, however, is even more closely related to the nature of the 
present work, namely, the effect of the por’tion of the double bond on 
the optical activity of a large series thy! esters. His most 
interesting results are collected in the i ig tables : 


Menthy] esters of 
Crotonic acid 
A28-Pentenoic acid 
ABy-Pentenoic 
Ay5-Pentenoic 
A-8-Hexenoic 
S8y-Hexenoic 
Ay5-Hexenoic 
4de-Hexenoic 
A28-Heptenoic 


Thus in the case of aliphatic unsaturated acids, the double bond 
exerts less and less influence the further it is away from the asymmetric 
carbon atom. He shows, moreover, that a similar state of affairs 
prevails with the reduced benzoic acids, thus : 


Menthy] esters of 
Benzoic acid 
A}.cycloHexenecarboxylic acid 
A”-cycloHexenecarboxylic acid 
cycloHexanecarboxylic acid 


It will be especially noted in this connexion that the A*-cyclohexene- 
carboxylic acid has much less effect than the A!-acid, the double link- 
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ing being further removed from the asymmetrical part of the 
molecule. 

These instances, then, show clearly that a large alteration of rotation 
is not to be looked for in the case of esters, such as those of menthol 
and borneol, containing no less than three asymmetric carbon atoms, 
two of which at least are relatively distantly situated with respect to 
the point where change in constitution takes place, and it may be held 
that the behaviour of these esters is quite in accordance with what 
might have been expected from due consideration of previous 
observations. 

Attention may be drawn to the fact that other physical properties 
of the esters appear to be influenced in a regular manner by increase 
of unsaturation ; thus the boiling points and specific gravities appear 
to increase with increasing unsaturation, whilst the refractive index 
increases for a change from single to double, but decreases to an inter- 
mediate value for the further change to a triple, bond. The following 
table illustrates these properties, together with the values for a typical 
corresponding set of polarimetric measurements : 


10 per cent. solution. 


Chloroform. Azehens. 
Refractive -——-— QGVGa=aa__—_, 
Ester. B, p. Sp. gr. index. [a]p. [M]p. [a]. [M]p. 


Menthyl 8-phenyl- f210—212°) , joan yer pee: ae “ane 4° 
propionate (25 mm.) s° 9836 1°5004 -—59°55° -171°5° —56°45° —162°6 


Menthyl .cinnam- f 230—233°),.,,. : . et P ~ ; 
(27 mm.) pi 0079 5433 -—60°00 -—171°6 ~-64°45 -—184°3 


235—238°\ 1.9795 41: cai 
(30 mm.) f2°0595 -58°65 -166°7 -55°55 -157°6 


io. (20 mm.) 10850 ‘5142 +30°25 +865 +2900 +4829 
Bornyl cinnamate. { 737.) \1-0571 5525 +2905 +825 +29°10 +82°6 


, Nacht,» poe ; er ‘ , ‘ 4 
piolate be cee (21 mm.) 1°0884 +31°05 +87°6 +381°70 +89°4 


The author is at present engaged in an investigation of the menthyl 
and borny] esters of succinic, fumaric, and acetylenedicarboxylic acids, 
and by comparing the optical rotatory powers of these under similar 
conditions it is hoped to obtain still further data on which to base 
some generalisation of the relation between unsaturation and optical 
activity. In the meantime, the following summary may be given of 
the conclusions so far arrived at : 

(1) The effect of change from a saturated to a corresponding 
unsaturated compound produces a relatively small change in the case 
of the rotation of esters of menthol and borneol. 

(2) These alterations are nevertheless perfectly definite, and exhibit 
quite regular fluctuations depending on the change of constitution. 

(3) The conversion of a saturated to an ethylenic linking is 
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accompanied by an increase in rotatory power, whilst the change from 
a saturated to an acetylenic bond is apparently connected with a 
decrease in rotatory power. 

(4) In the case of esters, the change in rotation must be measured 
with respect to the influence which any acidic group exerts on the 
molecule, or, in other words, with reference to the difference between 
the specific rotation of the ester and that of the active alcohol from 
which it was formed. 

(5) Walden’s results are thus confirmed so far as the change to an 
ethylenic linking is concerned, but there is a discrepancy as regards 
the influence of the triple bond on the optical activity ; he does not, 
however, appear to have recognised the necessity of observing the 
last-mentioned distinction with regard to esters. 


In conclusion, the author desires to thank Prof. Collie and Dr. 
Smiles for the interest they have shown in this research, and to 
acknowledge his indebtedness to Dr. A. W. Stewart for much valuable 
assistance in the course of the work. 
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I1.—Note on the Iodates and Periodates of the Alkali 
Metals and the Ammonium Radicle. 
By Tuomas Viponp Barker, B.A., B.Sc.(Oxon.). 


THE present communication deals with the chemical part of an 
investigation of certain iodates and periodates which were chiefly pre- 
pared for a crystallographic examination ; the results of the latter 
will appear shortly in the Zeitschrift fiir Krystallographie. 

Of the analyses, the halogen estimations were effected by the Carius 
method, which the author had previously found to answer well for the 
perchlorates ; the heating was carried out in two operations, each 
lasting four hours, the first to 150° and the second to 250°. The 
metal was estimated by the usual sulphate method. 

The specific gravity determinations were made in capped specific 
gravity bottles with carbon tetrachloride as displacing liquid; 
the solubility determinations were carried out with 20 c.c. of the 
saturated solutions. 

Rubidium Iodate, RbIO,.—This salt, as well as the corresponding 
cesium compound, was first prepared by Wheeler (Amer. J. Sci., 1902, 
[iii], 44,123) by adding iodic anhydride to solutions of the carbonates. 
A good yield is obtained by passing chlorine into a hot concentrated 
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solution of a mixture of rubidium iodide and hydroxide, whereby 
the sparingly soluble iodate is precipitated : 

Specific gravity at 14°/4°=4°559. Mol. vol. =57:14. 

Solubility : 100 parts of water dissolve 2:1 parts at 23° (Wheeler). 

Caesium Iodate, Cs1O,.—This salt was prepared in the same way as 
the rubidium compound : 

Specific gravity at 16°/4°=4°831. Mol. vol. =63°68. 

Solubility : 100 parts of water dissolve 2°6 parts at 24° (Wheeler). 

The iodates of potassium, rubidium, and cesium form an 
isomorphous group, crystallising in what appear to be cubes, but 
which are really made up of four monoclinic sub-individuals, inter- 
penetratingly twinned. 

Potassium periodate, KIO,, is readily prepared by oxidising the 
iodate ; a suitable method is to pass chlorine into a hot, strongly 
alkaline solution of the iodate (Rammelsberg, Ann. Phys. Chem., 
1868, [ii], 134, 368) ; the very sparingly soluble periodate separates 
in tetragonal bipyramids * : 

0°3080 gave 0°3106 AgIl. I[=54°5. 

KIO, requires I= 55:1 per cent. 
Specific gravity at 15°/4°=3°618. Mol. vol. = 63-60. 
Solubility : 100 parts of water dissolve 0°66 part at 13°, and the 


specific gravity of the saturated solution at 13°/4° is 1-0051. 


Rubidium periodate, RbIO,, has not previously been obtained. It 
was prepared by the method mentioned above for the potassium 
compound. The precipitated crystals were washed and recrystallised 
twice : 

0:3090 gave 0:2664 AgI. I=46°6. 

04045 ,, 0°1930 Rb,SO,. Rb=30°54. 

RbIO, requires [= 45-9 ; Rb=30°91 per cent. 

The high value for iodine and the low value sor rubidium point to 
the presence of a small amount of potassium. The salt forms 
beautiful, colourless, tetragonal crystals, strictly isomorphous with the 
potassium compound : 

Specific gravity at 16°/4°=3°918. Mol. vol=70-56. 

Solubility : 100° parts of water dissolve 0°65 part at 13°, and the 
specific gravity of the saturated solution at 16°/4° is 1:0052. 


* Potassium periodate was stated by Rammelsberg to be orthorhombic and iso- 
morphous with the perchlorate, but, in spite of all efforts, the author did not 
succeed in obtaining an orthorhombic modification, so he communicated with Prof. 
Groth, of Munich, who fortunately had in his possession the preparation originally 
measured by Rammelsberg. Prof. Groth kindly had the crystals analysed, and they 
were found to contain no trace of iodine, being, in fact, practically pure potassium 
perchlorate. 
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Caesium periodate, CsIO,, was first prepared by Wells (Amer. 
Chem. J., 1901, 26, 278) by neutralising periodic acid with cesium 
carbonate. The salt may also be prepared by the chlorine method, 
but the yield is by no means good, much iodate precipitating with the 
crystals of the periodate ; the bulk of the author’s salt was therefore 
obtained by Wells’s method : 


0°4601 gave 0°3321 AgIl. I=39-02. 

CsIO, requires [= 39-20 per cent. 

Cesium periodate is fairly soluble in water, and crystallises in well- 
defined plates belonging to the orthorhombic system, and is therefore 
not isomorphous with the potassiun and rubidium compounds : 

Specific gravity at 15°/4°=4:259. Mol. vol. = 76-04. 

Solubility : 100 parts of water dissolve 2°15 parts at 15°, and the 
specific gravity of the saturated solution at 15°/4° is 1:0166. 

Ammonium periodate, NH,10,, was obtained by neutralising a 
solution of periodic acid prepared by Wells’s method (loc. cit.) with . 
aqueous ammonia; the salt is isomorphous with the potassium and 
rubidium compounds : 

Specific gravity at 18°/4°=3°056. Mol. vol. = 68°39. 

Solubility: 100 parts of water dissolve 2°70 parts at 16°, and the 
specific gravity of the saturated solution at 16°/4° is 10178. 

Sodium periodate, NalO,, crystallises in two forms: one anhydrous, 
isomorphous with the ammonium salt; the other with 3 molecules of 
water, in the rhombohedral system : 

Specific gravities: NaIO, at 16°/4°=3'865. Mol. vol. =55°37. 

” Nal0O,,3aq. at 18°/4°=3°219. Mol. vol. = 83°28. 

The periodates of potassium, rubidium, ammonium, sodium, as well 
as of silver and lithium (according to Rammelsberg) form therefore an 
isomorphous group, crystallising in the tetragonal system. The group 
is interesting, not only Lecause the majority of the elements in the 
first group of the periodic classification are represented, but also 
because the crystalline form is extraordinarily similar to that of the 
minerals of the scheelite group. ‘The cause of this is, no doubt, to be 
found in the similarity of the type of composition, KIO,,CaW0O,, just 
as it is in certain other pairs of compounds, for example, calcium 
carbonate and sodium nitrate, and potassium perchlorate and barium 
sulphate. 


The author’s thanks are due to Prof. H. A. Miers, in whose 
laboratory the above work was carried out. 
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IIl.—Acylogens and Thiocarbamides. 


By Aveustus Epwarp Dixon and Joun Taycor. 


Ir has been shown in previous communications (Dixon and Taylor, 
Trans., 1907, 91, 912; see also Dixon and Hawthorne, ibid., 122) 
that the reaction between certain well-defined acylogens and thio- 
carbamide, or its aryl monosubstitution derivatives,* leads to the 
production of halogen salts derived from iminothiocarbamic acid, 
thus : 

(i) NH,°CS-NH, + R-COCl = HCl+ NH,°C(NH):S:COR ; 

(ii) ArNH-CS:NH, + R:COCl= HCl + ArNH-C(NH)-S-COR. 

As a rule, salts of class (i) are easily hydrolysed with regeneration 
of thiocarbamide, but undergo molecular change when heated, the acyl 
group becoming associated with one of the nitrogen atoms to form an 
acyl-substituted thiocarbamide : 

NH,‘C(NH):S*COR,HCl —> HCl + RCO-NH‘CS-NH,,. 

Those of class (ii) are distinctly more stable, yielding, by cautious 
withdrawal of the combined halogen acid in the cold, a substance having 
the empirical formula of the corresponding base, namely, 

ArN H-C(NH)-S:COR. 
This substance, however, is not the base, but an isomeride, 
RCO:NAr‘OS:NH, ; 
the acyl group, as soon as the halogen acid is neutralised, parting from 
the sulphur to become associated with that nitrogen atom which 
already holds in combination a hydrocarbon radicle. 
Under the influence of heat, or of a dilute alkali (compare Hugers- 


* Although in many reactions thiocarbamide behaves, not as CS(NH,)., but as 
iminothiocarbamic acid, NH:C(SH)*NHg, and the like is true as regards a large 
number of its substitution derivatives, yet in the present paper (save where a 
definitely established structure forbids) they are all represented on the thiocarb- 
amide type, and named accordingly. This usage is adopted, however, not to 
express any view as to their respective constitutions, but solely to avoid the clumsi- 
ness of attaching two or more names and formule to a single compound. For 
instance, the so-called phenylthiocarbamide, PiNH*OS*NH,, may react as 
PhN:C(SH)*NHg, or as PhNH*C(SH):NH ; possibly, also, as a true thiocarbamide ; 
or it may be a thiocarbamide in the static condition. The ab-disubstituted thio- 
carbamides, it would seem, are capable of reacting in three different forms, according 
to circumstances ; if ‘‘ the constitution of a compound” is to be inferred from its 
chemical behaviour, it is not easy to judge, in a case like this, how any save a 
conventional nomenclature is to be applied. 

The present being principally a descriptive paper, the authors desire to confine 
themselves to the experimental results, and to the above statement of the conven- 
tion respecting names and formule. 
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hoff, Ber., 1899, 32, 3649), the first intramolecular movement of the 
acyl group is followed by a second; this time to the remaining 
nitrogen atom, where, in the configuration : 

ArNH:CS:NH-COR, 
the acyl radicle appears to have reached a position of maximum 
stability. 

These statements outline in a merely approximate way the main 
results hitherto observed. Deviations of various sorts occur; for 
example, in certain cases, the benzoyl group, when liberated from the 
sulphur, moves so readily to the non-substituted nitrogen atom (to 
form an ab-disubstituted thiocarbamide) that, although the existence 
of an aa-form was recognisable (luc. cit.) through the characteristic 
reaction whereby thiocyanic acid is produced, 

ArNAc:CS:NH, + KOH = KSON + ArNHAc + H,0, 
the movement could not be arrested at the substituted nitrogen atom 
long enough to permit of the isolation of the aa-compound. 

On the other hand, in the case of the acyl groups, *CO,Me and 
‘CO,Et, the electronegative character of which is somewhat feeble, 
the first transfer from sulphur to nitrogen, 

PhNH-C(NH)-S:CO,Me —> PhN(CO,Me)-CS:NH,, 
is brought about very readily, whilst the second, to produce 
PhNH-CS:NH(CO,Me), 
could not be accomplished; a failure the more remarkable, con- 
sidering that by other means the synthesis of the ab-compound presents 
no difficulty. 

It may be noted, too, regarding the behaviour of compounds such as 
PhNH-C(NH)-8°CO,R,HCl, that it is not a matter of indifference 
whether the radicle, R, be . tty or benzenoid ; for, in the latter case, 
on the withdrawal by alkali . the combined hydrogen chloride, no 
aathiocarbamide, PhN(CO,Ar)*CS-NH,, is formed, but, instead, 
decomposition occurs with production of carbon dioxide, the phenol, 
ArOH, and phenylthiocarbimide. 

Beyond the facts here roughly indicated, our knowledge of the 
behaviour of acylogens with thiocarbamides does not extend very far ; 
interesting work has lately been carried out on the alkyl--thio- 
carbamides, derivatives of the type NH,°C(NH):SAIk, but, for the 
present purpose, it is unnecessary to particularise the conclusions. 

In this communication, the writers give the results of an inquiry 
directed mainly in order to learn (i) the effect of using an acylogen 
the acid radicle of which contains a second halogen element, and (ii) 
the behaviour of certain acylogens towards thiocarbamides containing 


non-aromatic substituting radicles. 
c 2 
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EXPERIMENTAL, 
a-Bromopropionyl Bromide and Phenylthiocarbamide. 


If the reaction between these substances is analogous to that 
where ordinary alkylogens are concerned, it must proceed primarily as 
follows : 


PhNH:CS:NH, + CH,-CHBr-COBr = 
PhNH-C(NH):S:CO:CH Br-CH,, HBr. 

On the other hand, when halogenised radicles are presented for 
combination with the nitrogen of a thiocarbamide, ring-closing 
frequently occurs with elimination of halogen acid ; thus, for example, 
Hirsch has shown (Ber., 1890, 23, 971) that methylthiocarbimide 
yields with 8-bromopropylamine, not the expected methylbromo- 
propylthiocarbamide, CH,-NH-CS:NH-CH,-CHBr’CH,, but, instead, 
the hydrebromide of an isomeric ring-compound, 
Ss: CHMe 

v: -CH, : 

This action may obviously be represented by supposing the 
thiocarbamide first to be produced, and then to be changed into 


the labile or tautomeric form, CH,*NH- — Tote. Br’ whence, by 


CH, NH:C< 


loss of the elements of hydrogen bromide, the above ring-compound 
would result. 

In like manner, if phenylthiocarbamide were first to yield with 
a-bromopropionyl bromide the product already formulated, this might 
easily transform itself into a ring-form, thus: 

_zNH CHMeBr 
H0<. bo 


Experiment gave the results described below. 

Vigorous action took place on mixing the constituents, dissolved in 
molecular proportions, in warm acetone, and, on cooling, small, white, 
glistening plates were deposited, giving with water a clear acid 
solution. When heated in a narrow tube, the solid darkened slightly 
at 215°, shrank at 230°, and melted with effervescence and charring 
at 238—239° (uncorr.). 

From the solution if water or alcohol, no picrate could be obtained, 
from which it seemed improbable that a-bromopropionyl-y-phenyl- 
thiourea hydrobromide, PhNH-C(NH)-S-CO-CHBr-CH,,HBr, had 
been formed ; neither did the solution in concentrated alkali yield any 
trace of red coloration when acidified and treated with fer~ic chloride ; 
hence there was no reason to suppose that migration of the acyl 


N: CHMe 


PhN g. co 


PhNH C= »HBr. 
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group had occurred with production of aa-bromopropionylpheny]l- 
thiocarbamide, CH,-CHBr-CO-NPh:CS:NH,,. 

A bromine determination, however, gave figures concordant with 
the latter formula : 

0°368 required 12°75 c.c. V/10 silver nitrate. Br=27-75. 

C,,>H,,ON,BrS requires Br = 27°87 per cent. 

But on further examination the compound proved to be a hydro- 
bromide, and, since it was not desulphurised by boiling with an alkaline 
solution of lead, the sulphur must evidently be held in a closed-ring, 
which could have only the constitution figured above, namely, 
CXS f a or, the alternative form, O<. ig 
these is correct was shown by the fact that the substance, when 
boiled with baryta water, gave with hydrochloric acid, ferric chloride, 
and ammonia the purple reaction characteristic of the thioglycollic 
acids, and hence contains the typical linking: *S*CH,°CO-. 

No indication was observed of the presence of any other product 
than that described, which was obviously the hydrobromide of one 
of the various forms of so-called phenylmethylthiohydantoin, probably 
PhN:C Ey gua! otherwise, V-phenyl-a-methylthiourantoin (see 
Dixon, Trans., 1897, 71, 629, 639). 

Therefore, in the circumstances given, when two halogens (one 
being connected with the CO group of an acyl radicle, and the other 
a substituent in its hydrocarbon nucleus) are presented simultaneously 
to the SH group of PhN:C(NH,):SH, the hydrogen of this combines 
preponderantly, if not exclusively, with the substituent halogen; 
hence the ring-formation which occurs also must depend mainly, 
if not altogether, on the union of the halogen of the -COBr with 
the hydrogen of an amino- or imino-group. 

To ascertain whether temperature may influence either the direction 
of the primary combination (that is, which halogen unites with the 
SH-hydrogen) or the fact of ring-closing, the experiment was repeated 
in a freezing mixture at about — 8°. No substantial difference of any 
sort was noticed, the sulphur of the product appearing, just as before 
to be linked solely as -*S*CHMe:. 


That the latter of 


Chloroacetyl Chloride and Phenylthiocarbamide. 


Although, in view of the results described above, there could 
be little doubt as to how these substances would interact, the experi- 
ment was tried, the constituents being mixed in cooled acetone. 
The white product, a hydrochloride, decomposed at 230° with 
blackening and intumescence; from its aqueous solution, when 
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neutralised, a white solid crystallised out, having the melting point 
(177—178°) of “phonylthiohydantoin,” and giving the reactions of 
this compound. 


Acetyl Chloride and Allylthiooarbamide. 


These substances combined vigorously in presence of acetone, the 
product, a white, apparently crystalline powder, melting at 103—104° 
with decomposition and effervescence. Analysis showed it to be a 
molecular additive compound : 

0°389, dissolved in hot ammonia, gave 0°499 Ag.S, and the filtrate 

contained 0°2822 AgOl, S=16:55; Cl=17'95. 
C,H,,ON,S,HCl requires S= 16°45 ; Cl= 18:25 per cent. 


The interaction may be represented as follows: 
, C,H,-NH 
(i) C,H,*NH:CS:NH, + CH,*COCl = °H, OCS -CO-CH,’ 
and then 
C,H, ey 
| NDO<s. .CO-CH, = CsHs'NH-O(NH)'S:CO-CHy HC, 


or 
(ii) C,H,*NH*C(NH)-SH + CH,:COCI = 
C,H,-NH-C(NH):S:CO-CH,,HCl. 

Water dissolved the substance very freely, but with considerable 
decomposition, so that the corresponding picrate, an orange-yellow, 
crystalline solid, could be obtained only in poor yield. 

Action of Caustic Alkali.—Twelve grams of the hydrochloride were 
dissolved in water, and to the solution, without delay, ther. was run 
in something less than one equivalent of WV/3 alkali; the white pre- 
cipitate was then collected by the aid of the pump. The filtrate, 
which was strongly acid, required for neutralisation about half an 
equivalent more of alkali, and now contained both chloride and 
acetate ; consequently, about one-half of the hydrochloride had under- 
gone hydrolysis with regeneration of allylthiocarbamide; no thio- 
cyanate was present. 

The crystalline precipitate, free from chlorine, melted at 95—96°, 
and, when recrystallised from dilute alcohol, formed brilliant needles, 
showing the same melting point as before. It was now practically 
insoluble in hydrochloric acid, and its solution in dilute alcohol 
yielded no picrate; hence the product did not consist of the base: 
C,H,*NH-C(NH):S-CO-CH,. 

It was soluble, however, in dilute alkali, the solution being de- 
sulphurised by heating with a lead salt; on the other hand, when 
heated with strong (30 per cent.) potassium hydroxide, it gave at first 
a clear solution, which presently became turbid owing to the separation 
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of an oil; the mixture, whilst reacting intensely for thiocyanic acid, 
was but slightly darkened by boiling with a lead salt, and hence 
practically all the contained sulphur had been eliminated as thio- 
cyanate, the oil being doubtless allylacetamide. From the above 
result, it appears that this form of decomposition, so characteristic of 
the aa-acylarylthiocarbamides (see Hugershoff, Ber., 1899, 32, 3649 ; 
compare also Dixon and Hawthorne, Trans., 1907, 91, 133; Dixon 
and Taylor, ibid., 916), holds equally in the aa-acylalkyl class : 
C,H,*N(CO-CH,)CS-NH, + KOH = 

KSCN + H,0 + C,H,*NH:CO-CH,, 


The above formula was checked by analysis : 


0-316 required 40:2 c.c. V/10 barium chloride. S=20°4. 
C,H,,ON,S requires S = 20°25 per cent. 


It had now to be learned whether this second form of acetylallyl-, 
thiocarbamide could be transformed, through migration of the acyl 
group, into the third, or symmetrical, variety ; that such is the case is 
proved by the result of the following experiment. 

Action of Heat.—A quantity of the aa-compound was maintained 
for some time at a temperature between 100° and 105°. After half an 
hour, the liquid, when treated with caustic alkali, still reacted very 
strongly for thiocyanic acid, but after some two hours’ further heating 
responded but feebly to the test. On cooling, the brown melt 
solidified, and the solid, when twice recrystallised from boiling, dilute 
alcohol, formed long, silky needles melting at 73—74°. With hot 
water, the product yielded an almost neutral solution, giving no pre- 
cipitate with excess of picric acid; it was soluble also in cold strong 
alkali, the solution being desulphurised by boiling with a lead salt, 
but giving with hydrochloric acid and ferric chloride no trace of red 
coloration. On analysis: 


0°158 gave 0:230 BaSO,. S= 20-0. 

C,H,,ON,S requires S = 20°25 per cent. 

This product, accordingly, was isomeric with the last described, and 
consisted of ab-acetylallylthiocarba:nide. The series of changes, 
starting from the compound of allylthiocarbamide and acetyl chloride, 
may be summed up as follows : 

C,H,*NH-C(NH)-8:CO-CH,,HCl —> C,H,-N(CO-CH,):-CS*NH, -> 
C,H,"NH-CS-NH:CO-CH,,. 

When ab-acetylallylthiocarbamide was cautiously heated somewhat 
above its melting point, the pungent odour of acetylthiocarbimide 
became perceptible, and the fusion, when treated with water and 
ferric chloride, gave an intense blood-red coloration. This behaviour 
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of acylated thiocarbamides has already been pointed out and discussed 
(Dixon, Trans., 1906, 89, 905). 

From the foregoing experiments, it may be concluded that when a 
fatty acylogen reacts with a monosubstituted thiocarbamide the 
general behaviour of the product, as regards intramolecular move- 
ment of the contained acid radicle, is independent of whether the 
substituting group of the thiocarbamide is cyclic or otherwise. It 
remained for experiment to show how acetyl chloride would behave 
with a disubstituted thiocarbamide containing the allyl group. 


Acetyl Chloride and ab-Phenylallylthiocarbamide. 


When acetyl chloride was added in slight excess to phenylallyl- 
thiocarbamide dissolved in warm benzene, a clear, yellow oil was 
precipitated, showing even after long keeping no tendency to become 
solid. The product, a hydrochloride (containing a trace of phenyl- 
thiocarbimide), was rather sparingly soluble in water, but easily 
so in alcohol, the latter solution yielding with alcoholic picric 
acid a picrate, crystallising in long, transparent needles, resembling 
monoclinic sulphur in colour and appearance, and melting at 
154—155° (corr.). 

With dilute caustic alkali, the aqueous solution of the hydrochloride 
gave an oil, soon changing to a crystalline solid ; the latter, after two 
recrystallisations from boiling dilute alcohol, separated in needles 
melting at 117—118° (corr.). The product was slightly alkaline ; 
when treated with hydrochloric acid, it yielded again the oily 
hydrochloride, and then in turn the picrate: hence it was plain that 
the acetyl group, if united originally to sulphur, had not undergone 
the usual movement to a nitrogen atom, since in that case the basic 
character would have been lost. Moreover, that the acetyl group had 
not remained attached to sulphur was evident from the facts, that on 
boiling the base with caustic alkali and a lead salt the mixture was 
not darkened, and that the alcoholic solution gave with silver 
nitrate a white precipitate, sparingly soluble in ammonia and showing 
no sign of desulphurisation when boiled with it. 

Boiling with concentrated nitric acid failed to produce any detectable 
amount of sulphuric acid; nevertheless the compound contained 
sulphur, for on ignition with zinc filings, metallic sulphide was 
obtained, and by fusion with caustic alkali and nitre, alkali sulphate. 
The sulphur therefore must form part of a ring; from which it was 
inferred that the acetyl group had probably gone to saturate the 
allyl group, in which case, ring formation could easily occur in either 
of the following ways: 
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(i) PhNH-CS:NH°CH,°CH:CH, + AcCl= 
PhNH:CS-" H-CH,:CHAc:CH,Cl, 
if now, as usual, the chlorine and the SH-hydrogen interact, 
rea ZN 'CH,CHAc N-CH: CHAc 
PhNH C<oy oe = HCl+PhNH- 0<, ie 
(ii) PhNH-CS-NH-CH,°CH:CH, + AcCl = 
PhNH-CS:NH:CH,-CHCI-CH,Ac ; 
whence, as before, 


N—OH, — 
PhNH-C<oy duc CH, Ac ~ nn + EEE Pee CH, Ac 


Analysis, however, failed to substantiate this view, for : 

0:20 gave 24°6 c.c. moist nitrogen at 15° and 748 mm. N=14°7, 
whilst the compounds just formulated would require N=11°97 per 
cent. 

The percentage of nitrogen found agrees closely with that calculated 
for phenylallylthiocarbamide itself, namely, 14°58, and a comparison 
of the properties of the product with those of the isomeride of phenyl- 
allylthiocarbamide, “ V-phenylpropylene-y-thiourea,”’ 

N-CH, 
PhNH“C<g.0H-0H,’ 
obtained by Prager (Ber., 1889, 22, 2992) from the first-named and 
concentrated hydrochloric acid at 100°, shows them to be the one 
compound. Prager gives for the melting points of base and picrate, 
117° and 154° respectively ; the authors’ figures, as stated above, were 
117—118° and 154—155°. 

If the mechanism of this unexpected change operates as supposed, 
the chlorine of the acetyl chloride must have united primarily with the 
middle carbon atom of the allyl group as represented in case (ii) 
above ; here, by the simple exchange of hydrogen for acetyl, however 
this be conditioned, the propylene configuration would result : 


N-CH, N-CH, 
s-GH-CH,Ac ~> TENE C<o_ da: OH, 


Considering that allylthiocarbamide reacts with hydrochloric acid 


at 100° in precisely the same way as does phenylallylthiocarbamide (that 


N-CH, : 
is, propylene-y-thiourea is formed, NH, CK -CH-CH, ; see Gabriel, 


PhNH-C<@ 


Ber., 1889, 22, 2985), it seems curious that the two should behave so 
differently with acetyl chloride. 

The question naturally arising whether an acylogen less electro- 
negative than acetyl chloride would behave similarly to the latter, the 
alkyl chlorocarbonates were selected for the purpose of experiment. 
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Methyl Chlorocarbonate and Phenylallylthiocarbamide. 


Slight excess of methyl chlorocarbonate was added to a gently 
warmed solution of phenylallylthiocarbamide in acetone. No heat 
was evolved, nor did the mixture become turbid, but on evaporation at 
the ordinary temperature, beautiful, large, vitreous prisms were ob- 
tained ; after being well washed with ether and dried, they melted 
with copious effervescence at about 87°, 

The product dissolved in sulphuric acid with frothing and evolution 
of hydrogen chloride. On analysis : 

0°3006 required 10°5 c.c. V/10 silver nitrate. Cl=12-4, 

C,,H,,0.N,8,HCl requires Cl = 12°39 per cent. 

About 88 per cent. of the theoretical yield was obtained. The gas 
expelled by heating the hydrochloride proved to be carbon dioxide ; 
by maintaining the heat cautiously until the effervescence ceased, an 
oily residue was obtained, the solution of which in water gave with 
caustic alkali a white, oily precipitate having a strong odour of 
mercaptan and yielding with a lead salt the yellow lead mercaptide. 
The chlorocarbonate residue therefore had become attached to the 
sulphur atom (and not to the allyl group), the change by heat pro- 
ceeding thus : 

C,H,*NH-C(N-C,H,):S:CO,-CH,,HCl = 
CO, + C,H,*NH-C(N-C,H,)S:CH,,HCl. 

Action of Water on the Hydrochloride—When added to water, the 
hydrochloride yielded a very acid solution, which, if treated at once 
with picric acid, gave the bright yellow picrate; with caustic alkali, 
it furnished a white precipitate, soluble in excess, the solution having 
a distinct odour of mercaptan, and undergoing desulphurisation when 
heated with a lead salt. On the other hand, the aqueous solution, 
when kept for a short time, became turbid (the same change occurred 
at once on warming), owing to the separation of an oil, soon changing 
to a crystalline solid ; the liquor from this, when treated with picric 
acid, yielded no precipitate, neither did caustic alkali give any pre- 
cipitate or "produce the odour of mercaptan; when the alkaline 
mixture was treated with a lead salt, no mercaptide was formed, but 
desulphurisation occurred on warming : 

The material precipitated by the action of water on the dissolved 
hydrochloride contained no chlorine and had lost all basic properties ; 
it was now insoluble in dilute hydrochloric acid, and did not yield a 
picrate. When recrystallised from dilute; alcohol, it formed long, 
colourless prisms, melting at 82—83° without effervescence. The 
solution in caustic alkali gave no mercaptan on heating, and when 
mixed with a lead salt was slowly desulphurised by boiling. 
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These phenomena are so nearly in accordance with those observed 
for the compounds of ethyl chlorocarbonate with phenylthiocarbamide 
and its congeners (Dixon and Taylor, Joc. cit.) as to leave no doubt 
that all belong to the same class, 

What occurs therefore in the attack by water may be explained as 
follows. Dissociation of the hydrochloride takes place, the hydro- 
chloric acid passing into solution! with liberation of the free base, 
either carboxymethyl-y-n-phenyl-v-allylthiourea, 


C,H,*NH*C(NPh)’S:CO,Me, 
or its tautomeride, carboxymethy]-v-phenyl-y-n-allylthiourea, 
PhNH’O(N-C,H,)S:CO, Me, 


which is unstable in presence of water, rrobably by reason of the feeble 
attraction between sulphur and the acidic group. In a case such as 
this, at least so far as we yet know, if neither of the nitrogen atoms 
of the thiourea be substituted, the acid group simply leaves the 
molecule by hydrolysis, whereupon the corresponding thiocarbamide 
is regenerated ; but if one be substituted, the acyl group now moves 
to it,and there becomes attached, so as te produce an aa-disubstituted 
thiocarbamide. In this particular inciznce, where both nitrogen 
atoms are substituted by different radicles, the acyl group might 
become attached to either, or distributively to both ; it was observed, 
however, that in the attack by caustic alkali, phenylthiocarbimide 
was always produced, a fact which gives some clue to the position of 
the phenyl group. For, when caustic alkali decomposes an aa-di- 
substituted acidic thiocarbamide, the interaction takes place almost 
quantitatively as follows : 


AcArN:CS:NH, = AcArNH + HSCN, 


That is, of the two hydrogen atoms available, one goes to form sub- 
stituted amide, the other yielding H*NCS, a compound which does 
not exist as such in contact with water, but passes rapidly into the 
form, H:SCN. If the behaviour of a trisubstituted derivative is 
similar, then, when the one remaining hydrogen atom has passed over 
to the disubstituted nitrogen atom to form the corresponding amide, 
there remains only CSN’R, a thiocarbimide, the radicle, R, being 
that originally associated with the hydrogenised nitrogen. Since, then, 
in the above decomposition, phenylthiocarbimide is produced (no 
thiocyanic acid could be detected), there is at least some ground for 
supposing the composition of the parent compound to be: 


C,H,*N(CO,Me)-CS‘NH-C,H,, 


unless it be the isomeric (or tautomeric) thiourea, from which at 
present there is no means of distinguishing it. 
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To check the composition of the supposed trisubstituted derivative, 
it was analysed : 
0°250 gave 0°239 BaSO,. S=13:1. 
C,,H,,0O,N.S requires § = 12°80 per cent. 


Ethyl Chlorocarbonate and Phenylallylthiocarbamide. 


By operating as described in the last case, precisely similar results 
were obtained, the end product being a crystalline, white hydro- 
chloride, melting with effervescence (due to the escape of carbon 
dioxide) at 96°: 

0°601 required 19°7 c.c. V/10 silver nitrate. Cl=11°6. 

C,,H,,0,.N,8,HCl requires Cl= 11°81 per cent. 

In all respects save one, the properties of this hydrochloride 
resembled those of the preceding, and hence need not be described in 
detail. The one point of difference was that the oily precipitate, which 
separated from the aqueous solution of the hydrochloride, did not 
solidify, even after remaining for some time at —8° and then for six 
months in a vacuum desiccator. Otherwise it resembled the methylic 
homologue, being gradually desulphurised, for example, by hot 
alkaline lead tartrate, without yielding any odour of wmercaptan. 
Trisubstituted thiocarbamides, containing hydrocarbon groups, are 
not desulphurised readily, if at all, by this treatment ; it is probable 
therefore that the change mentioned, which is markedly slower 
than in the case of the parent phenylallylthiocarbamide, is due to the 
withdrawal of the contained acyl group by means of the alkali. 

On analysis, the oil gave the following result : 

0°2664 yielded 0232 BaSO,. S=12-0. 

C,,H,,0,N.S requires S= 12°12 per cent. 
Hence it was a form of carboxyethylphenylallylthiocarbamide. 

In addition to the above, a number of experiments were conducted 
with the view of learning whether union could be effected of (1) benzyl 
chloride with acetylthiocarbamide, and (2) acetyl chloride with benzyl- 
y-thiourea, thus : 

AcNH:CS-NH, + C,H,Cl = AcNH:C(NH)-S:C,H,,HCl ; 
NH,°C(NH)-S-C,H, + AcCl = AcNH:-C(NH)-S-C,H,,HCl, 
and if so, whether the products would be identical or would differ 
from one another, owing vo the occurrence of tautomeric forms. 

Both these combinations, it was found, could easily be effected, 
the latter occurring vigorously when the constituents, dissolved in 
cold acetone, were mixed together ; in each case, a white, crystalline 
hydrochloride was isolated, and shown by analysis to be an additive 
compound. From each hydrochloride, too, a corresponding base was 
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liberated, the sulphur contents of which agreed closely with the figures 
calculated. ; 

Nevertheless, such considerable variations of melting point were 
encountered amongst the hydrochlorides that no definite conclusion 
could be drawn as to their identity or otherwise, and the same was true 
regarding the bases. The melting points of the latter were generally 
wanting in sharpness, overlapping one another somewhere in the neigh- 
bourhood of 140°; by recrystallisation (during which benzyl mercaptan 
was freely evolved), they could be made to coincide at 210—211°, the 
product, acetylcarbamide, resulting, no doubt, from the acetylcyanamide 
formed by loss of benzyl mercaptan : 

AcNH:C(NH)°S:C,H, =C,H,"SH + AcNH-CN, 

The compounds being so unstable that there seemed little prospect 
of isolating them in a really pure condition, the experiments in this 
direction were not pursued ; it may perhaps be added that continued 
work with benzyl mercaptan is very disagreeable. 

With benzylthiocarbamide in acetone, acetyl chloride gave a white 
hydrochloride, which became pasty even when kept in a desiccator, 
and had an odour of acetyl chloride. Ferric chloride gave with the 
aqueous solution no trace of red coloration; but on treatment with 
strong alkali, thiocyanic acid was produced in abundance, showing 
that the acetyl group had migrated to the benzylated nitrogen atom. 
The amount of material being small, no attempt was made to isolate 
the aa-acetylbenzylthiccarbamide. The isomeric «ab-compound, 
produced by Werner (Trans., 1891, 59, 562) from benzylthiocarbamide 
and acetic anhydride, gives no thiocyanic acid when treated with 
alkali. 


Summary and Conclusion. 


Briefly put, the main results of the present inquiry are as follows : 

(1) When an ordinary acylogen, R°CO-X (X=halogen), unites 
with phenylthiocarbamide, the product is a derivative of phenyl- 
thiourea, PhaNH:*C(NH):SH, having the form; 

PhNH-C(NH):S:COR. 

If, however, the acylogen contains a second halogen as substituent in 
the aliphatic nucleus, R, the interaction takes place differently, the 
sulphur atom now becoming engaged, not with the carbon of the CO 
group, but with the other carbon atom which originally was halogen- 
ised; concurrently, the halogen of the group ‘CO-X withdraws 
hydrogen from the non-phenylated nitrogen, and ring-closing occurs 
with production of a substituted “ thiohydantoin.” 

(2) Acetyl chloride behaves with allylthiocarbamide precisely as 
with monosubstituted arylthiocarbamides, yielding a hydrochloride, 
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C,H,*NH:C(NH)-SAc,HCl, the acetyl group of which may be caused 
to migrate within the molecule so as to yield, first, 
C,H,*NAc’CS:NH,, 

and then C,H,*NH:OS:NHAc ; the latter compounds melt at 96° and 
74° respectively. 

(3) With «ab-phenylallylthiocarbamide, acetyl chloride yields 
“ N-phenylpropylene y-thiourea,” PhNHO<” a the acetyl 
group being eliminated. 

(4) ab-Phenylallylthiocarbamide unites with methyl chloro- 
carbonate to form a hydrochloride, probably 

C,H,*NH:C(NPh):S-CO,Me, HCl ; 
by mere dissolution in water, this substance loses hydrogen chloride, 
the carboxymethy!] group thereupon migrating to yield a trisubstituted 
thiocarbamide, probably C,H,*N(CO,Me):CS‘NHPh. With ethyl 
chlorocarbonate, similar combinations are obtained. 
CHEMICAL DEPARTMENT, 
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IV.—Condensation of Ketones Containing the Group 
*CH,"CO’CH: with Esters in Presence of Sodium 
Ethouide. 


By Reainatp W. L. Ciarke, Artaur Lapwortn, and ELKAN 
WECHSLER. 


THE acetoacetic ester condensation, in its most general form, is that 
which occurs when a carboxylic, nitrous, or nitric ester (class E) 
is brought into contact with a ketone, carboxylic ester, or nitrile 
(class K) containing the group ‘CH:CO:, or :CH-CN, in presence of 
sodium ethoxide, sodamide, sodium, or similar agent. The question 
of its mechanism has been the subject of much controversy and is 
associated with numerous investigations.* 


* Geuther, Jahresber., 1863, 323; Zeitsch. f. Chem., 1868, 11, 652; Frankland 
and Duppa, Phil. Trans., 1866, 156, 37; Annalen, 1866, 138, 204, 328; Kolbe, 
Zeitsch, f. Chem., 1867, 10, 637 ; Wislicenus, Annalen, 1877, 186, 163; Baeyer, 
Ber., 1885, 18, 3640 ; Duisberg, Ber., 1883, 16, 133; Claisen and Lowman, Ber., 
1887, 20, 651; 1888, 21, 1154; Brémme and Claisen, ibid., 1888, 21, 1132; 
Claisen, ibid., 1894, 27, 114; 1905, 38, 708; also Annalen, 1893, 277, 184; 
1896, 291, 25; 1897, 297, 92; Michael, J. pr. Chem., 1888, [ii], 37, 507 ; Ber., 
1900, 38, 3731; 1905, 31, 1922; Nef, Annalen, 1897, 298, 319; Dieckmann, 
Ber., 1900, 38, 2670 ; Lapworth, Trans,, 1901, 79, 1269; 1902, 81, 1512; Proc., 
1903, 19, 190. 
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In spite of all evidence against it, Claisen’s theory of the 
mechanism of the condensation (Ber., 1887, 20, 646; 1888, 21, 
1154) is still the one most frequently cited. The theory was 
advanced at ‘a time when the general rule appeared to obtain that the 
substances of class K (above) must contain the group *CH,°CO*, or 
CH,°CN, and fell to the ground when Dieckmann explained the 
apparent absence of reactivity in compounds containing the group 
:CH:CO-, or ;CH-°CN (Ber., 1900, 33, 2670), and Perkin and Thorpe 
discovered a case which could not possibly be explained by Claisen’s 
proposition (Trans., 1900, 79, 736 and 737). 

In the work described in the latter part of the present paper, it is 
shown that certain simple ketones containing the group 

:-CH:CO-CH,:, 

when submitted to the action of an alky] nitrite under the onnsbtibiines 
which with other esters lead, as usual, to attack at the -CH,° group, 
are affected only at the :CH* group, and an explanation of this is 
afforded readily enough on general grounds and in the light of 
Dieckmann’s experiments. Claisen’s theory, however, is not appli- 
cable, and in this connexion his own words may be quoted: “Zu 
verwerfen sind natiirlich alle Vorstellungen, mit denen nur einzelne, 
nicht alle dieser Estercondensationen erklirt werden” (Ber., 1905, 
38, 715). 

Other views of the acetoacetic ester condensation have assumed a 
preliminary conversion of the compounds of class K into their 


C-sodium derivatives, Na: C: CO-, or Na: G: ON (Frankland and Duppa, 


Annalen, 1883, 219, 128 ; Baeyer, Ber., 1885, 18, 3640; compare 
also Michael in numerous papers already cited), but seemnils the 
tendency has grown among chemists to suppose that the metallic deriv- 
atives of ketones, nitriles, &c., when they exist, are derived solely from 
the enolic forms, and such is doubtless the case with the solid com- 
pounds ; consequently, efforts have been made to explain the apparently 
anomalous reactions of these Q-sodium derivatives as involving 
additions at the double linking, for example : 


>C:C-ONa+CH,I -> >CMe-G-ONa —> >CMe-CO+Nal 
I 


(Michael, J. pr. Chem., 1883, [ii], 27; 487 ; 1892, [ii], 46, 205 ; 1899, 
[ii], 60, 316), or, as the result of isomeric change in pre-formed 
O-substituted compounds : 

>C:0-0°CH, —> >CMe-C:0 
(compare Claisen, Ber., 1905, 38, 714, where such a change is 
assumed as a part of the mechanism of the acetoacetic ester 
synthesis). 
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Serious objections can be urged against such explanations, and we 
venture here to draw attention once more to what appears likely to 
prove the most satisfactory view, namely, that isomeric change is 
involved, but that it is to be looked for in the ions of the metal 
derivative (Wislicenus, “Tautomerie,” Ahrens’ Vortrdge, 897 et seq; 
Knorr, Annalen, 1896, 293, 38; Lapworth and Hann, Trans., 1902, 
81, 1512; 1904, 85, 48; Lapworth, Proc., 1903, 19, 190) or in 
the sodium derivative itself (Lander, Trans., 1903, 83, 420). It 
may here be noted that Briihl has brought forward some evidence that 
metallic derivatives of camphor can actually be isolated in both the 
C- and O-forms (Ber., 1904, 37, 2170). 

Apart altogether from the conception of electrolytic dissociation, the 
exceptional lability of metals, and especially those of the alkalis and 
alkaline earths as exemplified by the almost universal and instanta- 
neous reactivity of the metallic salts and even organo-metallic com- 
pounds, is sufficient to render it likely that they must be more labile 
than any other types of atoms or groups. Lander’s proposition may 
usefully be employed as an alternative to the earlier ionic one, being 
especially attractive, since Kahlenberg’s experiments with the oleates 
in which the metals exhibit their instantaneous lability in spite of 
the absence of noticeable dissociation. 

From this standpoint, there is, in solutions of the sodium deriv- 
atives of B-keionic esters and allied compounds, a virtual or real 
equilibrium between the O- and C-sodium derivative : 

:0:CONa <-> :CNa-CO, 

and this may be at once extended to the metallic derivatives of other 
compounds containing the groups ‘CH:CO*, ‘CH°CN, :CH'NO,, &e., 
and, where amines are employed as catalytic agents in promoting 
condensations with such compounds, then the ammonium radicle, 
NR,H-°, may be supposed to functionate as a metal. For convenience, 
however, in the following lines, the univalent metal or ammonium 
radicle functionating as the positive, labile, “ polar” portion (compare 
Abegg, Ber., 1905, 38, 4112 et seg.) will be represented by the 
symbol M. 

The real or virtual existence of C-metallic derivatives of the 
compounds of class K (see p. 30) having been postulated, a satis- 
factory explanation of the acetoacetic ester condensation, as well 
as of a large number of other reactions which occur with the 
compounds of class K in alkaline media, follows without difficulty. 
The C-metallic derivatives should exhibit the characters of organo- 
metallic compounds proper, and a little consideration of the facts 
shows is to be the case, for the reactions of the metallic derivatives 
of ketones, and class K generally, are either those of phenols (enols) 
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or of organo-metallic compounds, although, in the latter instance, 
developed to a less marked degrea owing to their lower potential 
consequent on the more “negative” character of the organo- 
radicle (Michael). 

In the present instance, the question under consideration is that of 
the reactions of the isomeric M-derivatives with carbonyl and cyano- 
groups. Organo-metallic compounds proper are characterised by the 
extraordinary facility with which they form additive compounds with 


substances containing the carbonyl group : 


>C:0+M-Alk —> >C< rod 


and analogous compounds are formed by addition to -CN, *SO,°, -N:O 
groups. 

The C-metallic derivatives of ketones, esters, nitriles, and nitro- 
paraffins behave in the same way : 


OM 
>0:0+M-6-00 <> >C<4.60 . 


the change, when it ceases here, being known as the aldol condensa- 
tion, and being to some extent reversible. ‘The carbonyl compound 
>C:0 virtually selects the C-metallic derivative rather than the 
0-derivative, but merely because the products of its condensation with 
the latter : 

OM 


>C:0 + MO-C:0 <> Tn ot 
are of a type eminently unstable and revert at once to their generators. 
The aldol condensation when brought about by bases may thus itself 
be regarded as an instance of the general reaction between organo- 
metallic compounds and substances of class K, and, moreover, is 
recognised as a necessary stage in a very large number of reactions 
to which special names have heen attached, such as the croton- 
aldehyde condensation, the Perkin synthesis, and others. 

The acetoacetic ester condensation is also clearly only a particular 
case of the interaction of esters and organo-metallic compounds. 
Thus one of the latter acting on ethyl formate yields an aldehyde: 


ORD C:0+M-[Alk] —> of o> CSP] _> H-CO-[Alk] + M-OEt, 
whilst with the C-metallic derivative of a carbonyl compound precisely 
the same type of change occurs : 

OM 


X . xX 
ORC + M[-C-C:0] —> QR PCS i.0:0] —> 
X-CO-|C-C:0] + M-OEt, 
a B-diketone or B-ketonic ester being formed. 
VOL, XCIII. D 
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Confusion has probably arisen simply because the product in 
the latter instance is, from its very nature, prone to further change, 
but the substances isolated are exactly those which the compound 
X-CO-C-0:0 would yield under the experimental conditions. With 
the latter point, Dieckmann has already dealt (oc. cit.), and reference 
may be made to his paper, but the following forms a very brief 
summary of the possibilities. 
Representing the above condensation product as 
WwW 
XCO-G-C0-Z, 
Y 
then 
1. (a) If X, W, Y, and Z are all alkyl groups, the compound 
is unstable under the experimental conditions, and falls into its 


generators : 
WwW 


X-CO-OEt + H:0-CO-Z, 
Y 
by reversal, or (4) might break up into two new compounds : 
WwW 
X-CO-C:H + OEt-CO*Z. 
Y 

2. If either W or Y is a hydrogen atom, then the substance is 
converted by the metallic alkyl oxide into a stable metallic derivative 
of the enolic form, reversal thus being obviated. 

3. If Z (or X ?) has the structure ‘*CHR-CO-R’ or -CHR:CN, then, 
even if W and Y are both alkyl groups, a stable metal enolic 
derivative may be formed and reversal inhibited. 

Case 1 (a) has been dealt with by Dieckmann (loc. cit.), but case 
1 (6) has not yet been observed. Case 2 is the ordinary acetoacetic 
ester type of synthesis so fully elaborated by Olaisen. Case 3 is that 
noticed by Perkin and Thorpe (Trans., 1900, 79, 736 and 737). 

The condensations dealt with in the present paper were made with 
ketones containing the groups -CH,CO-CH and CH,"CO'C:C respect- 
tively, the ester with which they were made to react being a nitrous 
and not a carboxylic ester. It has usually been supposed that, as with 
other esters, these condense only with ketones which contain the 
group *CH,°CO-, but such is, in reality, not the case. In the 
instances we have examined, attack appears to be directec almost 
exclusively at the :CH-CO> group. 

The behaviour of menthone with alkyl formates, on the one hand, 
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and alkyl nitrites, on the other, is very instructive. In the former 
instance, the initial products may be either 
CH. ¢ O(CHMe,): CHO CH,—-CH(CHMe,) 
CH, CO or CH, GO 
GHMe-OH, CHMe:CH:CHO 
Of these, the former is perhaps formed more rapidly than the other 
at first, but belongs to a highly unstable type and readily falls into its 
generators, yielding, by absorption of alcohol, alkyl formate and 
menthone. The latter, however, is rendered stable by conversion into 
the sodium derivative of the enolic form, which the former cannot 
yield. 
With alkyl nitrite, the corresponding forms are : 
CH,—-C ‘Me,)-NO CH,-—CH(CHMe,) 
CH, CO and CH, GO 
CHMe-CH, CHMe:CH-NO 
and here the former type does not revert to its generators, owing 


no doubt to the greater stability of the linking ‘ON O compared 


with O: CO-. Asa result, itis at the grouping "C CO that re-absorp- 


tion of the elements of alcohol occurs, and the next products in succes- 
sion are; 
CH 9” —~CH(CHMe,)-NO CH,——C(CHMe,):N-OH 
CH, CO,Et —> CH, CO,Et , 
6HMe-OH, CHMe:CH, 

The compound obtained as the product of the reaction, on removing 
alcohol, neutralising, and extracting, has the properties of an ester, and 
this, if boiled with alkalis, is converted into the same hydroximino-acid 
as is obtained by treatment of menthone with amyl nitrite and hydro- 
chloric acid, but the yield in the latter instance is comparatively very 
poor. 

The first observation of this apparently anomalous behaviour of 
nitrous esters when used in conjunction with sodium ethoxide was 
made by Hantzsch (Ber., 1887, 20, 579 ; compare also Dieckmann, 
Ber., 1900, 33, 579), but referred to a-monosubstituted {-ketonic 
esters, and he does not attribute any special significance to his results, 
probably because such compounds are resolved in so many different 
ways at the point between the a- and B-carbon atoms. ‘The compounds 
dealt with in the present paper are simple ketones, and the investiga- 
tion was undertaken with the object of finding an explanation of the 
results obtained when an attempt was made to prepare tsonitroso- 
cyanodihydrocarvone (Lapworth and Wechsler, Trans., 1907, 91, 978 
and 1919). Here we were forced to the conclusion that attack took 

D 2 
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place, not at the -CH,*CO- group, but exclusively at the -CH-CO- 
complex. 
From pulegone (I), by similar treatment, we obtained an ester 
having the structure (II) : 
CH. ,-,~—-CO—-CH, ‘H 
H>CC< og. CH. 2>CH:CH 
(I.) 
NOH CO, Et 
, CH, 
oH Tc Oop CH > CH CHy 
(II. 5 
so that a migration of a hydrogen atom from the side-chain to the 
a-carbon atom must have occurred at an intermediate stage; in other 
words, a partial conversion of pulegone into isopulegone seems to 
have taken place. 
The constitution of the product was determined by oxidising the 
acid with permanganate, when it was found to be converted into 
formic, acetic, nitrous, and B-methyladipic acids : 


NOH C0,H 
OHO CoH -c OH H:S0H-CH,+60+H,O —> 
, ps, H 
CH,-CO,H + CH,0, + HNO, + COlH. cypy_ on HSS OH: CH,. 


Other compounds examined in respect to their behaviour with nitrous 


HBr 
esters and sodium ethoxide were a-bromocamphor, CHi<bo : 


which reacted readily, but yielded ordinary isonitrosocamphor, and 
fenchone which was unchanged, although a variety of conditions was 
imposed, and thus further support is offered to the contention of 
Semmler (Ber., 1906, 39, 2581) that fenchone contains the grouping 
C C 

O50. CO: oCo. 
C C 


EXPERIMENTAL. 


Action of Amyl Nitrite on Menthone in Presence of Sodium 
Ethoxide. 


In the first experiments on this reaction, it was found tha __. oily 
substance only ,was obtained if the product was isolated merely by 
dilution and extraction with solvents. This oily material, it was 
noticed, evolved a considerable quantity of amyl alcohol when treated 
with alkalis or acids, and this led to the surmise that esters were 
present, so that the following process was adopted. 
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Menthone was added to an ice-cold solution of slightly more than 
one atomic proportion of sodium in absolute alcohol, and subsequently 
a molecular proportion of amyl nitrite was introduced at such a rate 
that the temperature did not rise more than one or two degrees 
above zero. After standing in the cold for some hours, the whole 
was distilled with the aid of a current of steam until the distillate 
was odourless, the resulting liquid being then agitated with a little 
animal charcoal and filtered. Hydrochloric acid was next added to 
the cooled solution until no further precipitate formed, the oily sub- 
stance which separated being allowed to solidify, when it was removed 
and crystallised from methyl alcohol. In this way, 75 grams were 
obtained in a nearly pure state from 85 grams of menthone : 
0°3102 gave 0°6738 CO, end 0:2644 H,O. C=59'3; H=9°5. 
0°2153 ,, 15°45 ¢c.c. moist nitrogen at 14° and 746 mm. N=7'l. 

C,,H,,0,N requires C=59°7; H=9'5 ; N=7-0 per cent. 
0°961 required 47°71 cc. V/10 NaOH for neutralisation, whence the 
equivalent = 204 (calculated = 201). 
As the properties of the acid agreed closely with those of the 
oxime of B¢-dimethyloctan-e-onoic acid, obtained by the action of 
amyl nitrite on menthone in presence of acid as catalyst, some of that 
oxime was prepared by the latter process. No difference between the 
two substances could be detected, and their melting points were 
unaltered on admixture. The following new derivatives of the acid 
were prepared. . 
The p-nitrophenylhydrazone formed a bright yellow, crystalline 
powder melting at 130°: 
01059 gave 11:9 c.c. moist nitrogen at 16° and 758 mm. N=13'l. 
C,,H,,0O;,N, requires N=13:1 per cent. 

The semicarbazone was obtained in small, white crystals : 

0°1208 gave 18:1 c.c. moist nitrogen at 15° and 773 mm. N=17'8. 
C,,H,,0,N, requires N = 17°3 per cent. 

These compounds were formed on warming the oxime with aqueous 
solution, p-nitrophenylhydrazine acetate, and semicarbazide acetate 
respectively, the hydroxylamine being eliminated with great ease. 


Action of Amyl Nitrite on Pulegone in Presence of Sodium Ethowide. 


This reaction was carried out in a manner similar to that described 
in the case of menthone, but, as the esters formed appeared to be more 
stable, the product, some hours before the steam distillation, was mixed 
with an excess of strong aqueous potassium hydroxide. The material 
which separated on acidifying the aqueous residue at the end of the 
steam distillation was very gummy, and it was found necessary to 
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purify it by dissolving it in ether and extracting the acidic matter 
from this by shaking it with sodium carbonate solution. After 
dissolved ether was removed from the alkaline liquid, hydrochloric acid 
precipitated a viscid mass, which slowly became semicrystalline after 
trituration with acetic acid. The solid portion was the oxime of a new 
acid, which we propose to term “ isopulegonie acid,” in order to indi- 
cate its near relationship to isopulegone. It was finally purified by 
crystallisation from dilute methyl alcohol : 

0°2070 gave 0:4604 CO, and 01646 H,O. C=60-'7; H=8'8. 

01538 ,, 9:9 c.c. moist nitrogen at 18° and 738 mm. N=7°2. 

C,,H,,0,N requires C= 60°3 ; H=85; N=7-0 per cent. 
0°4115 required 20°5 c.c. V/10 NaOH for neutralisation, whence the 
equivalent = 201 (calculated = 199). 

The compound is readily soluble in methyl or ethyl alcohol, ether, 
benzene, chloroform, ethyl acetate, or carbon disulphide, but dissolves 
only sparingly in light petroleum or hot water. It melts at 85°. 
When heated above its melting point, the compound decomposed, 
ammonia and an unpleasant smelling vapour being evolved. It reduces 
a hot ammoniacal solution of silver nitrate, but has no effect on 
Fehling’s solution unless it has been previously heated with a mineral 
acid, when the product reduces this solution in the cold, a behaviour 
which indicates that the substance is the oxime of a ketonic acid, 
The compound gave no crystallisable compound on acetylation. 
Attempts to obtain a specimen of the pure ketonic acid in a state 
suitable for analysis were unsuccessful. When it was warmed with 
hydrochloric acid, the product cooled, and extracted with ether, an oil 
was removed in small quantity in which the presence of a ketonic acid 
was proved by warming it with aqueous semicarbazide acetate. The 
semicarbazone separated as a white solid, and, after repeated crystal- 
lisation from alcohol, melted at 160°: 

0°1060 gave 15:2 c.c. moist nitrogen at 9° and 757 mm. N=17°2. 

C,,H,,0,N:NH-CO-NH, requires N =17°4 per cent. 

Unlike the allied oxime of #f-dimethyloctan-e-onoic acid, the 
hydroximino-acid from pulegone is too stable to yield the semicarb- 
azone or p-nitrophenylhydrazone when merely warmed with the 
acetates of the corresponding bases. 


Oxidation of the Oxime of isoPulegonic Acid. 


As it was found impracticable to isolate pure pulegonic acid, the 
experiment of oxidising the pure oxime itself was undertaken. Twelve 
grams of that compound were dissolved in a solution of sodium 
carbonate, and to the ice-cold solution was added very gradually a 
2 per cent. solution of potassium permanganate, The colour of the 
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latter at first disappeared instantaneously, and the addition of the 
oxidising agent was continued until an appreciable interval elapsed 
between its introduction and the disappearance of the pink colour, 
which was the case when about 1} litres had been used. The liquid 
was then freed from manganese dioxide in the usual manner, evaporated 
to a bulk of about 100 e.c., mixed with carbamide, acidified with 
sulphuric acid, and distilled in a current of steam. 

(a). Volatile Acid Products.—The odour of fatty acids being percep- 
tible, three-fourths of the distillate was neutralised with normal sodium 
hydroxide, mixed with the remaining fourth, and the whole evaporated. 
The residue had the appearance of sodium acetate, and geve an ester 
having the odour of ethyl acetate on treatment with sulphuric acid and 
aleohol; it was therefore redissolved in water, mixed with silver 
nitrate solution, and the silver salt which separated was washed, dried, 
and analysed : 

03066 gave 0°1981 Ag, whence the equivalent of the volatile acid 

was 60°1, the equivalent of acetic acid being 62. 

The solution from which the silver salt had been removed blackened 
considerably on standing, a fact indicating the presence of a small 
quantity of formic acid. 

(b). Non-volatile Productz.—The liquid from which the volatile acids 
had been removed was ¢ idified, extracted repeatedly with ether, 
which was afterwards washed with a little water, dried, and 
evaporated, the residue being freed from alcohol by frequent evapora- 
tions with water. A semi-solid mass was finally left which was found 
to yield a considerable quantity of a sparingly soluble copper salt, and 
the whole was therefore dissolved in water, neutralised with ammonia, 
and mixed with copper acetate, the precipitated copper salt being 
removed, washed with water, and decomposed with hydrogen sulphide 
in the usual way. In this manner, a semicrystalline material was 
obtained which was freed from adherent oil and crystallised repeatedly 
from ethyl chloride and light petroleum : 

0°1511 gave 0°2920 CO, and 0°1047 H,O. C=52'7; H=7°7. 

C,H,,0, requires C=52°5 ; H=7°5 per cent. 
0°1232 required 15-7 c.c. V/10 NaOH for neutralisation, whence the 
equivalent = 78°4, whilst a dibasic acid, C,H,,0,, has the 
equivalent 80:0. 


The substance was readily soluble in most of the organic solvents 
with the exception of light petroleum, and separated in slender needles 
melting at 84—85°. It did not yield an anhydride when heated at 
200°, and had all the characters of 8-methyladipic acid. 

To confirm the production of formic acid during the above oxidation 
a specimen of the pure oxime of isopulegonic acid ‘was boiled with dilute 
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sulphuric acid and potassium dichromate, and the distillate, which had 
a faint odour of formaldehyde, collected. The presence of form- 
aldehyde was confirmed by adding hydrochloric acid and phloroglucinol 
to a portion of the liquid, when a pink colour developed. The 
remainder of the distillate was neutralised with sodium carbonate, 
evaporated, and tested for formate with ammoniacal silver nitrate and 
with mercuric chloride, and in both cases a positive result was obtained. 

No appreciable quantities of products other than nitrous, formic, 
acetic and fB-methyladipic acids could be detected as oxidation 
products. 


Action of Amyl Nitrite on a-Bromocamphor in Presence of Sodium 
Ethowide. 


When a-bromocamphor was subjected to treatment in the manner 
described in the case of menthone, rapid action occurred, and potassium 
bromide separated in considerable quantities. The product was dis- 
tilled in a current of steam, when much unchanged bromocamphor 
passed over, and the residue, which was yellow, gave a solid pre- 
cipitate on neutralisation. This was collected and crystallised from 
alcohol, when it was found to melt at 152—154°; it was insoluble in 
solutions of alkali carbonates, although freely soluble in sodium 


hydroxide, and was therefore not a carboxylic acid. It contained 
nitrogen, gave camphorquinone when boiled with formaldehyde and 
hydrochloric acid, and had all the other characteristics of ordinary 
isonitrosocamphor. 

Fenchone did not react with alkyl nitrites under the conditions 
adopted in any of the experiments above described. 


Much of the cost of the investigation was defrayed by a grant 
awarded by the Research Fund Committee of the Chemical Society, 
for which we wish to express our indebtedness, 
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V.—The Electrometric Determination of the Hydrolysis 
of Salts. 


By Henry Georce Dennam, M.A., M.Sc., 1851 Exhibition Scholar, 
University of New Zealand. 


Introduction. 


Numerous methods have been employed for measuring the amount of 
hydrolysis in salt solutions. Amongst the most important of these 
may be mentioned those depending on the determination of the 
inversion of sucrose, the hydrolysis of meth. acetate, electrical 
conductivity, lowering of freezing point, and distribution between 
two solvents. These methods have been employed in the researches 
of Ley (Zeitsch. physikal. Chem., 1899, 30, 193); Bruner (Zeitsch. 
physikal. Chem., 1900, 32, 133); Walker and Aston (Trans., 1895, 
67, 576); Bredig (Zeitsch. physikal. Chem., 1894, 13, 289) ; Kahlen- 
berg, Davis, and Fowler (J. Amer. Chem. Soc., 1899, 21, 1), and 
Carrara and Vespignani (Gazzetta, 1900, 30, ii, 35. 

None of these methods is really satisfactory for the measurement 
of very small concentrations of hydrogen ions, and, although Bredig 
and Fraenkel (Zettsch. Hlektrochem., 1905, 11, 525) have - ‘ently 
described a new method whereby concentrations of hydrogen ions 
down to W/10G0 can be accurately determined, nevertheless the 
presence of neutral salts produces a disturbing effect, thus rendering 
the practical applicability of the method rather difficult. 

In the present paper, the hydrogen electrode has been used for the 
purpose of determining the concentration of the hydrogen ions in 
aqueous salt solutions. This method is particularly suitable whea 
we are dealing with very small concentrations, and it therefore 
promised to be very useful in many cases when the methods hitherto 
employed become difficult of application. It suffers, however, from 
the disadvantage that it cannot be employed in the case of the salts 
of metals less “noble” than hydrogen, nor in the case of multivalent 
cations (such as Fe"’*) which are reduced by hydrogen to cations of 
smaller electrovalency, nor is the method admissible in the case of 
salts with'reducible anions as NO,’, ClO,’. During the course of 
this work, papers have been published by Bjerrum, in which the same 
method has been employed in the study of solutions of chromium 
chloride. Reference will be made to these later. 
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The Equilibrium Equations of Progressive Salt Hydrolysis. 

In dealing with the salts of multivalent cations, the hydrolysis may 
occur progressively in several stages, to each of which correspond 
definite equilibria. If aluminium chloride is taken as an example, the 
progressive stages of the hydrolysis may be represented by the three 
following purely stoichiometric equations : 

AIC],+H,O =AICI(OH)+ HCL ....... (i) 
AIC], +2H,O0 =AIC(OH),+2HCl . . . . .. . (2) 
AlC],+3H,O=AK(OH), +3HCl . . .... =. (8) 

The mechanism of equation (1) may be represented by the two 
ionic equilibria : 

(AICI,)°+OH’ = AICI(OH). . . . . +. ae 
meuesBO.. 2. s+ se rennin s & 

which may be combined in the simple equilibrium equation : 
(AICI,)’+H,O = AIC](OH)+H" . . . .. . . (16) 

Denoting molar concentrations by square brackets, we have from 
(la) and (4): 


[AICI,'].[OH']=%[AIC](OH)} . . ... 2. . @) 
OS See eee ee 


and therefore 


falcl,"] = Piao OMH]. 2... 


If we now make the simplifying assumptions that aluminium 
chloride and hydrochloric acid are completely ionised according to 
the equations : 

AIC], =< AICI," + CI, 
HCl = H’'+Cy?l, 
and if wv denotes the molar dilution of the “total” aluminium 
chloride (hydrolysed and non-hydrolysed), and a the fractional 
amount hydrolysed, it follows from the above equations and assump- 
tions that 


[ AICI, q=5=5, [H'] =[AI01,(0H)] =<, 


whence from (7) we have 


ea Ky 
Oe 6 6 ae ww x wo oe ee 
(l-«)o - ajo kon . (8) 


It must be observed that x denotes the fractional amount of 
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hydrolysis according to the first stage (equation 1), and that the 
validity of the equations, [H"]=[AICI,(0H)} == depends on the 


usually made assumption that the value of [H‘] is very considerably 
greater than the value corresponding to the dissociation of pure water, 

This “first-stage” hydrolysis is due to the formation of the 
relatively undissociated basic salt, AIC],(OH), which may be regarded 
as the hydroxide of the complex cation (AIC],’). 

Let us now imagine a state of affairs wherein the hydrolysis corre- 
sponds to the stoichiometric equation (2), that is to say, to the forma- 
tion of the relatively undissociated basic salt, AlC](OH),. 

Regarding the latter as the hydroxide of the complex cation AICI", 
we might suppose that the second-stage hydrolysis would correspond 
to more dilute solutions, wherein the dissociation of the aluminium 
chloride would proceed chiefly or largely according to the equation : 

AIC], = AICI" + 2Cl’. 

Assuming that the dissociation of the aluminium chloride according 
to this equation is complex, and denoting by x the fractional amount 
of hydrolysis according to equation (2), we obtain 
[alcr’]=1=*, [a1cyon),] =", [H ]= =" 


v 
The second-stage hydrolysis being controlled by the equilibrium : 
AICl"+2(O0H)’ == AICK(OH),. . . . . « » « +» () 
together with (6), yields the equations : 
[A1Cl"][OH’}? = %;,[ AIC](OH),|] and 


[Alor] = #2, .[AICI(OR),]. [H'P, 


which, on the above assumptions, gives 


se Ef 
a Ee 8 oe + 
The third-stage hydrolysis corresponding to the stoichiometric 
equation (3) may be dealt with in a similar way. Assuming complete 
dissociation of aluminium chloride according to the equation 
AIC], = Al +3C!’, 
a hydrolysis controlled by the dissociation equilibrium ; 


Al“ +30H’ = Al(OH), 
we have [Al]. [OH’ =%;,{[ Al(OH).] 


[Al] = 74{AKOH),] -[H'F, 
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and therefore, since [Al] = 1 ‘ = [ Al(OH),] = =, and [H ]= = 


a x, _-, 
epee Hie, « +s « 6 # # os » « « BORE 
(l—«a)v3 27ky; (11) 

For a chloride of a bivalent cation, the first-stage hydrolysis corre- 
sponds to equation (8), and the second stage to equation (10). 

In the case of a sulphate of a tervalent cation, such as aluminium, 
the stoichiometric equations representing the progressive hydrolysis 
are: 

Al,(SO,), + 2H,0 = Al,(SO,),(OH), + H,SO,, 
Al,(SO,), + 4H,O = Al,(SO,)(OH), + 2H,S80,, 
Al,(SO,), + 6H,0 = Al,(OH), + 3H,SO,. 


Corresponding to the first of these equations, we have the dissociation 
equilibrium : 
Al,(SO,)" + 20H’ = Al1,(SO,),(OH),, 
which leads to 
[Al,(S0,)"] . [OH’P = ky[Al,(80,),(OH), }. 


Assuming complete dissociation according to the equations : 


H,SO, = 2H" +80,” 
Al,(SO,)3 = Al,(SO,)." + S0,", 


and putting 2=fractional degree of hydrolysis, we obtain as _ the 
equation for the first-stage hydrolysis : 


a3 a ‘4 
(l—a)e? 4h, 3° 
It might be possible to write the dissociation equilibria, also, as 
follows : 
Al,(SO,), — 2A1SO,°+S0,” 
AISO, + OH’ = Al(SO,)(OH), 


leading thus to the equations : 


[AISO,"] . [(OH’]=-»,[ AISO,0H] 
[A1SO,"] =" [AISO,0H]. [1]. 
Kw 


-*) [A1s0,0H] =2” 
0 0 
thus the equation corresponding to the first-stage hydrolysis would be 


2(1 


In this case, [AISO,"] = ay 
i v 


2 
x ee ae ees 


(l-x)v 2%, | 
On this view, the corresponding stoichiometric equation would be: 
Al,(SO,)3 + 2H,O = 2A1(SO,)(OH) + H,SO,. 
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Corresponding to the second-stage hydrolysis, we get by similar 
reasoning the equation : 
a K,* 
Bs =K,. 
(l—a)ot 256k, 7 
where ky, is the dissociation constant of the basic salt, 
Al,(S0,)(OH),, 


dissociating into the ions Al,SO,"” and 40H’. 
In the case of the third-stage hydrolysis, it is possible ;to write the 
stoichiometric equation : 


Al,(SO,), + 6H,O = 2Al(OH), + 3H,SO,,. 
The hydrolysis in this case may be supposed to be controlled by the 
dissociation equilibrium, 
[Al ][OH’} = ky,{ Al(OH). ). 


Assuming a complete dissociation of Al,(SO,), ‘according to the 
equation : 


Lee dih gS ipend cyeriamcgh eg aan 


Al,(SO,),=2Al™ +380,’, 


we arrive at the equation : 


3 
| LO Ee 


—" 
Shp, 


(L=a)o8 
where 2 is the fractional degree of hydrolysis according to the above 
equation. 

In the case of a sulphate of a bivalent cation, there is only one stage 
of hydrolysis possible, and to this corresponds a cubic equation in of 
the same form as equation (10) or (12). Similarly, for the sulphate of 
a univalent cation, the equation of hydrolytic dissociation is the same 
as (8). 

In attempting to test any of the equations given in the preceding 
paragraphs, three points must be borne in mind. In the first place, 
certain simplifying assumptions have been made with respect to the 
nature and degree of the ionisation of the salts and acids involved. 
In the second place, the stages of the progressive hydrolysis considered 
may not be shar~ly marked off, with the result that a superposition of 
the different equilibria may occur. Finally, the solubilities of the 
basic salts or hydroxides may be overstepped, so that heterogeneous 
equilibria are produced. Furthermore, if, as very often happens, the 
basic salts or hydroxides separate in the form of colloidal pseudo- 
solutions or suspensions, it may be expected that no definite equilibria 
will be obtained. 

The second and third of these difficult.s reside in the nature of the 
phenomena themselves, and cannot be surmounted. The first difficulty 
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mentioned may, however, be obviated to a certain extent by intro- 
ducing suitable corrections. Thus in the preceding theory the total 
concentration of the acid that must be produced according to the 
stoichiometric mass-relationship has been identified with the concentra- 
tion of the hydrogen ion. ‘This will, however, not in general be true, 
even for the highly dissociated mineral acids. In the case of the 
chlorides of chromium and aluminium dealt with below, a correction has 
been made for the undissociated hydrochloric acid on the assumption that 
the percentage amount of undissociated acid would be the same as in 
a pure hydrochloric acid solution of the same total concentration of 
chlorine ions. In the case of the sulphate of aluminium, it has not 
been possible to apply a similar correction, owing to the want of 
sufficiently secure data concerning the dissociation of the ion HSO,’. 


Apparatus and Method of Measurement. 


The hydrogen electrode employed was constructed after the type 
described by Wilsmore (Zeitsch. physikal. Chem., 1900, 35, 296). The 
other half-element consisted of a normal mercurous chloride electrode. 
The hydrogen and mercurous cliloride electrodes were connected by a 
saturated solution of ammonium nitrate, which Abegg and Cumming 
(Zeitsch. Elektrochem., 1907, 13, 17) have recently shown to annul the 
liquid potential difference. The rest of the apparatus consisted of a 
slide-wire bridge, accumulator, cadmium cell, and Lippmann electro- 
meter. The temperature at which the experiments were carried out 
was 25°, constancy of temperature being secured by a suitable water- 
thermostat. The hydrogen used for saturating the electrode was 
prepared from electrolytic zinc and pure dilute sulphuric acid, and 
passed through a washbottle containing an alkaline solution of potassium 
permanganate. 

The solutions were always prepared from conductivity water 
(1:2 x 10-6 to 2°5 x 10~°) by siphoning the required quantity on to a 
weighed amount of the salt. The solutions were kept in steamed- 
out Jena flasks, and whenever they were kept for more than a day 
they were protected with a soda-lime tube to guard against the entry 
of carbon dioxide. 

The potential of the hydrogen electrode is given by the formula: 


RT, ‘ 
F log{H ] 


3 ay 


where z, = the potential of a solution of concentration [H’]; 
@) = potential for a solution normal in respect to H’-ion, and 
hk, 7, F have their usual significations. In accordance with the 
agreement of the Commission on Electrode Potentials of the German 
Bunsen Society, under electrode potential is here understood positive 
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potential of the electrode—positive potential of solution. If we take 
the absolute potential of the normal calomel electrode as +0°56 volt, 
we may (Wilsmore, loc. cit.) put m= + 0°277 volt. The method of 
calculation employed may, for the sake of clearness, be briefly 
illustrated by two examples : 


(a) Table I, p. 48. 
Cell measured, H, | n/32C,H,*NH,Cl | NH,NO, | Hg,Cl, electrode. 


Observed #.M.F. = 04655 volt (in direction indicated by the 
arrow). Hence potential of the hydrogen electrode = 0°56—0°4655 = 


00945 volt, and therefore Flog. = 0:0945—0°277 = 


nl 


~0-1825. As 7’ = 273 + 25 = 298, we have = x 23026 = 0-059, 


and therefore log[H*] = - whore whence [H*] = 0:000807. Since 


complete hydrolysis would produce a value of [H*] equal to 1/32 
(assuming complete dissociation of the hydrochloric acid), the per- 
centage hydrolysis is given by the equation 100a = 0000807 x 
32 x 100, whence 100” = 2°58 (#=fractional hydrolysis). 


(b) Table (XII), p. 57. 


Cell measured, H, | n/4A1,(SO,), | NH,NO, | Hg,Cl, electrode. 


Observed #.0.F. =0°4354 volt. 

Potential of H,-electrode = 0°56—0°4354 = 0°1246 volt. 

Hence 0°059 log[ H*] = 0°1246—0°:277 = — 0:1524, whence[H*] = 
000261. 

Since the solution is one-fourth molecular normal with respect to 
aluminium sulphate, complete hydrolysis according to the stoichio- 
metric equation : 

Al,(SO,), + 2H,O = Al,(SO,),(OH), + H,S0,, 
would yield a one-fourth molecular normal solution of sulphuric acid. 
If one assumes complete dissociation of the sulphuric acid into the 
ions H* and SO,”, the molar concentration of the hydrogen ion 
would be 0°5. Hence the percentage hydrolysis according to the 
above reaction is given by the equation : 


0:00261 
5 


100z2 = x 100 = 0°52. 


Aniline Hydrochloride. 


The hydrolysis of this salt has been very carefully determined by 
Bredig (Zeitsch. physikal. Chem., 1894, 13, 289) and by Walker and 
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Aston (Trans., 1895, 6'7, 576). [Bredig used the conductivity method, 
and found 2°61 per cent. hydrolysed for v,, at 25°. Walker used the 
inversion method, and found 4°5 per cent. for v,, at 60°. A re- 
determination of the hydrolysis of this salt appeared to be a useful 
test of the method employed in this paper. 

The salt used was purified by recrystallisation from a saturated 
solution in acetone, the solvent being removed by repeated washing 
with ether. It was finally dried over potassium hydroxide and con- 
centrated sulphuric acid in a vacuum desiccator. 

In the table below, as well as in all following tables, v denotes the 
molecular dilution, #.J/./. the measured electromotive force of the 
cell in volts, 7, the absolute potential of the hydrogen electrode 
for that solution, |H*] is the bydrogen-ion concentration in gram- 
mols, per litre, and 100x is the percentage hydrolysis calculated for 
a first-stage hydrolysis, unless the contrary is stated. 


TABLE I, 


Aniline Hydrochloride. 


Cell, H, | C,H,-NH,Cl | NH,NO, | Hg,Cl, electrode. 
E.M.F. ™. H* x 102, 100.. 
0°4567 0°1033 0°1138 1°82 
0°4609 0°0991 0°0966 2°32 
0°4655 0°0945 0°0807 2°58 


Mean 


Under , are tabulated the values of the constant calculated from 
equation (8), nor = K,, as deduced for a first-stage hydrolysis of a 
salt of this type. The hydrolysis for v,. amounts to 2°58 per cent., a 
value agreeing extremely well with that found by Bredig at the same 


temperature and dilution, 2°61 per cent. 


The Apparent Heat of Dissociation of “ Anilinium Hydroxide.” 


The hydrolytic constant of aniline hydrochloride is calculated from 

equation (8), ia a Av If the dissociation of a normal electrolyte 
—Z£)U 

is measured over a range of temperature not too great, itis generally 
found to be practically independent of the temperature. Therefore, 
knowing X; at 25° and the variation of X, with the temperature, one 
should be able to calculate x for any other temperature. But as Ky 
at 60° is nine times as great as at 25°, it follows that the hydrolysis 
of aniline hydrochloride for v,, at 60° would be 7:5 per cent., whilst 
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Walker and Aston (Joc. cit.) found only 4°5 per cent. The conclusion 
must be drawn that the dissociation constant of “anilinium hydr- 
oxide ” is not independent of the temperature. An application of 
van’t Hoff’s equation, 

dlogK, RT”? 

dt q 

should therefore give information regarding g, the apparent heat of 
dissociation. On integrating between the limits 7, 7, we get 


logKy _ Ae - --) 

Kk, R 14 vw ’ 
where X;,", X;' are the dissociation constants of “ anilinium hydroxide ” 
at the temperatures Z” and 7”. 


’ 


If = is calculated from the percentage hydrolysis obtained by 
b 


Walker and Aston at 60°, the value z = 0707 x 10-* results; at 


b 
25°, a = 0216 x 10-4, and from these results g is calculated to be 


b 
2860 calories ; g here refers to the heat absorbed in the dissociation 


of “anilinium hydroxide” plus the heat absorbed in the hydration of 
the anhydrous aniline. 


Ammonium Chloride. 


The hydrolysis of this salt was recently measured by Veley (Trans., 
1905, 87, 26). The method he used was to boil the solution for an 
hour, and then determine the loss of ammonia by titration. The con- 
clusion was drawn that the hydrolysis of ammonium chloride must be 
very small indeed. 

As usual, the salt was freed from any traces of acid by repeated 
recrystallisation from conductivity water. A normal solution was 
first used, and the potential registered by the hydrogen electrode 
amounted to — 0°0049 volt after thirty minutes, but in an hour it had 
risen to 0:0066 volt. This steady increase in potential, and therefore 
in hydrogen-ion concentration, pointed to the loss of ammonia, and 
this was conclusively proved by passing the escaping gas into a solu- 
tion of red litmus. It very quickly turned a decided blue. In order 
to overcome this loss of ammonia, three washbottles were inserted 
before the hydrogen electrode, all containing a solution of the same 
strength as was being measured. One washbottle was outside the 
thermostat, and two within. Thus when the hydrogen reached the 
solution containing the electrode, it was already in equilibrium with 
ammonia at that temperature and concentration. 

One other difficulty still remained. The observed potential was 
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found to fall toa minimum, and then rise a little to a fixed, but higher, 
value. The steady fall to a minimum is due to the gradual saturation 
of the electrode with hydrogen, and the subsequent rise can only be 
due either to the electrode having been supersaturated or to an 
increase in the hydrogen-ion concentration. The first possibility may 
be left out of consideration, for in no other salt used did this occur. 
The increase in the hydrogen-ion concentration can be readily 
explained as being due to the adsorption of ammonia by the electrode 
from the film of liquid in contact with it. The potential registered 
would be that of the surrounding film, and would consequently be too 
high. The hydrogen and ammonia gases are occluded by the platinum, 
the former probably with a much greater velocity, and hence the 
lowest potential registered would, on this assumption, correspond 
very nearly to the true potential. Slight evidence in support of this 
is furnished by the fact that the hydrogen-ion concentrations calcu- 
lated from the higher potentials are practically the same, although 
the concentration of the solution has changed from W/2 to W/32; but 
the hydrogen-ion concentrations calculated from the lower potentials 
show differences much more in accord with the behaviour of all 
known hydrolysed salts, that is, with increasing concentration of the 
salt there is an increasing hydrogen-ion concentration, but a decreasing 
percentage hydrolysis. As it was a matter of very great difficulty to 
obtain values for the minimum potential when it changes so quickly, a 
number of independent experiments were carried out, and the mean 
minimum potential recorded. 


TasB_eE IT. 


Ammonium Chloride. 


Cell, H, | NH,Cl | NH,NO, | Hg,Cl, electrode. 


E.M.F. : [H*] x 108, 100z. K, x 10° 
0°5732 013% 1233 0-00246 0°30 
0°5911 0: 0°604 0-00479 0-29 
0°5998 0: 0°427 0-0068 0-29 
0°6056 0456 0°340 0-0108 0°36 


0°31 


a? 
(I =a) 
first-stage hydrolysis of a salt with univalent anion. The experimental 
error arising from the adsorption mentioned has prevented more 
dilute solutions being examined, but enough has been done to show 
how small is the hydrolysis of this salt. 


The constant X, is calculated from equation (8), v=K,, for a 
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The ratio for the hydrolytic constants of aniline hydrochloride and 
ammonium chloride is seventy thousand, that is, aniline is seventy 
thousand times as weak a base as ammonium. Bredig (Zeitsch. physikal. 
Chem., 1895, 13, 289) has found the dissociation-constant of ammonium 
hydroxide to be 00023, and Abegg (Die elekt. Dissociation-theorie, 
Ahreus’ “ Vortrige,” 8, 183) gives the dissociation-constant of aniline 
as 4°9x10-1% The ratio of the constant of ammonia to that of 
“anilinium hydroxide” is 50,000. Since the hydrolytic constant of 
aniline hydrochloride agrees so well with that found by Bredig, we 
are justified in concluding that the hydrolytic constant of ammonium 
chloride is tolerably correct. 

Moreover, Noyes, in his report, “The Electrical Conductivity of 
Aqueous Solutions” (p. 346), has calculated the per cent. hydrolysis of 
ammonium chloride (v=100) to be 0°02 at 18°, whilst extrapolation 
from the above values (Table II) gives 0:018 for this dilution at 25°, 


Chromium Chloride. 


A great deal of work has been done on the green and blue 
modifications of chromium chloride. Amongst others, the work of 
Godefroy (Compt. rend., 1885, 100, 105) ; Peligot (Compt. rend., 1885, 
100, 105) ; Recoura (Ann. Chim. Phys., 1887, [vi], 10,39); Werner 
and Gubser (Ber., 1901, 34, 1579), and Gubser (Jnaug. Diss., Zurich, 
1900) may be mentioned. The work of these goes to show that the 
formula of both varieties is CrCl,,6H,O, but in the green chloride two 
atoms of chlorine cannot be precipitated by silver nitrate, as they form 
part of acomplex cation. Recently, Bjerrum (Zeitsch. physikal. Chem., 
1907, 59, 336) has shown that the blue aie when dissolved in 
water, is hydrolysed, thus: 

CrCl, + HO = CrCl,(OH) + HCl. 
The hydrolytic constant of the green salt is only about one four- 
hundredth that of the blue. The method used by him to measure 
the hydrolysis was the determination of the potential of the hydrogen 
electrode and conductivity measurements. 

Hydrolysis of the Green Chloride.—This chloride was prepared 
according to the method described by Recoura (loc. cit.) and Werner 
and Gubser (Coe. cit.). 

Bjerrum has very carefully examined the solution of the green 
chloride, using an apparatus whereby he was enabled to obtain a poten- 
tial within two minutes, and a conductivity measurement in even less 
time. He has found that the hydrolysis as indicated by the potential 
observed is at first much less than for the blue chloride, but that 
there is a rapid increase of hydrolysis in the first few hours. 


Unfortunately, the apparatus used in the present work was unsuitable 
E 2 
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for obtaining readings in such a short time, for it required at least 
ten minutes to obtain a constant potential. A more or less qualita- 
tive series of experiments with the green solution has therefore been 
carried out in order to check Bjerrum’s results. : 

A solution of the green chloride was prepared and divided into two 
parts, and to one was added a few drops of concentrated hydrochloric 
acid. These two samples were allowed to stand at the ordinary tem- 
perature. In sixteen hours, that which had not been acidified was 
bluish-green, whilst the other remained green. In three days, the 
latter was still unchanged, but the unacidified sample was blue. The 
addition of the acid had evidently retarded the formation of the blue 
salt from the green, consequently the change of the green into the 
blue must be attended by the increase of acid concentration through 
an increase of hydrolysis. 

A solution of concentration v,, was then prepared, and readings 
were taken for two hours; ¢ denotes the time in minutes since the 
solution was made. 


Taste III, 


Cell, H, | CrCl, (green) | NH,NO, | Hg,Cl, electrode. 


v= 64. 
E.M.F. m™. [H*] x 10% 
0°4545 0°1055 0°124 
0°4526 0°1074 0°133 
0°4458 0°1142 0°174 


TABLE IV. 


v= 16. 
E.M.F. ™). [H*] x 10%. 
0°4355 0°1245 0°260 
0°4268 0°1332 0°317 
0°4220 0°13880 0°441 
0°4180 0°1420 0°514 
0°4180 0°1420 0°514 


t, ELM.F. ©, [H*] x 10°. 
15 0°4559 0°1041 0°117 
32 0°4471 0°1129 0°166 
55 0°4368 0°1232 0°247 


These experiments all show that there is a rapid rise in the hydrogen- 
ion concentration, and, as the hydrolytic constant found by Bjerrum 
and -by me for the blue chloride is very much larger than the 
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approximate constant found by him for the green chloride, he is quite 
justified in his conclusion that the rapid increase in hydrolysis is due 
to a progressive conversion of the green chloride into the blue. . 


Chromium Chloride (blue). 


The salt was prepared as described by Higley (J. Amer. Chem. Soc., 
1904, 26, 613). 


TABLE VI, 


Cell, H, | CrCl, | NH,NO, | Hg,Cl, electrode. 


Total 
E.M.F. ; [H*] x 102. [H*] x 10%. 1002. 
0°4234 ¥ 0°417 0°510 2°02 
0°4832 . 0°296 0°351 2°81 
16 0°4382 ‘ 0'234 0°269 4°30 
32 0°4455 ‘ 0°176 0°197 6°30 
64 0°4523 0°135 0°148 9°47 


In Table VI, “total [H"]” refers to the concentration of the 
hydrogen ion after a correction has been made for the undissociated 
hydrochloric acid, as already explained. Figure 1 shows x plotted 
as a function of ». 

TaBLE VII. 
100x. K, x 10%. 
2°02 0°10 
2°81 0°10 
4°30 0°12 
6°30 0°13 
9°47 0°15 


ROOT icc nccccscs 0°12 


Here X, refers to the constant calculated for a first-stage 
a? 
(1-2)v 

3 
lated for a second-stage reaction according to equation (10), (i- ap 
— x)v 
a here being, also, calculated for a second-stage reaction, that is, 
half the values tabulated above. Although X, varies somewhat, its 
variation is much less than that of X,. Undoubtedly, therefore, the 
main reaction must be represented by the ionic equation : 


CrCl," +H,0 = CrCl,(OH) + H’, 


but probably the basic salt, CrCl(OH),, is also produced in the dilute 
solutions as in the equation : 


CrCl" + 2H,0 = CrCl(OH), + 2H”. 


hydrolysis from equation (8), = K,; and K, has been caleu- 
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At any rate, Bjerrum (Joc. cit.) has also noticed the rise in the constant 
jn the dilute solutions. The percentages of hydrolysis given in 
Table VI are slightly larger than Bjerrum found, for his constant 
amounts to 0°98 x 10-4, as compared with 1°2 x 10-*, but considering 
the great influence a slight error in the #.M.F, exerts, the agreement 
must be considered quite satisfactory. 


Fie. 1. 


16 64 


Aluminium Chloride. 


This salt was prepared from a specimen obtained from Merck by 
precipitating it from a saturated solution with hydrogen chloride. 
The salt was left for a month in a vacuum desiccator over potassium 
hydroxide to remove any traces of adhering acid. 

Preliminary experiments with zinc sulphate, which will be described 
later, had already shown that a solution of this salt does not give the 
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same hydrogen-ion potential from day to day, but that an extra- 
ordinary change in the hydrogen-ion concentration of the solution 
occurs. Thus it was important to determine whether the solution 
of each salt examined gave a constant potential over a considerable 
number of days, proving that the solution was in a state of equili- 
brium. This was done in a “time” experiment, wherein a quantity 
of a solution was siphoned from the main stock into the apparatus 
every day, and its potential ascertained for a sufficient number of 
days to show that equilibrium had set in. It was not necessary to do 
this in the case of the chromium salts, because it is known from the 
work of Richard and Bonnet (/oc. cit.) and Bjerrum that the solutions 
slowly change their hydrogen-ion concentrations until equilibrium is 
reached ; nor were “time” experiments carried out .. :th aniline hydro- 
chloride or ammonium chloride, for here there is no possibility of solid 
basic salts or hydrates complicating the ionic reactions. 

The “time” experiment for aluminium chloride showed that within 
twenty-four hours a state of equilibrium is reached, as is shown in the 
following table. 


TaB.e VIII. 


Cell, H, | AIC], | NH,NO, | Hg,Cl, electrode. 


Day. E.M.F. Day. E.M.F. 
April 26 ......... a 0°4485 i 0°4607 
rai | pate chaeon 0°4537 a. pen 0°4605 


i, Serle 04607 yi ree 0°4606 


All solutions in the following experiments were therefore allowed 
to stand in the thermostat for twenty-four hours before measure- 
ments were made. 


TasBLe IX. 


Aluminium Chloride. 


Cell, H, | AICI, | NH,NO, | Hg,Cl, electrode. 


Total 
v. E.M.F. T. FEL?) x 10%, (H*] x 102. 1002. 
16 0°4492 0°1108 0°1520 0°1750 2°8 
32 0°4567 0°1023 0°1140 0°1270 4°06 
64 0°4655 0°0945 0°0807 0'0885 5°66 
100 0°4720 0°0880 0°0626 0'0679 6°79 
128 0°4741 0°0859 0°0577 0°0620 7°93 


Figure 1 shows # plotted as a function of v. 
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TABLE X., 

v. 100x,. K, x 104. 
16 2°80 0°50 
32 4°06 0°53 
64 5°66 0°53 
100 6°79 0°49 
128 7°93 0°53 
DR cc sinvniess 0°51 


K, is calculated from equation (8) for a first-stage hydrolysis, 
2 
(1 - 2)o 

proceeds according to the ionic equation : 
AICI,” + H,O = AICI,(OH) + H’. 

A comparison of the percentage hydrolysis of chromium and 
aluminium chlorides at similar dilutions shows that the chromium 
chloride is, on the average, hydrolysed 1°6 times as much as the 
aluminium chloride. From these experiments, it would appear that 
chromium is about 1°6 times as weak a base as aluminium, 


= K,; the value obtained clearly shows that the hydrolysis 


Comparison of Results for Aluminium Chloride. 


Kahlenberg, Davis and Fowler (loc. cit.) have found 2‘2 per cent. 
hydrolysed in a sixth-molecular normal solution at 55°5°. Ley (loc. 
cit.), working at 99°7°, where the hydrolysis is much greater, obtained 
the following results. 


TABLE XI. 
v 100z. K, x 104, 
32 8°04 2°2 
64 13°20 3°l 
128 19°70 3°8 
256 28°20 4°3 
512 41°40 57 


Here « and KX, refer to a first-stage hydrolysis, the latter being 
2 
calculated from equation (8), Gaye 

His results at 99°7° are roughly about twice those observed by the 
author at a lower temperature. 

Tey has made one determination of the hydrolysis of aluminium 
chloride by conductivity methods at 25°. He found 13°5 per cent. 
hydrolysed at v,95,. 

Bruner (/oc. cit.) worked at 40° and found at v, 3°3 per cent., at v, 
2°9 per cent., and at v3, ,2°9 per cent. hydrolysed. He is the only 
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worker who has not found increasing hydrolysis of this salt on 
dilution. 

Recently, Bjerrum (loc. cit., p. 349) cavried out a series of experi- 
ments on the hydrolysis of aluminium chloride at 25°, using con- 
ductivity measurements. He says “ Ley hat friiher die Hydrolyse des 
Aluminiumehlorids in 3/1024-molarer Lésung zu 4°5 pro cent. 
(alle Salzsiiure frei = 100 pro cent.) berechnet. Dieses entspricht 
13°5 pro cent. Hydrolyse nach der Gleichung AICI, + H,O = 
AIC]OH+HCl. Ich finde 16°6 pro cent.” Two misstatements 
occur here. Ley worked throughout (Joc. cit.) with molecular solu- 
tions, and it was in a solution 1/1024-molecular normal that he 
obtained 13°5 per cent. hydrolysis ; secondly, the solution in which 
Bjerrum records 16°6 per cent. hydrolysis is, according to his own 
table, one containing 0:000326 of a gram-molecule, that is, v = 3069. 
These misstatements both appear to be due to confusion between 
molecular normality and equivalent normality. Further comparison 
of Bjerrum’s results must be left over until the errors mentioned 
have been corrected. 


Aluminium Sulphate. 


The salt was obtained from Merck, and was freed from any traces 
of acid by precipitating it from a saturated solution by the addition 
of alcohol. 

Just as in the case of aluminium chloride, there was a slight 
change of hydrolysis in the “time” experiment during the first day, 
but after that time the potential registered remained quite constant 
for the next three days. In the following experiments, the solutions 
were kept twenty-four hours in the thermostat before measurements 
were made. 


7 TasLeE XII. 


Aluminium Sulphate. 


——> 
Cell, H, | Al,(SO,), | NH,NO, | Hg,Cl, electrode. 


v. E.M.F. ™. [H*] x 102. 1002. K,x10. Kx 105, 
4 0°4354 0°1246 0°261 0°522 0°88 0°68 
8 0°4439 0°1161 0°187 0°748 0°66 0°71 
16 0°4505 0°1095 0°145 1°160 0°62 0°85 
32 0°4541 0°1059 0°126 2°016 0°82 1°30 
64 0°4585 0°1016 0°106 3°492 0°98 1°86 
256 0°4672 0°0928 0:075 9°600 1°48 4°00 


Figure (1) shows the variation of # with v. In the above table, X, 


is calculated from equation (12), fi-en, K,, for a first-stage hydro- 
2 


lysis of a salt of this type. The rise in the value of K, from 5. 
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points to the probability that with increasing dilution the second- 
stage hydrolysis is becoming increasingly important. The reaction 
from v, to v,, is represented by the stoichiometric equation : 
Al,(80,); + 2H,0 = Al,(S0,),(OH), + H.S0,, 
and by the ionic equation : 
Al,(80,),"° + 2H,0 = A1,(80,),(O0H), + 2H’, 
but in more dilute solutions we have also : 
Al,(SO,), + 4H,0 = Al,(SO,)(OH), + 2H,SO, 
Al,(SO,)°"** + 4H,0 = Al,(SO,)(OH), + 4H”. 
The constant X in the above table has been calculated from equation 


2 
(13), ae This equation has been deduced on the assumption 


that the reaction is represented by the stoichiometric equation : 
Al,(SO,), + 2H,O = 2A1(SO,)(OH) + H,SO,, 
and the ionic equation : 
AISO,° + OH’ — Al(SO,)(OH). 
The constant K shows considerably more variation than does K,, 


although in the concentrated solutions X is as constant as can be 
expected for such concentrations. 


Comparison of Results for Aluminium Sulphate. 


Bruner (Joc. cit.) at 40° found 1°3 per cent. hydrolysed at v,., 1°4 per 
cent. at v5, and 1°7 per cent. at v4). 

Ley (loc. cit.) at 99°7° found 8°9 per cent. at v,,., and 5°4 per cent. 
at Vj 99. 

Kahlenberg, Davis and Fowler (Joc. cit.) at 55°5° found a hydrolysis 
of 1°56 per cent. for v,,. 

Finally, Carrara and Vespignani (Joc. cit.) measured the hydrolysis 
of this salt at 25° by the inversion of methyl acetate. The basis of 
this method is to compare the constant of the reaction for a salt with 
that obtained for a dilute solution of an acid where the dissociation is 
complete, that is, where the hydrogen-ion concentration can be 
identified with the total-acid concentration. Now these workers have 
compared their constant for aluminium sulphate with that of sulphuric 
acid, both fifth-molecular normal, and thus obtained a percentage 
hydrolysis of 2°6. It is obviously incorrect to identify the hydrogen- 
ion concentration of a fifth-molar solution of sulphuric acid with that 
of the total acid, and any such assumption must cause a very large 
error in the calculation. If the percentage hydrolysis is calculated 
from the constant of aluminium sulphate and that obtained by 
them for hydrochloric acid (v,), according to the equation, percent- 
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age = pa . the result is 0°81. But a fifth-molar solution of hydrogen 
ava 

chloride is only dissociated to the extent of 80 per cent., and on cor- 

recting for this the percentage is found to be 0°65. This agrees 


extremely well with the value 0°52 given in Table XII for »,. 


Thallous Sulphate. 


The salt was supplied by Kahlbaum, and was not further purified. 
The solutions were all acid towards litmus, and owing to the sparing 
solubility of the sulphate only a few solutions were examined. 
Although the solution v,, was observed for several days, no change 
in the amount of hydrolysis was detected. Apparently the hydrolytic 
equilibrium is established immediately on preparing the solution. 


TasLeE XIII, 


——- - 
Cell, H, | TI,S0, | NH,NO, | Hg,Cl, electrode. 


E.M.F. my [H*] x 102 1002. 
0°4137 071463 0-609 4°87 
0°4213 0°1387 0°448 7°15 
0°4309 0°1291 0-311 9°95 


Megat isscicccs. 


&s 
(1-a)o 
first-stage hydrolysis of a salt with univalent cation; the value of 
K, is practically constant, and this shows that the hydrolysis must 
proceed according to the ionic equation : 


Tl’ + OH’ = TI(OH). 


The constant KX, is calculated from equation (8), , for a 


Nickel Sulphate. 


The salt was prepared from a specimen of Kahlbaum’s by careful 
recrystallisation. The “time” experiment again showed a variation 
in the hydrogen-ion concentration, although much less than observed 
in the salts of zinc, magnesium, thorium, and cerium. 
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Taste XIV. 
Nickel Sulphate ; v= 32. 


> 
Cell, H, | NiSO, | NH,NO, | Hg.Cl, electrode. 


EMF. Ty. [H°*] x 103. 
0°5031 0°0569 0°186 
0°4966 0°0634 0°230 
0°4962 0°0638 0°244 
0°5023 0°0577 0°192 
0°5003 0°0597 0:207 
0°4998 0°0602 0°211 


The first column denotes the age of the solution in days. 

In the following series of experiments, in order to make the results 
comparable, the potentials were measured ten minutes after the solu- 
tions were made; but as the “time” experiment shows a slight 
variation in the hydrogen-ion concentration, one cannot expect to 
obtain a satisfactory constant. 


TABLE XV. 


Cell, H, | NiSO, | NH,NO, | Hg,Cl, electrode. 


E.M.F. Ty. [H*] x 104. 1007. KE, x10" £x10. 
0°5302 0°0298 0°647 0°013 0°14 0°42 
0°5362 0°0238 0°512 0020 0°13 0°52 
0°5400 0°0200 0°440 0°035 0°17 0°77 
0°5518 00082 0'278 0°044 0°09 0°62 
0°5637 — 0°0037 0°175 0°056 0°04 0°49 


MOAR scadssiie 0'11 
a 
(1 —x)v® 
stage hydrolysis of a salt of this type; X is the constant calculated 


K, has been calculated from equation (12), = K,, for a first- 


from equation (13), a 

The first constant KX, is sufficiently satisfactory to show that the 
hydrolysis proceeds according to the ionic equation : 

Ni + 20H’ = Ni(OH),. 

The constant X is again satisfactory, although the equation from 
which it is calculated lacks the possible theoretical foundation that it 
has in the case of aluminium and chromium sulphates. 

Kahlenburg, Davis and Fowler (/oc. cit.) have measured the 
hydrolysis of nickel sulphate (v,) at 55°5°, and found 0°045 per cent. 
hydrolysed. This compares well with that quoted in the above table 
for the same dilution, namely, 0°013 per cent. at 25°, 
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Cobalt Sulphate. 


This salt was prepared from a specimen of cobalt carbonate (free 
from nickel) by the action of sulphuric acid. The sulphate so formed 
was three times precipitated from a strong solution by the addition of 
alcohol. Finally, the sulphate was recrystallised from water. The 
“time” experiment was followed for five days, but the hydrogen-ion 
concentration showed very little change from the value first obtained. 


TABLE XVI. 


Cell, H, | CoSO, | NH,NO, | Hg,Cl, electrode. 


E.M.F. Ty. [H*] x 104, 100z. K,x10", Kx10°. 
0°5487 0°0113 0°313 0°0031 0°76 0°48 
0°5590 00010 0°210 0°0042 0°46 0°44 
0°5675 — 0°0075 0°163 0°0065 0°43 0°53 
0°5762 — 0°0162 0°107 0°0085 0°24 : 
0°5798 — 0'0198 0°093 0°0149 0°32 


CS ee 0°44 


3 
In table XVI, X, is calculated from equation (12), . 
for a first-stage hydrolysis of such a salt. The value of A, is much 
too high in the strongest solution, but for the others it is sufficiently 
satisfactory to show that the ionic reaction is : 
Co** + 20H’ —- Co(OH).. 


2 
Here, also, X, calculated from the equation (13), er = K, 


gives a much better constant, and yet this equation again appears to 
lack a theoretical basis. 


Nickel Chloride. 


The salt was purified by careful recrystallisation. A solution of 
medium strength was measured for four days, and a decided increase 
of the hydrogen-ion concentration took place within the first twenty- 
four hours, rising from 0°00014 to 0:00018. No change beyond the 
limits of error occurred on the three succeeding days. In the follow- 
ing experiments, all solutions were therefore allowed to stand in 
the thermostat for twenty-four hours before being measured. 

In order to obtain the hydrolytic constant, a concentrated solution 
was prepared and its strength determined by analysis ; other solutions 
were prepared from this by dilution. 


SR Sa 


ste cere, 
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TaBLeE XVII. 


Cell, H, | NiCl, | NH,NO, | Hg,Cl, electrode. 


E.M.F. [H"] x 10°, 100z, K,x10°. 
0°4927 06 0-290 0°127 0°36 
0°5032 056 0-184 0°16 0-29 
0°5109 0°132 0°23 0:27 
0°5229 0: 0-086 0°30 0°30 


WO is isicccinins 0°30 


2 
(1 = a)» 
for a first-stage hydrolysis of a ‘salt with a univalent anion. The 
satisfactory nature of the constant shows that the reaction is correctly 
represented by the ionic equation : 


NiCl’ + OH’ =— NiCl(OH). 


The values under KX, are calculated from equation (8), 


Zine Sulphate. 


The salt was purified by recrystallising it three times from con- 
ductivity water; an analysis gave SO,=33°43 and 33°41, whilst 
theory requires SO, = 33-40 per cent. 

The “time” experiment for this salt was, as usual, carried out 
with every precaution against chance impurities ; but, although various 
solutions were measured daily for four weeks, yet no sign appeared of 
an equilibrium having been reached, the hydrogen-ion concentration 
varying irregularly from day to day. 

A solution of zine chloride showed an exactly similar phenomenon. 

Owing to the similarity between zinc and magnesium sulphates, it 
was expected that a similar variation in the hydrogen-ion concentra- 
tion, that is, in the hydrolysis, would be met with. The variation 
was again observed, but not to so marked an extent as in zinc 
sulphate. The percentage calculated for magnesium sulphate of con- 
centration v,. from the mean hydrogen-ion concentration is 0°0023, 
agreeing well with that found by Carrara and Vespignani. They 
used a fifth-molecular normal solution, and found 0-0047 per cent. at 
the same temperature. 

Thorium sulphate (v=64) has also been examined. The “time” 
experiment again showed that the hydrolysis is by no means a 
constant quantity. The variations were not large, but yet quite 
measurable. The mean percentage for v,, is 46. 

Solutions of cerium chloride showed undoubted variations in the 
hydrolysis from day to day. The mean percentage for v,, is 0°14, 
whilst Ley found 0°5 for the same dilution at 99°7°. 
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Finally, it may be mentioned that cobalt chloride shows considerable 
variation in solution ; the mean percentage for v,. is 0°17, and for 
v5 O'1l. 

The most probable explanation of the peculiar behaviour of these 
salts lies in the theory that the hydrolysis leads to a heterogeneous 
system, and that basic salts and hydrates are present in colloidal 
suspension, 

Summary. 


1. The preceding experiments have proved that the hydrogen 
electrode can be used to determine the hydrolysis of salt solutions 
even when the hydrogen-ion concentration is as low as 0°3 x 10~° (see 
ammonium chloride). 

2. The hydrolytic constant of ammonium chloride proves ammonia 
to be about 70,000 times as strong a base as aniline. 

3. The salts of chromium are hydrolysed about 1°6 times as much 
as the salts of aluminium, and chromium may therefore be considered 
about 1:6 times as weak a base as aluminium. 

4, Nickel salts are more strongly hydrolysed than those of cobalt, 
and in this connexion it is significant that the electropotential of 
cobalt is higher than that of nickel (Wilsmore, loc. cit.). 

5. The salts of zinc, magnesium, cerium, thorium, cobalt, and, to a 
slight degree, nickel show peculiar behaviour in so far as their 
solutions present a variable degree of hydrolysis from day to day. 


In conclusion, I wish to acknowledge my deep debt of gratitude to 
Professor F. G. Donnan for his ever-ready assistance and kindly 
encouragement during the course of these experiments. 
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VIl.—Attempted Synthesis of * d io Dinaphthacridines : 


Condensation of Methylene Dichloride and 1-Sub- 
stituted-2-naphthylamines. 
By Atrrep Senrer and Percy CorLerr AUSTIN. 


Two of the six theoretically possible dinaphthacridines (Senier and 
Austin, Trans., 1906, 89, 1387) are still unknown, and our attempts 
to synthesise derivatives of one of these by using #-naphthylamines 
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in which the neighbouring a-position is substituted have led only to 
the formation of dinaphthacridines of the . a type. But, al- 
though we have not succeeded in obtaining the desired compounds, 
the results in themselves possess sufficient interest to be recorded. 

In view of the experiments described in a former paper on halogen 
addition compounds (Senier and Austin, Trans., 1904, 85, 1196) and 
of recent work by A. E. Dunstan and Hilditch (Trans., 1907, 91, 
1659) on the substitution of halogens in acridines by working with 
hot solutions, the bromo-substitution derivative of Pp, dinaphth- 
acridine described is worthy of note. It undoubtedly contains the 
halogen in the meso-carbon position, for the linking of the naph- 
thylene groups by means of the meso-carbon must take place at the 
position previously occupied by the bromine. Further, it is important 
to observe that this synthesis effectually removes any doubt that 
remained as to the constitution of Reed’s dinaphthacridine, the proof 
of which until-‘now was incomplete, since it depended in part on the 
assumption of Strohbach (Ber., 1901, 34, 4146) that the a-position in 
B-naphthylamine is more readily substituted than the other 
B-position : 


N 
f ~~ NA ‘ 
i“ eN/\ 


fF hed 
\4 \ 
Taking into consideration the general fact that a linear arrange- 


ment of the rings in the synthesis of, cyclic compounds is only ob- 
tained with difficulty (Senier and Austin, Joc. cit.), it was expected 


B-N-B ac 
| base, for this con- 

B-CHB 

tains a linear arrangement of rings on either side of the acridine 

nucleus, the only known dinaphthacridine containing a linear 


arrangement, and that only on one side, being Strohbach’s 


that it would not be easy to prepare the 


-N- 
B ioe isomeride. Again, in view of the fact that when f-naphthyl- 
e- 


amine condenses with methylene dihalides or with formaldehyde the 
neighbouring a-position enters into the reaction, it was hoped that by 
fixing the a-position before the experiment by substitution the con- 
densation might then affect the other B-position and give the type 
of acridine desired. Methylene dichloride was selected as a con- 
densing reagent, because, unlike formaldehyde, it reacts with both 
8- and a-naphthylamines and because the behaviour of formaldehyde 
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with 1-substituted-2-naphthylamines has already been the subject of 
an investigation by Morgan (Trans., 1900, 77, 814), in which no 
indication of the condensation we wished to bring about was 
observed. 

The results of our experiments show that when the a-position next 
to that occupied by the amino-group in B-naphthylamine is taken by 
an easily replaceable element, such as chlorine or bromine, such 
substituents are eliminated and condensation takes place at the 
a-position with the formation either of Reed’s base or, in the case of 
bromine, of a bromo-derivative of that base; but that when the 
a-position is taken by such a substituent as the nitro-group, which is 
not easily replaced, no condensation takes place. 


1. Interaction of Methylene Dichloride and 1-Chloro-2-naphthylamine. 


Five grams of 1-chloro-2-naphthylamine were heated in a closed 
tube with 2} ¢.c. (excess) of methylene dichloride for a short time to 
200°, when an orange sublimate was noticed at the end of the tube. 
After the first appearance of this sublimate, the heating was only 
continued for about fifteen minutes. More prolonged heating or 
higher temperatures led to unsatisfactory results. When the tube 
was opened, the contents were first washed with a little cold acetone, 
then boiled with methylated spirit to which a little aqueous 
ammonium hydroxide was added, and poured into cold water. After 
decanting the liquid and recrystallising the dried residue from 
benzene, large triboluminescent crystals containing no halogen and 
= at 216° were obtained. They were identified with 


_ Ry Ha tinaphthacridine (Reed). 


2. Preparation of 1-Bromo-2-naphthylamine. 


In preparing 1-bromo-2-naphthylamine by the method given by 
Morgan (loc. cit.), it was found to be of advantage to warm the 
solution of aceto-8-naphthalide in glacial acetic acid to about 60° and 
to add more of the solvent whenever the mass became too thick to 
stir, otherwise an intimate mixture of the reagents was not obtained. 
Moreover, the brown precipitate thus formed was purified before 
hydrolysis. This was done by boiling it with methylated spirit until 
no more dissolved, and filtering, when it was found that the alcoholic 
filtrate contained bromoacetonaphthalide in a fairly pure condition. 
This solution was then hydrolysed by boiling with hydrochloric acid, 
and the hydrochloride thus obtained was treated with alkali to liberate 
the base. One crystallisation from light petroleum was generally 
sufficient to yield crystals of pure 1-bromo-2-naphthylamine. 

VOL, XCIII. F 
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3. Interaction of Methylene Dichloride and 1-Bromo-2-naphthylamine. 


7-Bromo? oe -dinaphthacridine, OH< I Oy H,. 

After several partially successful attempts to determine the proper 
conditions, we found that a temperature of 230—240° was most 
suitable for bringing about the acridine condensation. In our first 
experiment, we heated the closed tube to 200° and obtained as the 
chief product a black, non-crystallisable substance, insoluble in benzene, 
but soluble in alcohol. Distillation of this black substance under 
reduced pressure gave rise to a yellow substance, which could not be 
crystallised and was not further examined. The latter compound 
is possibly dinaphthacridone. 

Satisfactory results were, however, obtained by heating 5 grams of 
1-bromo-2-naphthylamine with 2 c.c. of methylene dichloride in a 
closed tube to 230—240° for three-quarters of an hour. It was not 
found advisable to work with larger quantities. The contents of the 
opened tube were easily removed by boiling with methylated spirit 
containing some potassium hydroxide in solution. 

A heavy, black, oily substance was obtained, which, when washed by 
decantation with cold water, solidified. This was rubbed with a litile 
cold acetone, drained on a filter, and dried in a desiccator. It was 
then boiled with benzene, and the highly fluorescent, but dark, solution 
filtered from an insoluble residue, mixed with animal charcoal, boiled 
for two hours under a reflux condenser, and again filtered and allowed 
to stand. The solution was thereby rendered much clearer, and slowly 
deposited well-formed, pale brown crystals. One or two further 
recrystallisations from benzene sufficed to purify them. When pure 
they are of a very pale yellow colour and melt at 215-5° (corr.) They 
contain bromine, but are not triboluminescent. On analysis: 

0°1564 gave 0°4011 CO, and 0°0500 H,O. C=69°94; H=3°54. 

0°1920 ,, 67 cc. nitrogen at 14° and 756 mm. N=4-08. 

00853 ,, 0°0452 AgBr. Br=22°54. 

C,, H,,N Br requires C = 70°39; H= 3°35; N=3°91; Br= 22°34 per cent, 
The substance is evidently a monobromodinaphthacridine. It is 
essentially different from a dinaphthacridine bromide (compare Senier 
and Austin, Trans. 1904, 85, 1196), since it may be boiled with 
alcoholic potassium hydroxide and may even be distilled in a partial 
vacuum without decomposition. 

According to the method of formation, it might be a derivative 
either of Reed’s or of Strohbach’s base, that is, either 7-bromo- 


Pf -dinaphthacridine or 1-bromo- 9 Oe 
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It is readily soluble in chloroform or carbon disulphide, less so in 
benzene or toluene, and very sparingly so in alcohol. It dis- 
solves easily in hot glacial acetic acid, depositing yellow crystals on 
cooling. The latter melt at 273° and have not yet been investigated. 
The hydrochloride of the base is yellow, and is precipitated from an 
alcoholic solution by means of hydrochloric acid. No method was 
found for purifying it, The preparation of double salts with metals 
was difficult, owing to the fact that no very suitable solvent could be 
found. 

The aurichloride, [C,,H,,N Br],,[HAuCl,],, was obtained as a yellow, 
flocculent precipitate when a few drops of auric chloride solution 
were added to a solution of the base in a mixture of alcohol and acetic 
acid. The yellow precipitate was washed with dry ether and dried at 
105°. On analysis : 


0°0694 gave 0°0156 Au. Au= 22°47. 
C,g3HgN,Cl,Br,Au, requires Au = 22°46 per cent. 

The platinichloride, [C,,H,,.NBr],,H,PtCl,, was obtained in a similar 
way by using platinic chloride. It is a yellow powder, which was 
washed with dry ether and dried at 105°. The specimen was evi- 
dently not quite pure: 

00603 gave 0°0108 Pt. Pt=17°91. 

C,,H,,N,Cl,Br,Pt requires Pt = 17°31 per cent. 


4, Replacement of the Bromine in Monobromodinaphthacridine by 
Hydrogen. 


In order to prove the constitution of monobromodinaphthacridine, it 
was necessary to replace the bromine by hydrogen. The reduction 
took place readily by the action of an alcoholic solution of stannous 
chloride on the base partly dissolved and partly suspended in alcohol. 
Some tin and free hydrochloric acid were added, and the mixture 
was boiled for several hours under a reflux condenser, when a green 
substance gradually formed. When cold, the liquid was removed by 
filtration, and the green substance was separated mechanically from 
the residual tin. This green substance was boiled with methylated 
spirit, in which it was moderately soluble, then treated with potassium 
hydroxide, boiled, mixed with water, and the yellow, flocculent pre- 
cipitate obtained was dissolved in aqueous pyridine. The filtered 
solution deposited orange crystals melting at 243°. They were 


identified as bis? VF -dinaphthacridine dihydride (Senier and Austin, 
a- Qa 


Trans., 1906, 89, 1398), which is known to give a green hydro- 
chloride, 


F 2 
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The bromodinaphthacridine is evidently therefore a derivative of 


B _ -dinaphthacridine (Reed). 
a- Ha 


5. Interaction of Methylene Dichloride and 1-Nitro-2-naphthylamine. 


When 1-nitro-2-naphthylamine was heated to 210° in a closed tube 
with methylene dichloride for one hour, it was found that no reaction 
had taken place, for the original substance was recovered unchanged. 
Another attempt was made by heating the tube to 250—260° for 
two hours, when the contents of the tube were completely charred, 
although acridines are stable at this temperature. 


QUEEN’s COLLEGE, 
GALWAY, 


VIl.—The Direct Interaction of Aryl Halides and 
Magnesium. 
By James FrepErRIcK SPENCER AND ELEANOR MARGUERITE STOKES. 


In the course of a series of reactions involving the use of the Grignard 
reagent, we obtained evidence which led us to doubt the necessity of 
the presence of ether or any catalyst in the preparation of magnesium 
aryl halogen compounds. Preliminary experiments showed that aryl 
iodides and magnesium react, on heating, with the formation of 
magnesium aryl iodides, which in view of the subsequent action of 
water must be constituted according to the type R-Mg’I. 

The reaction took place with the evolution of a large amount of 
heat, and was generally complete in two to three minutes; on the 
addition of water, after cooling, the parent hydrocarbon was re- 
generated with the evolution of heat : 

RMgI+H,O=R:-H+Mg(OH)I. 

The ease with which the combination occurred indicated that this 
was possibly a reaction suitable for removing halogens from cyclic 
compounds, and so capable of being used as a means of orientation in 
the case of substituted compounds. 

With the object of testing the suitability of the reaction for such 
determinations, we have studied the action of magnesium with a 
number of aromatic halogen substitution products, and have found 
that it is possible to remove iodine and bromine from such compounds 
almost quantitatively, and to obtain a large yield of the parent 
substance as product of the reaction. 
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Thus m-bromoaniline gave a yield of 90 per cent. of the theoretical 
quantity of aniline, and p-bromophenol gave 40—50 per cent. of the 
theoretical yield of phenol. 

Halogen acids and nitro-compounds containing halogens did not 
yield the corresponding acids and nitro-hydrocarbons. In the case of 
the acids, carbon dioxide was evolved, and with the nitro-compounds, 
nitrogen peroxide was evolved, which immediately reacted with the 
magnesium, giving rise to so much heat that the compound was 
completely charred, and, indeed, in one experiment the test-tube 
melted. 

Halogen derivatives of naphthalene react in the same way with 
magnesium, a-bromonaphthalene yielding 70—80 per cent. of naph- 
thalene. 

Similarly, monobromoacenaphthene gave a yield of about 50 per 
cent. of the theoretical quantity of acenaphthene when treated in the 
same way. 

This reaction does not seem to be general for chloro-substitution — 
products ; out of six substances investigated, namely, benzylidene 
chloride, o- and p-chlorophenol, a-chloronaphthalene, p-chlorotoluene, 
and o-chloroaniline, a reaction was found to take place only in the 
case of o-chloroaniline ; in this instance, a large yield of aniline was 
obtained. Iodobenzene and bromobenzene require special note, for 
with these compounds it was found that the initial reaction proceeded 
in two directions, as indicated by the equations : 

(1) C,H, + Mg =C,H,°Mg°l. 
(2) 20,H,! + Mg=C,8,C,H; + Mgl,. 


The products, benzene and diphenyl, were present in quantities 
which indicated that the reaction represented by (1) had taken place 
with about 45 per cent. of the iodobenzene, and the reaction repre- 
sented by equation (2) with about 55 per cent. of the iodobenzene. 
The formation of diphenyl was observed by Tissier and Grignard 
(Compt. rend., 1901, 132, 32) when carrying out the Grignard 
reaction under ordinary conditions. 

We have done little up to the present with aliphatic compounds, but 
preliminary experiments have shown that methyl iodide, methylene 
iodide, trimethylene iodide, and isopropyl iodide do not react at all 
with magnesium when the two substances are heated together. Mono- 
bromosuccinic acid, however, does react, and the action commences 
without initial heating after the substances have been mixed for 
about two minutes, The product on treatment with water yields 
succinic acid. 

On treating the magnesium aryl compounds with water, we 
obtained derivatives which may be used for deciding the position of 
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substituting groups ; they can, however, also be used for purposes of 
synthesis. For example, magnesium phenyl iodide, prepared by the 
method indicated, was ground in a mortar with a little absolute 
ether and an excess of solid carbon dioxide for about five minutes, 
the product of this treatment yielded about half the theoretical 
quantity of benzoic acid on the addition of dilute hydrochloric acid. 
In the absence of ether, the yield of benzoic acid was much reduced. 

This reaction, effected without the use of a catalyst, indicates that 
ether is not absolutely necessary for the reaction, and the Grignard 
compounds are not necessarily formed through oxonium compounds of 
the type: 


H M MgX 
CHOSE or Oty >O< Re, 


but rather, the view put forward by Tachelinzof (Ber., 1905, 38, 
3664) is the more correct one, namely, that the addition occurs first 
between the iodide and the magnesium, and this then forms an addition 
compound with ether : 

RI “4 Mg=R°Mg'l. 


H, 
ReMgl + 6220 = ¢ H>O<T 


EXPERIMENTAL. 


Interaction of TIodobenzene and Magnesium.—Dry iodobenzene 
(40 grams) was mixed with dry magnesium powder (9 grams) in a 
small, hard, round-bottomed flask fitted with an air condenser. The 
mixture was carefully warmed over a free flame to the boiling point of 
the iodobenzene ; after boiling for about a minute, the reaction 
commenced, and proceeded without any additional heating. The 
product was a light grey, homogeneous mass, which was slowly 
decomposed by the moisture of the air, forming benzene. When the 
mass had cooled, cold water was slowly added to it ; this brought about 
a decomposition which was accompanied by the evolution of heat. As 
soon as the decomposition was complete, the products were distilled 
with steam, when benzene, diphenyl, and unchanged iodobenzene were 
found in the distillate. The yield of benzene was 44 per cent., and of 
diphenyl! 54 per cent., of that required by theory. 

The melting point of the diphenyl (70°) was unchanged after mixture 
with an equal weight of pure diphenyl. 

Interaction of Bromobenzene and Magnesium.—In this case, the 
reaction did not occur at all readily, it being necessary to boil the 
mixture of bromobenzene and magnesium for about fifteen minutes 
before combination took place. The organic products and yields were 
the same as in the case of iodobenzene. 


— El Ow 
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Interaction of p-Todotaluene and Magnesiwm,— p- Iodotoluene 
(15 grams) and magnesium powder (2 grams) were mixed and gently 
warmed in a hard glass flask fitted with an air condenser. As soon as 
the boiling point of the iodotoluene was reached, the reaction also 
commenced, and proceeded without further heating ; it was, however, 
not as violent as with iodobenzene. The product was a light grey 
mass, which was treated with water and distilled in steam. The 
distillate was extracted, dried, and fractionated, and shown to consist 
of toluene. The yield was 87 per coent., and a small quantity of 
unchanged p-iodotoluene was also recovered, 

Interaction of 0-Bromotoluene and Magnesiwm.—The interaction of 
these two substances took place in exactly the same way as in the case 
of p-iodotoluene. The product was the same, and the yield was equally 
good. 

Interaction of m-Bromoaniline and Magnesium.—Dry m-bromo- 
aniline (15 grams) was mixed with magnesium powder (4 grams) and 
heated in the same way as the foregoing mixtures ; after two minutes, 
a most violent reaction took place. A yellow, solid mass was 
obtained, which reacted so violently with water that the liquid boiled. 
The whole mass was then distilled in steam, and the oil which passed 
over was extracted and fractionated. A yield of 90 per cent. of 
aniline was obtained. 

Interaction of o-Chloroaniline and Magnesium.—This reaction took 
place extremely readily when heat was employed, and a good yield of 
aniline was produced. 

Interaction of p-Bromophenol and Magnesiwm.—p-Bromophenol 
(8 grams) was mixed with magnesium powder (2 grams) and heated, 
the reaction commencing suddenly after about two to three minutes’ 
heating, The product, a light grey, solid mass, was treated with water 
and distilled in steam, when a yield of 40 to 50 per cent. of phenol 
was obtained, 

When tribromophenol was substituted for phenol, the reaction took 
place with extreme violence and evolution of heat, causing the tube to 
soften. The products contained less bromine than the original 
tribromophenol, for on the addition of bromine water to the solution 
a yellowish-white precipitate of tribromophenol was formed, but 
further identification was impossible, nor could the vigour of the 
reaction be lessened. 

Interaction of a-Bromonaphthalene and Magnesium.—a-Bromo- 
naphthalene (20 grams), mixed with magnesium powder (4 grams), was 
heated to boiling point, when a vigorous reaction commenced, which 
completed itself without any further heating. The product was a 
white and apparently crystalline mass. When cold, the addition of 
water was attended by great evolution of heat, and the presence of 
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naphthalene was at once evident from its odour. The mass was then 
distilled in steam, when a 72 per cent. yield of naphthalene was 
obtained. The yield was improved by the use of excess of magnesium ; 
thus, whilst one atomic proportion of magnesium furnished a yield of 
44 per cent. of the theoretical, from three times the quantity a yield 
of 72 per cent was obtained. The change in the yield is due to the 
smaller amount of the bromo-compound escaping reaction. 

Interaction of Bromoacenaphthene and Magnesium.—About 1 gram 
of bromoacenaphthene was mixed with excess of magnesium powder 
and heated over the free flame. The reaction did not commence for 
about five minutes, and then proceeded quietly. Water was then 
added to the product, but action took place only on warming. This 
was in all probability due to the fact that the magnesium acenaphthyl 
bromide was protected from its action by being coated with unchanged 
bromoacenaphthene. The products after treatment with water were 
extracted with alcohol, and the acenaphthene formed crystallised out in 
good yield. 


The investigation of this reaction is being continued. 


CHEMICAL LABORATORY, 
BEDFORD COLLEGE, 
BAKER Srreet, W. 


VIU.—The Triazo-Group. Part I. Triazoacetic Acid 
and Triazoacetone (Acetonylazovmide). 
By Martin Onstow Forster and Hans Epuarp Fierz. 


Despite the variety of triazo derivatives which have been investigated, 
principally by Griess, Curtius, Noelting, and their collaborators during 
the past forty years, one class of these compounds would appear to 
have escaped examination ; we refer to those types in which the triazo- 
group has replaced hydrogen in carboxylic acids, ketones, aldehydes, 
and alcohols of the aliphatic series. So far as we have been able to 
ascertain, the only triazo-ketone to be met with in the literature is 
camphorylazoimide (Trans., 1905, 87, 826), and it is chiefly in 
connexion with this compound that our attention has been drawn to 
the subject. The “‘triazoacetic acid” described by Curtius and Lang 
(J. pr. Chem., 1888, [ii], 38, 532), at first regarded as having the 
constitution ; 


CH(CO,H): 
N<on(co. Hy. N, 


N:SSOH-C0,H, 
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is now recognised as a bimolecular polymeride of diazoacetic acid ; 
entitled bisdiazoacetic acid, it is variously represented as 
NN ' NH-N 
00,H-CH<y:7>CH-C0,H, CO,H:C< > O'C0.H, 


or CO,H-C<S ann 

In the present communication, we describe triazoacetic acid, 
N,°CH,°CO,H, its amide, and ethyl ester, along with the simplest 
triazo-ketone, acetonylazoimide or triazoacetone, CH,*CO-CH,'N,. 
The last-named substance is the true analogue of camphorylazoimide, 
which it recalls in respect of its behaviour towards potash ; the 
action of alkali on the simpler molecule is very vigorous, alcoholic 
potash liberating nitrogen from acetonylazoimide almost explosively, 
whilst the aqueous alkali, even when very dilute (2 per cent.), sets up 
a brisk effervescence. There is a distinction, however, between 
camphorylazoimide and triazoacetone in regard to the quantitative 
aspect of the change. We have shown that exactly two-thirds of the 
nitrogen is liberated from the camphor derivative, which passes into 
the imine of camphorquinone : 


H-N - H'N: -NH 
OF, .<Ue ors OH, <0 —_ OH, <I 


but the gasometric study of the alteration which acetonylazoimide 
undergoes with alkali shows that subsidiary to the change, 
CH,°CO-CH,"N, —> CH,°CO°-CH:NH —> CH,°CO-CH:0, 
there occurs, to the extent of, roughly, 15 per cent., elimination of 
hydrazoic acid, 
CH,°CO-CH,'N, + H,O=CH,°CO-CH,:OH + HN,, 

which does not take place when camphorylazoimide is treated with 
boiling alkali. This difference in behaviour probably owes its origin 
to the absence of the cycloid structure, which renders the camphor 
derivative more stable, and also to the more hydrogenised condition of 
the carbon atom to which the triazo-group is attached in acetonyl- 
azoimide, as well as to the comparative freedom of the unsubstituted 
methyl group, because a preliminary experiment, with 2-triazocyclo- 
hexanone has indicated that in this case, also, both changes proceed 
simultaneously : 


>>C-CO,H. 


? 


CH,'N, 


Yields nitrogen and Yields nitrogen and Yields nitrogen only: 
hydrazoic acid. hydrazoic acid. 


The facility with which nitrogen is eliminated from these compounds 
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appears to depend on the immediate neighbourhood of the ketonic and 
triazo-groups, and leads us to suggest, as a possible explanation, that 
the action of alkali is such as to bring about the formation of an 
unstable ring-system from which nitrogen is forthwith liberated : 


—C:NH 


—CO 


Accepting the common view of the triazo-group, and comparing it 
with the diazo-complex as occurring in diazomethane and diazoacetic 
ester, 


—N<tl cH,<h co,ke-oH<h, 


it will be recognised that two-thirds of the nitrogen in the first-named 
radicle stands in that relation to the remainder which is borne by the 
nitrogen in alphatic diazo-compounds to the carbon with which it is 
combined. Now there exists a considerable body of evidence to show 
that the nitrogen in diazomethane and diazoacetic ester is capable of 
taking part in additive action, the products parting easily with 
the element in question. For instance, Buchner (Annalen, 1893, 2'73, 
214; compare also Buchner and Papendieck, loc. cit., 232 and 246; 
Buchner and Witter, loc. cit., 239) found that when ethyl diazo- 
acetate acts on the esters of unsaturated acids, pyrazolinedicarboxylic 
esters are produced, which lose nitrogen when heated, yielding tri- 
methylenedicarboxylic esters : 


CO,Me:CH 

i I H: _ 

cH, * {>CH-00,Me &H,—0H-co,Me ; 
von Pechmann, again (Ber., 1894, 27, 1890), obtained methyl 


pyrazoline-4 : 5-dicarboxylate by the interaction of diazomethane and 
methyl fumarate, 


CO,Me-CH Cay CO,Me: 
CO,Me-CH * CO,Me: 


the pyrazolinecarboxylic esters being here represented in their pseudo- 
form to indicate more clearly the loss of nitrogen. Another ring- 
system which readily parts with the element arises from diazomethane 
and thiocarbimides, von Pechmann and Nold (Ber., 1896, 29, 2588) 


having shown that phenylaminothiodiazole, 
S—-N 
OpHs NHC A 


behaves in this manner when fused, whilst the recent conversion 
of aldehydes into methyl ketones by the action of diazomethane 
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(Schlotterbeck, Ber., 1907, 40, 479) has been explained with some 
plausibility by assuming the intermediate formation of furodiazoles, 


R-CH:0+0H,<1 = el OFT = x, ae 
3 


Hence the possibility of mutual eatisfaction of affinity between the 
carbonyl and triazo-groups appears by no means remote, and is 
independent of the alternative representations, 

-N°N:N and -CH:N:iN, 
which might be used for the azoimide complex and aliphatic diazo- 
radicle respectively. 

Another argument in favour of this explanation may be drawn from 
the behaviour of triazoformic, as compared with that of triazoacetic, 
ester. When ethyl triazoformate is treated with aqueous potash, the 
substance is promptly hydrolysed, nitrogen being eliminated exclusively 
in the form of hydrazoic acid : 

N,°CO,°C,H, + H,O = HN, + CO, + C,H,°OH ; 
here there is no hydrogen attached to the carbon atom with which the 
triazo-group is combined, and consequently the tendency towards ring- 
formation as indicated above cannot find expression, whereas triazo- 
acetic acid so far resembles triazocamphor as to yield nitrogen when 
boiled with excess of potash, unaccompanied by hydrazoic acid, 
N,°CH,°CO,H —> N,+NH-:CH:CO,H, 

although the negative hydroxyl group certainly exerts a powerful 
retarding influence on the change. Whilst, however, this hypothesis 
of potential ring-formation appears to us a reasonable one, difficulty 
arises in connexion with triazoacetoxime and the oxime of eamphoryl- 
azoimide. It has been shown that the latter substance yields hydrazoic 
acid instead of nitrogen with alcoholic potash (Trans., 1907, 91, 874), 
but we now find that triazoacetoxime furnishes both hydrazoic acid and 
nitrogen with the utmost readiness, sud a comparison of the formule: 


HN, CH,:N, 
CH bon 284 CE) Now 


does not suggest an explanation of this apparent discrepancy. Tri- 
azoacetoxime is a very labile substance, however, and cannot be 
distilled, even under 2 mm. pressure, without undergoing decomposi- 
tion; moreover, we believe it has a tendency to undergo transforma- 
tion into the nitroso-modification, and consequently it may be supposed 
that the liberation of nitrogen is due to intermediate association of the 
triazo- and nitroso-groups, 
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opportunity for which does not present itself in the case of the 
camphory! derivative. 

The properties of triazoacetic ester naturally invite comparison 
with those of the corresponding diazo-compound, prepared by Curtius, 
and the contrast between the two substances brings out once more the 
stability of the triazo-group as compared with the diazo-complex. 
Boiling water, iodine, mercuric oxide, and ammoniacal silver oxide 
leave the ester unchanged, and sodium does not dissolve in the cold 
substance ; it is, moreover, colourless, and the odour is very faint. 
Furthermore, triazoacetic ester may be hydrolysed to the acid, which 
is a well-defined substance, and does not decompose below i00°, 
whereas attempts to liberate diazoacetic acid by passing carbon dioxide 
through the hydrolysed ester result in liberation of nitrogen, whilst 
concentrated aqueous alkalis induce simultaneous hydrolysis and poly- 
merisation, leading to bisdiazoacetic acid. 

We are engaged in studying the triazo-derivatives of other typical 
members of the aliphatic series, including alcohols, aldebydes, ketones, 
and esters ; such compounds have been prepared from methyl] ethyl 
ketone, malonic ester, and acetoacetic ester, and we hope to describe 
these in a subsequent communication. 


EXPERIMENTAL. 
Triazoacetic Acid, N,*CH,*CO,H. 


Fifty grams of triazoacetic ester were shaken with a 20 per cent, 
solution of potassium hydroxide containing 21 grams, this being a 
slight deficit from one molecular proportion; the temperature rose 
and the oil disappeared slowly, but there was no liberation of gas. 
After being twice extracted with ether, the neutral solution was 
treated with the calculated amount of sulphuric acid and extracted 
fifteen times with ether, which, when dried with ignited sodium 
sulphate, left a very pale yellow, oily liquid on evaporation. This was 
heated in boiling water during one hour under 2 mm. pressure, when 
the acid was found to be sufficiently anhydrous to solidify in melting 
ice, but there was no distillation at this temperature, and it was not 
considered safe to heat the substance more strongly. 

Triazoacetic acid crystallises in hygroscopic, glassy plates, and 
melts at about 16°. It has a very faint odour, suggesting that of 
butyric acid without the pungent effect; the substance is a strong 
acid, and feels greasy when rubbed between the fingers. On a hot 
plate, the acid detonates with a moderate explosion and takes fire, 
but when it is heated in a capillary tube a violent detonation occurs. 
It does not reduce ammoniacal silver oxide, even on boiling the 


solution. 
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The analysis of triazoacetic acid and ester has presented unusual 
obstacles, and more than twenty attempts have been made to obtain 
satisfactory results. The principal difficulty lies in the fact that 
when combustion is conducted under ordinary conditions, methane 
appears among the products, whilst adopting the device which has 
been suggested to meet this drawback, namely, substitution of lead 
chromate for copper oxide and mixing the substance with cuprous 
chloride (Dunstan and Carr, Proc., 1896, 12, 48, and Haas, Trans., 
1906, 89, 570), low results were obtained consequent on the pro- 
duction of methylamine. In the case of the acid, combustion for per- 
centage of carbon and hydrogen was finally carried out in a tube 
containing platinised asbestos, an attempt being made to maintain 
throughout the operation a large excess of oxygen, whic’: was used 
instead of air ; for the purpose of estimating nitrogen, advantage was 
taken of the fact that when potassium triazoacetate is heated with 
excess of potash the triazo-group undergoes disruption, and accordingly 
the weighed substance was mixed with 20 per cent. aqueous potash 
before being placed in the combustion tube : 


0°3306 gave 0°2913 CO, and 0:0892 H,O. C=24:03; H=2:99. 
00947 ,, 34:25 .c.c. of nitrogen at 18°5° and 747 mm. N=41°64. 
C,H,O,N, requires C= 23°76 ; H=2°97; N =41°58 per cent. 


In view of the violence with which aromatic azoimides lose nitrogen 
when treated with concentrated sulphuric acid, the behaviour of the 
agent towards triazoacetic acid is remarkable; when mixed with con- 
centrated sulphuric acid on a watch-glass, no change takes place 
immediately, and only on vigorous stirring with a glass rod does gas 
appear, very slowly at first, but quickly increasing in briskness. 

Estimation of molecular weight was conducted in benzene and in 
phenol. In the former solvent, 221 units represents the average of 
three experiments, whilst in phenol the mean of four amounted to 99 
units, the solution being brown; the formula C,H,O,N, requires 
101 units. 

Salts of Triazoacetic Acid.—The silver salt, C,H,O,N,Ag, obtained 
as a curdy precipitate on adding silver nitrate to a neutral solution of 
potassium triazoacetate, may be crystallised from boiling water in 
presence of a few drops of dilute nitric acid, separating in colourless, 
lustrous needles, An attempt to estimate the silver by cautious 
evaporation with nitric acid having led to a slight detonation, a 
weighed quantity of the substance was reduced with ammonium 
sulphide, the silver sulphide thereby precipitated being converted 
into silver. For the purpose of estimating nitrogen, the salt 
was mixed with 20 per cent. potash before being placed in the 
tube : 
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0:2661 gave 0°1385 Ag. Ag=52°05. 
01923 ,, 34:4 c¢.c. of nitrogen at 19° and 745mm. N=20°50, 
C,H,O,N,Ag requires Ag=51°92 ; N = 20-20 per cent. 
When heated on an iron plate, the substance detonates mildly and 
burns brightly. 

An attempt to prepare the copper salt led to a curious result. 
Having noticed that copper sulphate develops a deep green coloration 
when mixed with potassium triazoacetate, copper oxide was dissolved 
in an aqueous solution of the free acid. It was noticed, however, that 
this solution steadily liberates gas when heated on the water-bath, 
and, although the liquid may be concentrated at 40°, an attempt to 
obtain crystals of the copper salt by leaving the liquid in a desiccator 
failed, because at a high concentration gas was evolved, even at the 
ordinary temperature. A dark green, hygroscopic powder finally 
remained, and, on warming an aqueous solution of this product with 
dilute potash, it remained momentarily clear, but suddenly precipi- 
tated cuprous oxide and liberated ammonia. 

The potassium salt is freely soluble in water, and is precipitated 
by concentrated potash. A neutral, moderately dilute solution is 
surprisingly stable, and may be boiled without evolving gas, but on 
adding to the hot liquid some 40 per cent. potash, torrents of gas are 
liberated, followed, after a momentary pause, by another rush of gas, 
consisting of nitrogen and ammonia, and the effervescence is continued 
in this characteristic fashion by further addition of alkali. We have 
made several attempts to isolate the products ‘of this change, which 
should include glyoxylic acid, but hitherto we have been able to recog- 
nise only oxalic acid, which probably arises from glyoxylic acid by the 
action of potash. When the potassium salt has been treated with 
excess of alkaliin the manner indicated above, the liquid deposits 
crystals on cooling, but the composition of this product appears to 
vary considerably according to the conditions of the experiment. On 
one occasion, a small quantity of a substance was obtained which left 
no residue on evaporation with concentrated sulphuric acid, and 
appeared to be an ammonium salt; it reduced ammoniacal silver 
oxide and Fehling’s solutions immediately without warming, but this 
property disappeared on boiling with potash, and the reaction is being 
studied therefore more fully. 

A neutral solution of potassium triazoacetate gives a lustrous, 
crystalline precipitate with lead nitrate, and a deep red coloration 
with ferric chloride. 
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Ethyl Triazoacetate, N,*CH,CO,*C,H,. 


Two hundred grams of ethyl] chloroacetate and 100 grams of alcohol 
were heated under reflux during three hours with 120 grams of 
sodium azide, and sufficient water to maintain the salt in solution; a 
current of steam was then passed through the liquid, from which the 
ester was quickly removed. On diluting the distillate with water, 
adding a considerable quantity of crystallised sodium acetate, and 
allowing the heavy oil to separate, 190 grams of the substance were 
obtained, and this was shaken twice with water, dried with calcium 
chloride, and distilled under 2 mm. pressure, when it boiled to the last 
few drops at 44—46°. 

The difficulties presented by the analysis of this ester have been 
mentioned above, and after eight attempts, the indicated results of 
which vary between 19°8 and 34°'3 per cent. of nitrogen, we are still 
unable to record a satisfactory estimation of this element ; by the 
use of platinised asbestos, however, fairly concordant determinations 
of carbon and hydrogen have been obtained, although these have been 
usually too high, owing to the difficulty of avoiding the formation of 
nitrous fumes, even in presence of silver gauze : 


0°1571 gave 0°:2100 CO, and 00790 H,O. C=36:30; H=5°62. 


C,H,O,N, requires C= 37:21 ; H=5-43 per cent. 


We are indebted to Dr. Joshua for an independent estimation of 
carbon by oxidation with a mixture of sulphuric and chromic acids: 


0:1202 gave 0:1620 CO,. C=36-76 per cent. 


It happens, unfortunately, that the gasometric estimation of nitrogen 
eliminated by concentrated sulphuric acid, hot potash, or stannous 
chloride cannot be used to supplement the above analytical data 
regarding the ester, because the action in each case takes an abnormal 
course, and the percentage of gas evolved by these agents agrees more 
closely with half the azidic nitrogen (16°3 per cent.) than with two- 
thirds (217 per cent.). So regular is this discrepancy from the 
expected result that we became suspicious, before the analytical 
difficulties were surmounted, regarding the identity of the ester, as it 
seemed possible that the triazo-group had conferred on acetic ester the 
capacity to form an alcoholate, because it happens by chance that 
two-thir "s of the nitrogen required by the formula, 

N,°CH,°C(OEt),-OH 
amounts to 16:0 per cent., or, roughly, half the nitrogen content of 
the simple ester. Accordingly, a specimen of triazoacetic ester was 
prepared by heating 50 grams of ethyl chloroacetate under reflux with 
sodium azide dissolved in water, but the product was found to corre- 
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spond in every respect with the ester prepared in presence of alcohol ; 
the action proceeds in the same way, but is much more sluggish than 
when alcohol is used. The abnormal behaviour indicated above still 
awaits explanation, therefore, and we hope to furnish this later. 

Triazoacetic ester is a limpid, colourless oil, having a faint, sweet 
odour, more suggestive of chloroform than of ethyl acetate, the 
resemblance to the latter becoming more marked in steam, with which 
the substance is readily volatile; when inhaled for some seconds, the 
vapour produces a throbbing sensation in the head, and slight palpita- 
tion of the heart. On mixing with concentrated sulphuric acid, there 
is no effervescence at first, but, on stirring vigorously, gas is liberated 
slowly, the disengagement becoming ultimately quite brisk; with 
stannous chloride dissolved in concentrated hydrochloric acid, nitrogen 
is evolved immediately. When the ester is shaken and warmed with 
10 per cent. caustic potash, it is quickly hydrolysed, forming a clear 
solution of potassium triazoacetate, but concentrated alkali (40 per 
cent.) appears to leave the substance unchanged, unless alcohol is added 
or the temperature raised. Freshly-cut sodium does not dissolve in it 
unless the liquid is heated, when vigorous action takes place ; the 
substance is indifferent towards mercuric oxide and a solution of 
iodine in potassium iodide. 

The specific gravity of triazoacetic ester is 1127 compared with 
water at 20°. An estimation of molecular weight in benzene gave 
119, 125, and 127 units, the formula C,H,O,N, requiring 129. 


Triazoacetamide, N,*CH,*CO-NH,. 


When shaken with aqueous ammonia, the ester dissolved, and, on 
evaporating on the water-bath, a pale red liquid remained which 
solidified on cooling ; this was drained on earthenware, and recrystal- 
lised twice from hot benzene : 

0°1411 gave 68-4 c.c. of nitrogen at 20° and 758 mm. N=56-30. 

C,H,ON, requires N = 56-00 per cent. 

Triazoacetamide forms tough, lustrous, colourless needles, frequently 
exceeding an inch in length, and melting at 58°; it is readily soluble 
in water and in alcohol, but is most conveniently crystallised from hot 
benzene, in which it is moderately soluble, whilst boiling petroleum 
also dissolves it, but less freely. When thrown on a hot plate, it 
detonates feebly and takes fire. 

The substance is unusually resistant towards concentrated sulphuric 
acid, with which it must be warmed to about 50° before gas is liberated ; 
cold 60 per cent. aqueous potash, however, attacks it immediately, 
torrents of nitrogen and ammonia being liberated, whilst more dilute 
solutions of alkali disrupt the triazo-group very slowly. An aqueous 
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solution of the amide dissolves yellow mercuric oxide on boiling, but 
the resulting compound, unlike mercury acetamide, does not lose the 
metal when treated with hydroxylamine hydrochloride, a precipitate 
being formed only on adding alkali, when effervescence takes place 
(compare Trans., 1898, 73, 785). 


Ethyl Triazoformate, N,*CO,°C,H,. 


Methyl azoimidocarbonate was prepared by Curtius and Heidenreich 
(J. pr. Chem., 1895, [ii], 52, 454) from ammonium azoimide and 
methyl chlorocarbonate, and, in order to compare the condition of the 
triazo-group in this type of compound with the behaviour of the same 
complex occurring in the acetic series, we have examined the corre- 
sponding ethyl ester, which was prepared by agitating 50 grams of ethyl 
chlorocarbonate with an aqueous solution of sodium azide containing 
35 grams until the pungent odour of the original material was no 
longer perceptible ; the heavy oil was then removed, dried with sodium 
sulphate, and distilled under 2 mm. pressure, when it boiled steadily 
at 25°, 

The colourless, limpid ester has sp. gr. 1118 compared with water at 
18°, and boils at 114° under 769 mm. pressure, but is liable to explode ; 
the odour is more powerful than that of triazoacetic ester, and the 
disagreeable effects of inhaling the vapour are much more marked. 
It may be mixed with concentrated sulphuric acid or 40 per cent. potash 
without evolving gas, but the alkali hydrolyses it completely to hydrazoic 
acid, alcohol, and earbonic acid ; it is therefore impossible to produce 
triazoformic acid, or even the salts, because a deficit of alkali merely 
leaves the corresponding amount of ester unchanged. Alcoholic 
ammonium sulphide reduces ethyl triazoformate to urethane, nitrogen 
being set free. 


Triazoacetone (Acetonylazoimide), N,*CH,*CO-CH,. 

The monochloroacetone required for the production of triazoacetone 
was prepared by Fritsch’s method (Annalen, 1894, 279, 313), which 
we have found to yield excellent results. 

One hundred grams of chloroacetone (b. p. 119—121°) were shaken 
with a concentrated aqueous solution of sodium azide containing 80 
grams, to which a few drops of glacial acetic acid had been added ; 
after twenty-four hours, the pungent odour of chloroacetone being no 
longer perceptible, the oil was extracted with ether, dried with sodium 
sulphate, and distilled under 2 mm. pressure. The product, weighing 
90 grams, was shaken with freshly-ignited sodium sulphate, and again 
distilled under 2 mm. pressure, the major portion boiling at 54°, and 
having sp. gr. 1°123 compared with water at 18° : 

VOL, XCIII. G 
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0'2398 gave 0°3204 CO, and 0:1132 H,O. C=36-44; H=5:24. 
0°1685 ,, 61:1 cc. of nitrogen at 19° and 761 mm. N= 42°45, 
C,H,ON, requires C= 36°36 ; H=5:05 ; N=42-42 per cent. 

Freshly-distilled triazoacetone is a colourless, highly refractive 
liquid having a faint odour, but after a few days, even when preserved 
in a well-stoppered bottle and protected from light, the odour of 
carbylamine is noticeable in the specimen, which has become yellow. 
The substance exhibits no tendency to solidify, remaining quite limpid 
in a freezing mixture ; it is sparingly soluble in water, and very readily 
volatile in steam. When dropped on a hot plate, triazoacetone 
explodes, and burns with a brilliant flame; concentrated sulphuric 
acid decomposes the substance immediately, liberating nitrogen. 

Action of Alkali.—When triazoacetone is treated with concentrated 
aqueous potash (40 per cent.), nitrogen is liberated with almost 
explosive violence, and the liquid becomes red; even with a 1 per 
cent. solution of the alkali, gas evolution is quite brisk, and several 
concordant estimations of the nitrogen evolved during the change 
indicated that this amounted to roughly 4 per cent. less than two- 
thirds : 

0°1550 gave 33:4 c.c. of nitrogen at 22° and 761mm. N=24'3. 

C,H,ON, requires 2/3N = 28°3 per cent. 


By decomposing 5 grams of the triazo-ketone at one time, steaming 
the product while alkaline, then adding dilute sulphuric acid and dis- 
tilling again, we were able to show that the deficit indicated above is 
due to simultaneous production of hydrazoic acid, which was easily 
recognised in the acid distillate. Excepting ammonia, however, the 
other products of the changes involved are not easily identified. The 
fact that nitrogen, ammonia, and hydrazoic acid are eliminated, indi- 
cates that the following decomposition occurs : 


I. N,‘CH,*CO-CH, = N, + NH:CH:CO-CH,. 
IL. NH:CH-CO-CH, + H,0 = NH, + 0:CH‘CO-CH,. 
III. N,*CH,*CO-CH, + H,0 = HN, + HO-CH,:CO-CH,. 


Accordingly, it should be possible to recognise both pyroracemic 
aldehyde and acetol in the product, and, although we have failed to 
isolate these compounds, probably owing to the further action of 
alkali, the presence of reducing materials is indicated by vigorous 
action on Fehling’s solution and ammoniacal silver oxide. 

The Semicarbazone—On mixing 6 grams of triazoacetone with 
6:5 grams of semicarbazide hydrochloride and 5 grams of sodium 
acetate in water, the semicarbazone was precipitated immediately. 
After being recrystallised twice from absolute alcohol, it melted at 
152° without evolving gas : 
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0:1258 gave 58°7 c.c. of nitrogen at 22° and 761 mm. N=54:06. 
C,H,ON, requires N = 53°84 per cent. 

The semicarbazone crystallises from water or alcohol in long, 
brilliant needles; it effervesces with aqueous potash and, more 
slowly, with concentrated sulphuric acid. 

This derivative has been prepared from several specimens of triazo- 
acetone, as it forms a convenient substance by which to identify the 
ketone, and on one occasion the latter remained in association with 
excess of semicarbazide during several hours. The product in this 
case was quite distinct from the semicarbazone described above, being 
very sparingly soluble in common media, and precipitated by alkali 
from solution in acids. A specimen recrystallised from glacial acetic 
acid was therefore analysed, but the combustion presented considerable 
difficulty, as the substance has no definite melting point, and decom- 
poses at a high temperature, leaving carbon : 

0:1476 gave 0°1733 CO, and 0:0763:H,O. C=32:02; H=5°78. 
01300 ,, 50°3 c.c. of nitrogen at 17° and 758 mm. N= 45-43. 
C;H,,O.N, requires C= 32°25; H=5°38; N=45-16 per cent. 

We believe therefore that this compound is the bis-semicarbazone 
of methylglyoxal, 

CH,°C(:N-NH:CO-NH,):CH:N:NH:CO-NH,, 
because we have found that, under certain conditions, hydroxylamine is 
capable of transforming acetonylazoimide into methylglyoxime, 
OH,*C(;NOH):CH: NOH ; 

the latter change indicates a disposition to undergo oxidation on the 
part of the terminal carbon atom, recalling the behaviour of fructose 
towards phenylhydrazine, but, so far as we know, the alteration in 
question has not previously been effected by semicarbazide. 


Triazoacetoxime, N,*CH,*C(: NOH):CH,. 


Five grams of triazoacetone were warmed to 50° with a solution of 
hydroxylamine containing 4 grams of the hydrochloride in 80 c.c. of 
water, neutralised with 3°2 grams of anhydrous sodium carbonate ; the 
oil dissolved, and the solution suddenly became turbid. After two 
hours’ agitation, the product was extracted with redistilled, purified 
ether, and dried with sodium sulphate, the solvent being removed by 
exposing the liquid to a pressure of 2 mm. during four hours : 


0:0786 gave 33°5 c.c. of nitrogen at 18° and 745mm. N=49-01. 
O,H,ON, requires N = 49°12 per cent. 
This experiment was made subsequently to an attempt to distil 
50 grams of triazoacetoxime under 2 mm. pressure. On this occasion, 


about 25 grams boiled at 84°, whilst the résidue in the flask gradually 
G 2 
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became dark brown, finally exploding with considerable violence ; the 
distillate was colourless, and had a faint odour of prussic acid, which 
alone indicates decomposition, since the undistilled oxime is odourless, 
and, moreover, when analysed, furnished an amount of nitrogen 2 per 
cent. below that required by the empirical ormula C,H,ON,. It is 
noteworthy that bromoacetoxime also undergoes explosive decom- 
position when distilled. 

Triazoacetoxime is colourless, and does not solidify in the freezing 
mixture ; its behaviour towards concentrated sulphuric acid resembles 
that of triazoacetic acid and ester, liberation of nitrogen occurring 
only after some delay, and on vigorous agitation. When treated with 
40 per cent. potash, nitrogen is liberated in considerable quantities, but 
hydrazoic acid is also produced; if, however, more dilute alkali 
(20 per cent.) is employed without heating, all the nitrogen is eliminated 
in the form of hydrazoic acid, along with a substance having the 
properties of the oxime of acetol : 

N,°CH,°C(NOH):CH, + H,O = HN, + HO-CH,°C(:NOH):CH,, 

Before the unstable character of triazoacetoxime was appreciated, an 
attempt was made to prepare this compound by the action of 
hydroxylamine sulphate instead of the free base. Twenty grams of 
triazoacetone were suspended in 300 c.c. of water, and agitated with 
32 grams of hydroxylamine sulphate in 150 c.c. of water; the oil 
disappeared gradually but, the odour of hydrazoic acid becoming 
perceptible, the product was allowed to remain ten days in order to 
complete the change. The liquid was then extracted three times with 
ether, and on removing the solvent, after drying with sodium sulphate, 
9 grams of a lustrous, crystalline solid separated from the oily residue ; 
on recrystallising this product from hot benzene, of which 200 e.c. 
were required by 1 gram, it was found to be methylglyoxime, and 
was obtained in minute needles, melting at 157° without evolving 
gas : 

0°1489 gave 35°4 c.c. of nitrogen at 18° and 756 mm. N=27°74. 

C,H,O,N, requires N = 27°45 per cent. 

The production of methylglyoxime and the bis-semicarbazone of 
methylglyoxal by the action of hydroxylamine and _ semi- 
carbazide respectively on triazoacetone, is an interesting case of that 
type of oxidation which leads to the formation of osazones. A similar 
observation has been made in connexion with chloroacetoxime by 
Hantzsch and Wild (Annalen, 1896, 289, 285) and Scholl and 
Matthaiopoulos (Ber., 1896, 29, 1550), methylglyoxime being obtained 
when excess of hydroxylamine acts on the substituted ketoxime. It is 
probable, also, that the same change occurs when hydroxylamine acts 
on hydroxyacetone, because Kling (Ann. Chim. Phys., 1905, [viii], 5, 
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482), who performed the experiment, records the production of a 

compound melting at 153°, and an analysis which furnished 26:6 per 

cent. of nitrogen ; Kling suggests the constitutional formula, 
CH,°C({-NOH):CH,-NH-OH, 

but, as there is no evidence for this view, it seems to us more probable 

that he had in hand an imperfectly purified specimen of methyl- 

glyoxime. 

The p-Toluenesulphonic Derivatiwe.—The oxime being an oil, it was 
considered desirable to characterise the substance further by preparing 
a crystalline deriv.tive. Triazoacetoxime dissolved in pyridine was 
accordingly treated with p-toluenesulphonic chloride ; the oil which 
separated on dilution with water quickly solidified, and was re- 
crystallised from boiling light petroleum, in which the substance 
dissolves sparingly, 1 gram requiring about 100 cc., from which 
it crystallises in large, lustrous, striated plates, melting at 73°: 

0°1090 gave 20:2 c.c. of nitrogen at 23° and 757 mm. N = 21:29, 

C, 9H,,0,N,8 requires N = 20°90 per cent. 

The substance, although snow-white when freshly crystallised, 
rapidly deteriorates, becoming brownin a few days. Thrown on a 
hot plate, it detonates, and burns with a brilliant flame; it is 
moderately soluble in cold methyl or ethy! alcohol, dissolving freely in 
chloroform, benzene, or ethyl acetate. 


Roya CoLLEGE or ScrENCE, LONDON. 
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IX.—The Influence of Acids and Alkalis on the 
Velocity of Formation of Acetoxime. 


By Ernest Barrett and ArtHuR LApworTH. 


In a paper which appeared in the July number of this Journal 
(Trans., 1907, 91, 1133), it was shown bv one of us that acids 
accelerate oxime formation, and that certain .ximes are formed with 
great ease even in presence of concentrated hydrochloric acid. At the 
conclusion of the paper, a subsequent communication on measure- 
ments of the velocity of reaction between hydroxylamine and acetone 
and aldehyde in presence of both bases and acids was promised. The 
measurements referred to had been made some time before the first 
paper was submitted to the Society ; the work had been going on for 
some eighteen months, and the further investigation was in progress. 
Tn the September number of the American Chemical Journal, a 
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paper by Acree and Johnson appeared (Amer. Chem. J., 1907, 38, 
258), which dealt with many chapters of catalysis, and included 
measurements on the equilibrium point of the reversible reaction 
between acetaldoxime, acetone, and hydroxylamine hydrochloride, the 
velocity of hydrolysis of acetoxime with hydrochloric acid, and the 
velocity of formation of acetoxime from acetone and free hydroxyl- 
amine (loc. cit., p. 308 et seq.). 

Towards the end of November, Prof. Acree wrote stating that he 
had only recently seen Lapworth’s paper for the first time, and drew 
our attention to his work with Johnson, expressing the hope that we 
might see our way to abandon the investigation to him. In the 
circumstances, we have decided to submit to the Society a brief account 
of the more important observations we had made before last July, 
when the first communication of the proposed series appeared, and the 
observations we select are those which appear to add something to the 
discoveries of Acree and Johnson and other workers, but they do not 
solve the question of the mechanism of the reaction. On the other 
hand, we have agreed to abandon the further study of the velocity of 
formation and hydrolysis of oximes, at least for the present, in favour 
of the American authors. 

The work was begun some two years ago, after hearing from 
Stewart, the last worker on the velocity of oxime formation (Trans., 
1905, 8'7, 410), that he did not propose to extend his researches in 
this direction. The measurements were made much in the manner 
described by Stewart, but were carried out at 0° with solutions in 
which the concentrations of acetone and hydroxylamine were WV/40 in 
nearly all cases. Instead of sodium phosphate, sodium acetate was 
used during the titrations, for it was desired to study the formation 
of aldoximes, in which case sodium phosphate was found to be useless. 

In brief, our results supplement those of other workers in the 
following points. The acceleration of oxime formation by alkalis, 
first noticed by Auwers (Ber., 1889, 22, 605), we find to be very 
considerable and nearly proportional to the concentration of alkali. 
The acceleration of the reaction between hydroxylamine and acetone 
by hydrochloric acid is rather less marked at first, but rises with 
increasing proportions of acid very rapidly to a maximum, in which 
there is little or no suggestion of lag, to a point where there is 
present about 0°5 to 0:6 equivalent of acid, the velocity here being 
more than fifty times as great as with free hydroxylamine alone. 
It then falls almost as rapidly to the point where there is present 
rather more than one equivalent of hydrochloric acid, after which the 
variation of velocity with amount of acid present is small (see 
diagram, p. 92), 

With acetaldehyde, more difficulty was experienced in estimating 
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the greater velocity of reaction, and much higher dilutions were 
necessary. The curve obtained on plotting our preliminary results 
was much like that for acetone, but the point of maximum velocity 
was reached with a somewhat larger proportion of acid. 

The acceleration of oxime formation by addition of alkali, and the 
approximate proportionality of the velocity to the concentration of 
alkali present, suggests at once that the hydroxylamine behaves as a 
weak acid and reacts with the carbonyl compound in much the same 
manner as does hydrocyanic acid (compare Trans., 1903, 83, 997; 
1904, 85, 1214 and 1355, &c.). 

Thus, to take the simplest possible ionic view, the hydroxylamine 


< - 
may be supposed to yield the ions H* and -NH-OH, the latter of 
which, as a weak ion, forms a complex with the carbonyl compound ; 


R,C=0+-NH-OH <—> ee 


this complex ion formation being relatively very slow. 
The idea that ammonia in analogous cases reacts as an acid and 


in the parts i and NH, or NH,°OH has been suggested by Knorr 
(Ber., 1899, 32, 731), and revived in a slightly different form by 
Lowry (British Assoc. Report, 1904, “ Dynamic Isomerism,” p. 11). 

The question of the mechanism of the acceleration of oxime formation 
by acids is certainly much less straightforward. From the fact that 
an equilibrium is attained when acids act on acetoxime, Acree and 
Johnson conclude that the reaction involves the union of the hydroxyl- 
ammonium ion with the ketone as neutral constituent : 


(CH,),CO + NH,-OH —> (CH,),00-NH,‘OH. 

This is highly improbable ; firstly, because of the already high 
electro-affinity of the hydroxylammonium ion, and secondly, because 
all the evidence hitherto goes to show that only negative groups become 
attached to the carbon atom of the carbonyl! group. 

A more likely suggestion is that the hydroxylammonium ion is not 
directly concerned, but that the acetone forms complex ions with 
hydrogen ions which are present as the result of hydrolysis of the 
hydroxylamine salt : 


de + OH 
(CH,),CO+H* <—+> (CH,),C< 


+ 
(the oxonium ion (CH,),c:0< 2 being possibly formed at an inter- 


mediate step), and this positive ion then attacks the free hydroxyl- 
amine, forming a substituted hydroxylammonium ion: 


+ OH + OH 
(CH,),C<°7 4. NH,-OH <—> (CH,).OSN, OF: 
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Acree and Johnson’s view would predict a regular rise in the 
velocity from the state where free hydroxylamine is present to that 
where there is one equivalent of acid, and after this a regular, but 
very slight, fall. 

On the view now suggested, addition of acid to free hydroxylamine 
would at first produce little effect, and afterwards a rapidly increasing 
acceleration for a time, leading to a curve at first distinctly concave 
towards the line A in the diagram, and near and beyond the point 
where an equivalent of acid is present a maximum followed by a slight 
decreasing velocity as with Acree and Johnson’s proposition. 

It is not worth while at present to enlarge on these views. Neither 
explains the curious variation of the velocity between the points A 
and B on the diagram. It seems hardly possible that this can be 
elucidated by any view as to the mechanism of oxime formation from 
hydroxylamine and acetone. A supposition which would lead to a 
curve attaining a maximum value between these points would be one 
assuming that the measured change involved the interaction of free 
hydroxylamine, hydroxylammonium ions, and acetone, but this would be 
roughly of the form y= (a — x), and would show a rapid rise near A, a 
slow change near the maximum, and an increasingly rapid fall to B. 
The curve rather appears to suggest that its form may be due to a 
peculiarity either of acetone or of hydroxylamine itself. Is it 
possible, for example, that hydroxylamine gives a salt, (NH,°OH),,HCI, 
yielding a base, (NH,°OH),, by hydrolysis, and transformed by 
excess of hydrochloric acid into NH,*OH,HCl? ‘The tendency of the 
oxygenated derivatives of ammonia to form more complex aggregates 
may be recalled, and a salt of the formula quoted is known to be 
produced readily enough in the solid form, but whether this exists to 
any large extent as such, or as its ions, in aqueous solution, does not 
appear to be known. A fact which seems to militate against such 
an explanation is that the condition for maximum velocity with 
acetaldehyde does not appear to coincide with that with acetone, the 
point lying somewhat nearer the line B. 


EXPERIMENTAL. 


In the following series of experiments with acetone, the initial 
concentrations of hydroxylamine and acetone were, in all cases, V/40. 
The solutions in which the reaction was studied were prepared by 
mixing equal volumes of V/19 solution of acetone and hydroxylamine 
hydrochloride to the latter of which had previously been added vary- 
ing quantities of sodium hydroxide or hydrochloric acid, it being so 
arranged that immediately after admixture there should be exactly 
1 gram-molecule each of ketone and total hydroxylamine per 40 litres 
of solution, and all operations were carried out at 0°, 
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In the tables given, the amounts of hydrochloric acid or sodium 
hydroxide present are also stated in gram-molecules per 40 litres, and 
it is to be understood that the stated amount of hydrochloric acid in 
each case includes both the free acid and that combined with the 
hydroxylamine ; similarly, in experiments II to IV, the amount of 
sodium hydroxide given refers to the excess of the latter used over 
that required to convert all the hydroxylamine present into free base. 
In the majority of the experiments, therefore, sodium chloride was 
necessarily present, but we have found that the effect of this salt was 
hardly perceptible, and did not produce any effect on the velocity of 
reaction sufficient to alter in any way the general conclusions to 
which the investigation leads. 

After many preliminary trials, the method adopted for estimating 
the amount of oxime formed was to determine the quantity of 
hydroxylamine which remained by oxidising it with excess of standard 
iodine solution as other workers have done, but having found that in 
alkaline media, such as sodium phosphate or bicarbonate, concordant 
results could not be obtained in presence of aldehydes, we were finally 
led to carry out the titrations in presence of sodium acetate. This 
salt, if highly purified, serves a similar purpose, and in its presence 
hydroxylamine may be determined with a very fair degree of 
accuracy, providing that much free acid is not present with the 
hydroxylamine. 

In each case, the time which elapsed between the- moment of 
admixture and that of withdrawing an aliquot portion of the solution 
for titration is given in minutes. The number indicating the amount 
of oxime formed represents the number of gram-molecules present 
per 4000 litres, the maximum possible at the end point being, of 
course, equal to 100, and was arrived at by subtracting the quantity 
of hydroxylamine unchanged in 40 litres from 100. The last number 
in each case represents the quantity of oxime formed at the end 
point. 

I. No acid or alkali present (that is, the solution was prepared 
so as to contain 1 gram-molecule each of hydroxylamine, hydro- 
chloride, and acetone per 40 litres, the free base being liberated by 
addition of 1 gram-molecule of sodium hydroxide per 40 litres) : 


t= 2 5 10 20 30 _— 
Oxime formed=° 5°'8 17°0 29°2 43°7 §2°9 99°5 


Series 1.—Jn Presence of Alkali. 


II. 0:20 gram-molecule of free sodium hydroxide present. In 
experiments II to IV a quantity of acid sufficient to neutralise the 
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alkali present was added to the sodium acetate before the titration of 
hydroxylamine : 


t= 2 5 10 21 36 
Oxime formed= 33°9 52°2 69°6 83°0 89°3 


III. 0°25 gram-molecule of sodium hydroxide present : 


t= 3 5 10 20 —_ 
Oxime formed= 49°5 68°3 81°6 90°9 98°8 


IV. 1:00 gram-molecule of sodium hydroxide present : 


t= 1 2 5 10 20 
(a) Oxime formed = 64°3 82°7 92°3 97:1 


() 5» vo = 814 66°3 84°4 92°6 97°9 


Series 2.—IJn Presence of Acid. 


V. 0°066 gram-molecule of hydrogen chloride present : 


t= 3 5 10 20 30 
Oxime formed= 7°3 13°4 28°7 52°2 68°6 


VI. 0°25 gram-molecule of hydrogen chloride present : 


t= 2 5 10 20 30 
Oxime formed= 19°3 43°9 73°8 81°7 83°5 


VII. 0°30 gram-molecule of hydrogen chloride present : 


t= 1 2 5 10 15 
Oxime formed= 21°7 84°5 67°4 81°4 85°0 


VIII. 0°40 gram-molecule of hydrogen chloride present : 
t= 1 2 5 11 20 
Oxime formed= 19°1 38°0 64°7 72°6 77°6 
IX. 0°50 gram-molecule of hydrogen chloride present : 
t= 3 5 10 20 30 
Oxime formed= 49°8 54°5 65°2 68°9 70°4 
X. 0°60 gram-molecule of hydrogen chloride present : 
t= 1 2 5 18 25 36 
Oxime formed= 31°6 44°2 54°9 68°5 68°5 = 694 
XI. 0°75 gram-molecule of hydrogen chloride present : 
t= 32 5 10 20 30 — 
Oxime formed= 31°3 46°5 50°4 58°7 61‘1 61°9 
XII. 1:00 gram-molecules of hydrogen chloride present (that is 
to say, in this experiment, initially only acetone and hydroxylamine 
hydrochloride were present) : 
t= 2 c 10 15 37 
Oxime formed= 16°3 28° 40°1 46°1 57°1 
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XIII. 1:50 gram-molecules of hydrogen chloride present : 


t= 2 5 10 20 85 
Oxime formed= 3°6 77 21°5 32°1 45°1 


XIV. 1512 gram-molecules of hydrogen chloride present : 


t= 1 2 5 10 25 
Oxime formed= 1°6 4°7 12°6 23°5 82°7 


XV. 1°64 gram-molecules of hydrogen chloride present : 


t= 2 5 10 20 80 
Oxime formed= 4°1 13°4 18°5 28°0 85°3 


XVI. 2:024 gram-molecules of hydrogen chloride present : 


t= 1 2 5 1l 25 
Oxime formed= 1°6 2°0(?) 12:2 23°8 81:2 50°6 


In the last cited and in other experiments in which more than 
2 molecular proportions of acid were present, the disturbing influence 
of the excess of acid on the titration of the hydroxylamine makes 
itself felt. In all cases, the quantity of hydroxylamine found was 
greater than that really present, so that the amount of oxime calcu- 
lated on the same basis as in the preceding experiments appears less 
than is actually the case. Nevertheless, the results showed clearly 
enough that, even when as much as 40 molecular proportions of 
hydrogen chloride are present, oxime formation takes place with, 
considerable velocity, and this does not appear to vary much within 
very wide limits. It had been our intention to examine this 
region, using sodium phosphate instead of acetate as the medium 
during titration. 

Fairly concordant numbers obtained on repeating a considerable 
number of the above experiments, indicate that the results may be 
regarded as correct within 2—3 units. 

We have also carried out experiments on similar lines, using acids 
other than hydrochloric acid, but the results were without much 
further significance. 

The most noteworthy points revealed by a glance at the numbers in 
the above tables are, first, that there is 2 minimum velocity at, or very 
near, the point where only acetone and hydroxylamine are present 
(experiment I); secondly, that very large acceleration is caused by 
the addition of alkalis or acids, the former having proportionately a 
considerably greater influence; thirdly, that there is a maximum 
velocity point between this point and that where the solution contains 
nothing but acetone and hydroxylamine hydrochloride. This is at about 
the point attained in experiment JX, and, as will be seen, the amount 
of oxime formed here in two minutes is larger than in any other case 
on the side where acid is present ; fourthly, beyond this point rapid 
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fall in the velocity occurs, but even where an enormous excess of acid 
is present there is evidence that the velocity of oxime formation 
remains perhaps larger than when free hydroxylamine alone is present, 

Owing to the rapid change of the velocity with acidity (and this 
varies during each experiment), it is not possible to obtain velocity 
constants, and the errors of time measurement in the first stages of the 
oxime formation render it difficult to obtain a value for the initial 
velocity under any prescribed conditions. However, remembering 
that when much acid is present partial hydrolysis of the oxime 
occurs, the reaction therefore being incomplete, a fair idea of the 
relative velocities with different conditions as to concentration of acid 
and alkali may be obtained by carefully plotting the results and 
ascertaining the time required for the reaction to proceed half way to 
the point at which change ceases. It is clear, of course, that it would 
be better to take points corresponding to one-quarter, one-tenth, or 
less, but this leads to a magnification of other errors, and it may 
be stated that the curves thus obtained are found to be very similar, 
showing precisely the some peculiarities. 

The following diagram exhibits the velocity of reaction estimated 
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Relative velocity of oxime formation. 
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by taking the inverse of the time required for the reaction to proceed 
half-way towards completion. The vertical line at A corresponds 
with conditions when acetone and free hydroxylamine only are present ; 
to the left of this, alkali, and, to the right, acid is present. The 
vertical line at B corresponds with the point where acetone and 


hydroxylamine hydrochloride only are present. 
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The velocities were found by ascertaining, graphically, the time 
required for the formation of one-half the amount of oxime present at 
equilibrium point, and the numbers given are one hundred times the 
reciprocals of these. 

The method of exhibiting the results, although rough, at least 
affords a general idea of some of the peculiarities in the formation of 
acetoxime. It is difficult to state precisely the points or magnitudes 
of the maximum or minimum velocities, but greater or less deviations 
than those indicated have not been found in spite of repeated search 
with slightly varying conditions. 

It is noteworthy that the extension of the curve on the right 
appears to be nearly horizontal beyond the limits shown ; in other 
words, it seems that with excess of hydrochloric acid the velocity 
varies only very slightly with the concentration. 

By varying either the amount of acetone or hydroxylamine while 
keeping the concentration of the other unaltered, we have ascertained 
that the velocity is nearly proportional to the concentration of each of 
these separately. 

The nature of the results we obtained in using acetaldehyde instead 
of acetone have already been alluded to. We hesitate to give the 
details, because those experiments were of a preliminary character, 
and, owing to the much higher dilution necessary, subject to errors 
which we hoped to be able tv eliminate on repeating the measure- 
ments, 


Our thanks are due to the Research Fund Committee of the 
Chemical Society for a grant, which helped to defray the cost of the 
investigation. 


GoLDsMITHS’ CoL.LEG@r, New Cross, 8.E. 


X.—A Colorimetric Method for the Determination of 
Small Percentages of Iron in Copper Alloys. 


By ArnoLtp Wiiu1am Gregory, B.Sc. (Lond.). 


It is often a matter of considerable importance to be able to determine 
accurately the amount of iron in copper alloys, on account of the 
effect of this element on their physical properties. The gravimetric 
methods are such that only by working with very large quantities of 
material can accurate results be obtained. Moreover, there is always 
a danger of iron being introduced into the solution of the alloy by the 
addition of large quantities of reagents which may contain a trace of 
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that element, and from external sources during the lengthy method of 
procedure. 

The following method has been found to give extremely accurate 
results ; it is simple in operation, and very rapid in execution. It is 
based upon the colour reaction given by salicylic acid and ferric 
chloride. The violet coloration produced when salicylic acid is added 
to ferric chloride, although affording a delicate test for iron under 
properly chosen conditions, cannot be relied on for the quantitative 
determination of that element, since the colour is destroyed in the 
presence of mineral acids and also by excess of alkalis. 

If, however, an excess of a solution of sodium acetate be added toa 
ferric salt, and then a solution of salicylic acid in acetic acid, a deep 
red colour is produced. Under these conditions, the depth of colour 
is proportional to the amount of iron present, and this method may be 
used for the estimation of small quantities of iron. 

In the case of copper alloys, the blue or green colour of the solution 
entirely masks the red colour produced by the iron. This difficulty is 
overcome by the addition of a weak solution of potassium cyanide in 
quantity sufficient for the formation of the colourless, complex cyanide 
of copper and potassium. The red colour is unchanged by this treat- 
ment. The exact method of procedure is as follows: 0:2 gram of the 
alloy is dissolved in a minimum quantity of strong nitric acid. If a 
precipitate is produced, due to tin or antimony, the liquid is diluted 
slightly and filtered. Lead, if present, must be removed as sulphate. 

To this solution, 20 c.c. of a concentrated solution of sodium acetate 
are added, and 10 c.c. of a 2 per cent. solution of salicylic acid in 
glacial acetic acid, A 3 per cent. solution of potassium cyanide is now 
added gradually until the green colour of the solution has disappeared, 
and the precipitate of copper cyanide is re-dissolved. The solution, 
which is red if iron is present, is now made up to a definite volume 
(depending on the intensity of the colour), and a measured amount is 
transferred to a Nessler comparison tube. 

Into a similar tube, 20 c.c. of sodium acetate solution and 10 c.c. of 
the salicylic acid solution are placed, and diluted to approximately the 
same volume as the solution of the alloy. A standard solution of 
ferric chloride is added drop by drop, with constant stirring, until the 
colour produced is similar in intensity in the two tubes. From the 
amount of the standard solution used, the percentage of iron may be 
calculated. 

By this method, it is possible to detect as little as 0°00002 gram of 
iron in the presence of 0:2 gram of copper. 

A strong solution of potassium cyanide must on no account be used, 
as this gives a coloured solution with pure copper salts, especially on 
warming. 
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This test cannot be satisfactorily employed in the case of alloys con- 
taining considerable percentages of bismuth. Zine and antimony, 
however, may be present without any appreciable error being 


introduced. 
EXPERIMENTAL. 


A solution of pure copper sulphate was made, such that 1 ¢.c. was 
equivalent to 0°02 gram of copper. Ten c.c. of this solution and 
3 c.c. of concentrated nitric acid were placed in each of seven beakers, 
and to all but the first of these varying amounts of a standard 
solution of ferric chloride were added. The tests were then carried 
out as described above, the solutions in each case being made up to 
100 c.c. The results obtained are given in the following table. The 
second column shows the number of c.c. of ferric chloride solution 
added to the copper sulphate ; the third gives the percentage of iron 
that each quantity represents; the fourth gives the number of c.e. 
of ferric chloride required to produce the same colour as that obtained 
in each of the test experiments, and the fifth shows the percentage 
of iron calculated from the volume of ferric chloride added : 


C.c. of C.c. of 
Number. FeCl, used. Percent, Fe. FeCl, required. Per cent. Fe 


1, nil nil nil nil 

2. 1 0°01 pe 0°011 
3. 2 0°02 ag! 0°021 
4. 5 0°05 5°2 0°052 
5. 10 0°10 10°4 0°104 
6. 15 0°15 15°7 0°157 
ts 20 0°20 21°0 0°210 


AppLEBY Iron Works, 
FRODINGHAM. 


XI.—Derivatives of Tetramethyl Glucose. 


By James Cotqunoun Irvine, D.Sc., Ph.D., and Acres Marion 
MoontE, M.A., B.Sc. (Carnegie Scholar). 


In previous study of alkylated sugars attention has been chiefly 
directed to reactions in which derivatives of a glucosidic nature are 
produced, and such compounds have been found to show, in general, 
a close relationship with the corresponding derivatives of the parent 
unalkylated sugars. In the present investigation, we have extended 
our work on tetramethyl glucose with the view of ascertaining 
whether the analogy also holds for derivatives generally regarded as 
non-glucosidic. 

Our results show that tetramethyl glucose enters into all the 
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characteristic reactions of the parent sugar, and, moreover, the optical 
rotations of the products are on the whole comparable with those of 
the corresponding unalkylated compounds. Several irregularities were 
observed, but apparently methylation has little effect on the charac- 
teristic chemical reactions of reducing sugars, except in increasing the 
stability of the compounds. In the first place, we have studied 
reactions in which the alkylated sugar might be expected to react as 
an alkyloxy-aldehyde, giving products in which the y-oxidie linking, 
characteristic of reducing sugars and glucosides, should be absent. In 
the case of dextrose, the only simple condensation compounds which 
are regarded as derived from a hydroxy-aldehyde are the acetals, 
mercaptals, hydrazones, oxime, and anilide. This view of the constitu- 
tion of the last compound has, however, not escaped criticism, and 
many arguments support the y-oxidic structure (Ber., 1894, 27, 
1287). 

We find that in the case of tetramethyl glucose, there seems no 
reasonable doubt that both the oxime and anilide do possess the 
y-oxidic linking in the sugar residue, and are thus to be regarded as 
derived from the a- or B-form of the sugar and not from the aldehydic 
isomeride. With regard to the tetramethyl glucosephenylhydrazone, 
our conclusions are unfortunately not supported by analytical data, 
but the structure of the compound seems to differ essentially from 
that of the anilide or oxime, and may possibly thus belong to the 
aldehydic type. 

Tetramethyl glucoseoxime was readily prepared by the action of 
hydroxylamine on a methyl-alcoholic solution of the sugar. Even 
after repeated fractional crystallisation, the melting point was inde- 
finite (61—68°), suggesting that the specimen was a mixture of stereo- 
isomeric forms. The compound differed from glucoseoxime in that no 
indication of mutarotation could be detected, either in alcoholic or 
aqueous solutions. The specific rotation in methyl alcohol was 
[a]; + 25-9°, a result which is comparable with the marked diminution 
in rotatory power observed when glucose is converted into its oxime. 
The constitution of the compound admits of several possibilities. 
Accepting the normal oxime structure, we have : 


I. MeO-CH,-CH(OMe):CH(OH)-CH(OMe):CH(OMe)-CH:NOH, 


which might exist in syn- and anti-modifications. As an alternative, 
the following structure is possible : 


II, MeO-CH,*CH(OMe):CH (OH)-CH(OMe)-CH(OMe)-CH<) 


On the other hand, if the sugar reacts in the y-oxidic form, the 
condensation may give rise to four isomerides : 


DERIVATIVES OF TETRAMETHYL GLUCOSE. 97 


III. MeO-CH,-CH(OMe):CH-CH(OMe):CH(OMe)-CH-NH-OH(aor). 
| O | 
IV. Me0-CH,-CH(OMe)-CH-CH(OMe)-CH(0Me)-CH-O-NH, (aor A). 
a | 


Of these possibilities, formula I alone represents a true oxime, and 
formula IV a true glucoside, as only in the latter case is the sugar 
molecule linked to the remaining group through an oxygen atom. 
The effect of alkylation on the compound offers a ready solution of 
the problem of its constitution. In the event of formule I or Il 
being correct, methylation should introduce two methyl groups, and 
hydrolysis of the product should give aldehydic pentamethy! glucose. 
In the case of formula III, only one alkyloxy-group could enter the 
molecule, and tetramethyl glucose should be formed on hydrolysis of 
the product. On the other hand, formula IV represents a compound in 
which the methoxyl content could not be increased. 

We find that by applying the silver oxide reaction to tetramethyl 
glucoseoxime, a derivative is formed containing five methoxyl groups, 
and, on hydrolysis, tetramethyl glucose is regenerated in almost 
quantitative amount. This result at once disposes of formule I, II, 
and IV. The absence of mutarotation may thus be explained, as, 
whatever the cause of this phenomenon in oximes may be, it is 
presumably dependent on the presence of the double bond. 

Evidence was also obtained that our preparation of tetramethyl 
glucoseoxime consisted of two stereoisomeric forms, as, during hydro- 
lysis, the specific rotation at first diminished very rapidly, and 
afterwards increased steadily to a constant value. Previous experience 
in the hydrolysis of alkyl glucosides has shown that this behaviour is 
significant of the presence of two stereoisomerides, which differ widely 
in their rotatory powers and rates of hydrolysis. Moreover, a similar 
result was observed during the hydrolysis of the pentamethylated 
oxime, which was doubtless also a mixture of a- and B-forms. It 
might be mentioned here that the latter hydrolysis showed many 
features in common with that of the natural glucoside, gynocardin, 
described by Power and Lees (Trans., 1905, 8'7, 355). Contrary to 
expectation, the process was extremely slow, prolonged boiling with 
hydrogen chloride being necessary, and hydrogen cyanide was steadily 
evolved for some hours. 

Before arriving at the above conclusion as to the constitution of 
tetramethyl glucoseoxime, we took the precaution of subjecting various 
other oximes to the joint action of silver oxide and methyl iodide, 
The substances selected for experiment were chosen with a view to 
testing the effect of the process on widely different types of oximes. 
In each case, the methylation proceeded normally, giving fully 
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alkylated derivatives. Thus cnanthaldoxime was readily converted 
into a monomethyl ether, whilst salicylaldoxime and benzoinoxime 
gave the corresponding dimethy! ethers. This shows that the oximido- 
group, in common with any other hydroxyl group which may be 
present, is capable of ready methylation by the silver oxide method, 
and the results arrived at by this process are therefore valid in 
deducing the constitution of oximes. The method, moreover, possesses 
many obvious advantages in the determination of the hydroxy] content 
of oximes, as the use of acetic anhydride in such estimations frequently 
results in molecular rupture or in nitrile formation, and, in addition, 
the products are often difficult to purify. 

Our examination of tetramethyl glucoseanilide has led to a similar 
conclusion as to its constitution. The compound, which was prepared 
by boiling an alcoholic solution of the sugar and the base, crystal- 
lised in long needles, melting at 132—134°. In acetone solution, 
it showed a high dextrorotation ([a]? +229°5°), and no mutarotation 
was observed, Apparently only one form was present in this crystal- 
line specimen, as during hydrolysis the specific rotation decreased 
continuously without fluctuation. The compound was quite unaltered 
after several successive treatments with silver oxide and methyl 
iodide, and, as in no previous case has any soluble hydroxy-compound 
resisted the action of these reagents, we conclude that the anilide is a 
y-oxidic form, and possesses the following formula : 


CH,:0-CH,°CH(0-CH,)-CH-CH(0-CH,):CH(0-CH,)-CH:NH-:0,H,. 
| O | 


Experiments are at present in progress, in which the constitution of 
glucoseanilide is being further investigated. 

The results obtained on applying similar methods to tetramethyl 
glucosephenylhydrazone were not so conclusive. The product of the 
methylation failed to crystallise, and could not be distilled under 
diminished pressure on account of decomposition. On hydrolysis, 
however, in addition to aniline and methylaniline, a colourless 
dextrorotatory syrup was obtained, which did not affect Fehling’s 
solution ; it therefore contained no tetramethyl glucose. As the 
substance was easily resinified, we were unable to identify it definitely 
as pentamethyl glucose, although its reactions agreed with those 
which might be expected for such a compound. At all events, the 
absence of tetramethyl glucose in the hydrolysis products points to 
the conclusion that the hydrazone of tetramethyl glucose differs 
essentially in structure from the corresponding oxime and anilide. 

The halogen derivatives of tetramethyl glucose, obtained by the 
action of phosphorus halides on the sugar, show considerable chemical 
similarity to those obtained from tetra-acetyl glucose. Both tetra- 


DERIVATIVES OF TETRAMETHYL GLUCOSE. 99 


methyl chloroglucose and tetramethyl bromoglucose are uncrystal- 
lisable syrups, the latter being very unstable. Both compounds are 
decomposed by water, and react with methyl alcohol in presence of 
silver carbonate to give a mixture of the a- and f-tetramethyl methyl- 
glucosides, a result which indicates that the preparations are also 
mixtures of a- and #-forms. Judging from the relative proportions 
of the two glucosides thus formed, and using this as an index of the 
composition of our preparation of tetramethyl chloroglucose, more than 
70 per cent. of the B-form must have been present. The bromo- 
derivative, like tetra-acetyl bromoglucose, could only be preserved for 
a few days without spontaneous decomposition. It was found that 
the substance could be applied synthetically in the formation of other 
alkylated glucosides. When dissolved, along with the molecular 
proportion of benzoin, in acetone and the solution heated with silver 
oxide, benzoin tetramethylglucoside, melting at 105—106°, was pro- 
duced. This change,}in which the alkylated sugar,residue is intro- 
duced into the hydroxy] position, may be regarded as a modification of 
the silver oxide reaction. 

We have also studied the action of a methyl-alcoholic solution 
of hydrogen chloride on tetramethyl glucose with the object of 
determining if the condensation of the alcohol and the sugar depends 
on the intermediate formation of an acetal compound. In previous 
cases (Trans., 1904, 85, 1063), this reaction has been conducted at 40°, 
using invariably 0°25 per cent. of hydrogen chloride, but in the present 
instance the effect of different concentrations of the acid at 20° was 
ascertained polarimetrically. Using a methyl-alcoholic solution con- 
taining 5 per cent. of the sugar and 8 per cent. of hydrogen chloride, 
the specific rotation diminished very rapidly, but without fluctuation. 
The total optical change, which was complete in one hour, was 
ap +79°2° —> +69°1% It will be seen that the initial rotation 
observed is lower than that found for tetramethyl glucose; this is 
doubtless due to the very rapid condensing action of the acid. The 
product consisted as usual of a mixture of the isomeric tetramethyl 
methylglucosides, and no indication of acetal formation was observed. 
A similar result was obtained by the substitution of 0°25 per cent. 
acid. In this case, the condensation was very slow at 20°, but the 
specific rotation of the solution, which was initially +84°8°, decreased 
steadily and ultimately became constant at +70°1°. The use of 
0:1 per cent. acid naturally occasioned very slow reaction, but in this 
case the change of specific rotation was not regular. During the first 
twenty-four hours, a fall of 9° in [a], was observed ; this was followed 
by a slow increase, occupying seventeen hours, to nearly the initial 
value. Thereafter the rotation diminished very slowly indeed, and 
the constant value, [a]) +66°8°, was only reached after the lapse of 
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seven months. These optical changes cannot be ascribed to muta- 
rotation of the sugar, or to the interconversion of the alkylated 
glucosides (Trans., 1904, 85, 1068; 1905, 87, 905), but, nevertheless, 
on examining samples of the solution at intervals, nothing was isolated 
from the product except the alkylated glucosides, mixed, when the 
condensation was incomplete, with quantities of unaltered tetramethyl] 
glucose. This reaction therefore gives no indication of the sugar 
reacting in the aldehydic form. 

The ready solubility of alkylated sugars in organic solvents enabled 
us to apply the Grignard reaction to tetramethyl glucose. This reaction 
has already been successfully carried out on tetra-acetyl-d-glucono- 
lactone by Paal and Hérnstein (Ber., 1906, 39, 1361), who obtained 
aBy5ef-hexahydroxy-aa-diphenylhexane as the main product. In our 
experiments, however, using magnesium methyl iodide, we have only 
obtained negative results so far, the alkylated sugar being recovered 
unaltered. 

It will thus be seen that with the exception of the doubtful case of 
tetramethyl glucosehydrazone, all the derivatives so far obtained from 
tetramethyl glucose belong to the y-oxidic type. 


EXPERIMENTAL. 
Preparation of Tetramethyl Glucoseoxime. 


Ten grams of the alkylated sugar were dissolved in methyl alcohol 
(200 c.c.) containing slightly more than one molecular proportion of 
hydroxylamine, and the solution was boiled for 90 minutes under 
a reflux condenser. The alcohol was then evaporated, the crystalline 
residue dissolved in dry ether, and the solution filtered. On evapora- 
tion of the solvent, a colourless syrup remained, which rapidly solidified 
to a mass of slender, prismatic needles; these were drained from 
adherent oil on a porous plate. The finely-powdered substance was 
afterwards extracted repeatedly with boiling light petroleum in order 
to remove traces of unaltered tetramethyl glucose, and then recrystal- 
lised from a mixture of equal parts of light petroleum and anhydrous 
ether. When microscopically examined, the crystals appeared homo- 
geneous, and, moreover, the specific rotations of successive crops were 
practically constant, but, nevertheless, after repeated crystallisation 
the melting point was rather indefinite (61—68°). Analysis gave: 

C=47'51; H=8-44; CH,*O=48°6 ; N=6-01. 

C,H,O,N(O°CH,), requires C=47°81; H=836; CH,-O=49-4 ; 
N =5:58 per cent. 

Tetramethyl glucoseoxime is readily soluble in water and all organic 

solvents with the exception of light petroleum, and the aqueous 
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solution has no action on Fehling’s solution in the cold, but effects 
vigorous reduction on boiling. A 5 per cent. solution in methyl 
alcohol showed a specific rotation of + 25°9°, which remained unaltered 
after twenty-four hours. A similar solution in water gave [a]?) + 27°8°, 
and here, also, no evidence of mutarotation was observed even after 
several days. 

The hydrolysis of the oxime was effected by heating with excess of 
8 per cent. aqueous hydrogen chloride at 100°. The hydrolysis, how- 
ever, commenced even at the ordinary temperature, as, on standing, 
the value for [a], was found to decrease from +27°8° to +15°0°. On 
now heating to 100°, the dextrorotation rapidly increased, and after 
fifty minutes’ treatment remained constant. The value then obtained, 
if calculated on the basis that tetramethyl glucose was the only active 
product of the hydrolysis, was +83°7°, a number which agrees very 
closely with the constant specific rotation of the alkylated sugar in 
water. The solution was neutralised with barium carbonate, 
evaporated to dryness, and the residue extracted first with ether and 
afterwards with a mixture of alcohol and ether. The former extract 
gave tetramethyl glucose (m. p. 84—85°), and the latter hydroxylamine 
hydrochloride, and these substances constituted the sole products of 
the hydrolysis. 


Alkylation of Tetramethyl Glucoseoxime. 


On adding silver oxide (5 mols.) to tetramethyl glucoseoxime (1 mol.) 
dissolved in methyl iodide (10 mols.), a vigorous, spontaneous reaction 
ensued, which was completed by heating on a water-bath for three 
hours. The product was extracted with boiling ether, and, on evapora- 
tion of the solvent, a clear, yellow, neutral liquid was obtained. After 
a second alkylation in which the same proportions of alkylating 
mixture were used, the compound was fractionated under diminished 
pressure (b. p. 144—146° under 10 mm. pressure). Analysis gave: 

C=49°98; H=8-60; CH,-O=57:13 ; N=5:56. 

C,,H,,0,N requires C=49°81; H=868; CH,-O=58:49; N=5:28 
per cent. 

The analyses not only indicate that only one methoxyl group had 
been introduced, but exclude the possibility of the presence of penta- 
methyl glucononitrile. 

The alkylated oxime is a colourless, neutral, mobile liquid, soluble in 
all ordinary solvents, and possessing no action on Fehling’s solution 
except on prolonged boiling. The optical activity of different pre- 
parations was almost constant, a five per cent. solution in methyl 
alcohol giving [a]p +39°8° without mutarotation. 
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Hydrolysis of Tetramethyl Glucoseoxime Methyl Ether. 


The hydrolysis of the alkylated oxime presented considerable diffi- 
culty. A 4 per cent. solution of the compound was prepared in 
water containing 5 per cent. of hydrogen chloride, and heated in boiling 
water. As in the case of the parent oxime, the dextro specific rotation 
at first diminished from 38°1° to 29°8°, and afterwards steadily increased, 
during three hours’ treatment, to the value +50°. During the 
reaction, appreciable quantities of hydrogen cyanide were evolved, and, 
judging by the increase in specific rotatory power, the hydrolysis pro- 
ceeded only slowly at 100°. Accordingly, the liquid was maintained 
at the boiling point, the evolved hydrogen cyanide being removed in a 
current of air. After six hours’ treatment, the evolution of the gas 
ceased; the solution was neutralised with barium carbonate and 
worked up as usual, A nearly quantitative yield of tetramethyl 
glucose, melting after recrystallisation at 84° and showing the specific 
rotation, [aj] + 87°8°, was obtained as the product of the hydrolysis. 


Alkylation of Different Types of Oximes. 


The methylation of these oximes was carried out for the purposes 
explained in the introduction. 

Alkylation of Gnanthaldoxime.—This substance was selected for 
experiment as a type of compound containing one hydroxyl group 
directly linked to the nitrogen atom. The oxime was readily soluble 
in methyl] iodide, and was alkylated as usual by the joint action of the 
alkyl halide and dry silver oxide. After two treatments, the product 
was fractionated under reduced pressure, and obtained as a colourless 
liquid boiling at 65—66° under 15 mm. pressure. 

Analysis pointed to the fact that methylation had proceeded 
normally : 

Found, C= 66°86 ; H=11°71 ; CH,-O=19°50. 

C,H,,N°0°CH, requires C= 67°13 ; H=11'88 ; CH,-O = 21°68 per cent. 

Alkylation of Salicylaldoxime.—In the case of salicylaldoxime, the 
reaction with silver oxide and methyl iodide was very vigorous, The 
product was a mobile liquid, which was distilled at 125—127°, under 
16 mm. pressure. As the compound burned with explosive violence, 
ordinary combustions could not be undertaken, but a Zeisel estimation 
gave CH,°0 = 37°11, the calculated value, assuming that two methoxyl 
groups had entered the molecule, being 37°57 per cent. The con- 
stitution of the compound was also proved by the formation of salicy]- 
aldehyde methyl ether during hydrolysis. As the melting point of 
the latter compound shows considerable variation, the product of the 
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hydrolysis was identified by conversion into o-dimethoxybenzoin 
(Trans., 1901, 79, 670), melting at 101:5°. This result shows that 
both the phenolic and oximido-groups present in the oxime had 
undergone normal alkylation. 

Alkylation of Benzoinoxime.—In this case, two successive alkylations 
were found to be necessary, as the oxime did not dissolve readily in 
the alkyl iodide, and consequently the addition of acetone was neces- 
sary in the first treatment with the methylating agents. The product 
was obtained as a colourless oil boiling at 182—184° under 16 mm, 
pressure. Analysis gave: 

C=74:94; H=6°85 ; N=5-66. 

C,,H,,N(O°CH,), requires C= 75:29 ; H=6°66 ; N=5-47 per cent. 

As the compound resinified with hydrogen iodide, the results of the 
methoxyl determinations were invariably low (found, CH,-O= 18-22, 
calculated for two methoxyl groups, CH,°O= 24°31 per cent.). The 
presence of a methoxyl group in the benzoin side-chain was, however, 
confirmed by hydrolysis. This was effected by boiling in aqueous 
alcoholic solution containing 8 per cent. of hydrogen chloride. After 
two hours’ treatment, the product was precipitated with water and 
extracted with ether. The ethereal extract, after treatment with 
sodium carbonate, yielded on evaporation a crystalline product which, 
after recrystallisation from light petroleum, melted at 49—51°, and 
was therefore identified as benzoin methy! ether. 


Tetramethyl Glucoseanilide. 


On boiling an alcoholic solution of equimolecular proportions of the 
sugar and-aniline for several hours, partial condensation took place 
with the formation of tetramethyl glucoseanilide. The yield of the 
latter was, however, materially increased by using a considerable 
excess of the base. Equal weights of tetramethyl glucose and aniline 
were dissolved in the minimum quantity of absolute alcohol, and the 
solution was boiled for four hours. As the crude anilide darkened 
rapidly when heated to 100°, the removal of the solvent alcohol and 
excess of aniline was effected by heating to 60° under reduced pres- 
sure. The semi-crystalline residue was drained on a porous tile, 
washed with cold water to remove traces of the sugar, and recrystal- 
lised twice from anhydrous ether. Analysis gave : 

C=61:50; H=8:18; CH,*-O= 40°49. 

C,,H,,0,N requires C=61°74 ; H=8°04 ; CH,*O= 39°87 per cent. 

The anilide crystallises from ether in long needles, melting sharply 
at 135°, and is apparently homogeneous. It is readily soluble in 
organic solvents, but is practically insoluble in water, When boiled 
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for a considerable time with water, the substance is partly hydrolysed. 
The specific rotation of a 3 per cent. solution in acetone was 
[a]> +229°5°, and no mutarotation was detected even after adding a 
trace of alcoholic ammonia. The compound was hydrolysed by mixing 
an acetone solution with an equal volume of 10 per cent. hydrogen 
chloride and heating to 50°. The dextrorotation diminished steadily 
without fluctuation, and, on working up the products, tetramethyl 
glucose and aniline were isolated. 


Attempted Alkylation of Tetramethyl Glucosideanilide. 


The methylation of the compound was attempted in order to deter- 
mine whether the anilide is a condensation derivative of the sugar in 
its aldehydic or y-oxidic form. A solution of the compound (1 mol.) 
in methyl iodide (10 mols.) was heated on a water-bath with silver 
oxide (5 mols.). There was no apparent reaction, and on working up 
the product after several hours’ treatment the original weight of anilide 
was recovered unaltered in melting point and specific rotation. A 
second alkylation was tried, in which heating with a large excess of 
the alkylating mixture was continued for three days, but with a 
similar result. Additional evidence that no alkylation had occurred 
was furnished by the fact that only 8 per cent. of the silver oxide 
was converted into iodide. As in no previous case has any hydroxy- 


compound resisted this treatment, we conclude that the anilide is a 
y-oxidic form. 


Alkylation of Tetramethyl Glucosephenylhydrazone. 


The hydrazone was prepared as already described (Trans., 1903, 83, 
1033), and alkylated in the usual manner. The crude product, which 
was a bright red syrup insoluble in water or light petroleum, but 
readily soluble in organic solvents generally, could not be obtained in 
a crystalline state. The syrup gave in methyl-alcoholic solution 
[a]p +24-7°, a value which does not differ notably from the rotatory 
power of the parent hydrazone ({a]? +16°6°). When heated under 
reduced pressure, the compound decomposed ; even on standing at the 
ordinary temperature, the red colour became much darker, and 
accordingly no analyses were attempted. The hydrolysis of the pro- 
duct of alkylation was, however, undertaken in the hope of gaining 
information as to the probable constitution of the compound. When 
boiled for ten hours with aqueous methyl alcohol containing 4 per cent. 
of hydrogen chloride, no appreciable change occurred, and consequently 
the acid was replaced by very dilute aqueous sodium hydroxide, which 
has no appreciable action on tetramethyl glucose. On now heating on 
a water-bath, a quantity of gas was disengaged, which was absorbed in 
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hydrochloric acid, the solution giving the test for a primary amine. 
The mixture was then distilled with steam, and the volatile oils were 
converted into the hydrochlorides and treated with nitrous acid. The 
oily precipitate thus formed was extracted with ether, the solvent 
evaporated, and the residual oil mixed with concentrated sulphuric 
acid. The formation of a dark blue colour showed the joint presence 
of phenol and nitrosoamine, proving that both aniline and methyl- 
aniline must have been produced in the hydrolysis. The aqueous 
product of the hydrolysis was neutralised and worked up as usual. 
In this way, a colourless, uncrystallisable, neutral syrup was obtained, 
which had no action on Fehling’s solution even after heating with 
acids. In alcoholic solution, the substance was strongly dextro- 
rotatory, The compound, which became resinous on standing, could 
not be obtained in a pure form, and consequently was not further 
examined, but its behaviour agrees approximately with the probable 
reactions of pentamethyl glucose in its aldehydic form. The combined 
results of the hydrolysis therefore point to the conclusion that alkyl- 
ation of the hydrazone leads to the introduction of two methyl 
groups, one in the y-position in the sugar-chain, and the other in the 
phenylhydrazine residue. This result differs sharply from those 
obtained in the case of the oxime or anilide, where the sugar residue 
in the molecule was not affected by further alkylation. 


Halogen Derivatives of Tetramethyl Glucose. 


Tetramethyl chloroglucose was prepared by heating a 10 per cent. 
solution of the sugar in benzene with the molecular proportion 
of phosphorus pentachloride. The reaction was carried out on a 
water-bath, and was continued for thirty minutes. The benzene was 
then removed under diminished pressure, the residue dissolved in 
ether, and shaken repeatedly with water. The ethereal extract was 
dried over anhydrous sodium sulphate, and shaken successively with 
barium carbonate and silver carbonate. On evaporation of the 
solvent, a colourless oil remained, soluble in organic solvents, but 
insoluble in cold water. When warmed with water, the oil passed 
readily into solution with the formation of tetramethyl glucose and 
hydrogen chloride. The substance, which was free from phosphorus 
compounds, was completely decomposed on heating in a vacuum to 
140°. Without further purification, the product gave : 

Cl=12°71. 

C,)H,,0,;Cl requires Cl= 13°95 per cent. 


The specific rotation in methyl alcohol, which can only, of course, 
be regarded as approximate, was [a]? + 154°. 
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On shaking the solution at 20° with silver carbonate, the rotatory 
power gradually diminished, and in forty-eight hours attained the 
constant value [a]? +40°. The product of the action was a neutral 
syrup, which was easily recognisable as a mixture of a- and £-tetra- 
methyl methylglucosides, as on hydrolysis with hydrogen chloride 
the specific rotation increased from + 40° to + 94° and then diminished 
to +85°. The sole product of the hydrolysis was tetramethyl 
glucose. 

It was afterwards found that tetramethyl a-methylglucoside might 
be substituted for tetramethy] glucose in the above preparation, 
thereby facilitating the process considerably. 

Tetramethyl Bromoglucose.—This compound was prepared by the 
action of phosphorus pentabromide on the sugar, the details of the 
process being similar to those described above for the chloro- 
derivative, except that in all the operations the temperature had 
to be restricted below 80°, as above this the product was decomposed. 
The substance resembled the chloro-derivative, but was much more 
unstable; even when preserved in a vacuum and in the dark, 
complete decomposition took place in a few days. The specific 
rotation of a freshly prepared specimen in acetone solution was 
[a]? +45°9°. When heated with water at 100°, the compound was 
completely decomposed with the formation of tetramethyl glucose . 
and hydrogen bromide. Using this reaction as a means of estimating 
the bromine, analysis gave : 

Br = 26°61. 

C,,H,,0;Br requires Br = 26°75 per cent. 

When shaken in methyl-alcoholic solution with silver carbonate, a 
mixture of the isomeric tetramethyl methylglucosides was obtained, 
the B-form being produced in large excess. The same result was 
more rapidly arrived at by heating the bromo-compound with methyl 
alcohol and silver oxide. 


Application of the Grignard Reaction to Tetramethyl Glucose. 


On adding a solution of the sugar in dry ether to a similar solution 
of magnesium methyl iodide, a fairly vigorous reaction ensued, which 
was continued on a water-bath for thirty minutes. The product was 
hydrolysed with dilute sulphuric acid and extracted with ether. The 
ethereal extract after drying over sodium sulphate gave a crystalline 
residue on evaporation, This was recrystallised several times from 
light petroleum, and the specific rotation of each crop determined 
in methyl-alcoholic solution. As in each case the various products 
melted at 84—85° and gave the constant specific rotation [a]> + 84°, 
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it was evident that they consisted of the alkylated sugar, over 
80 per cent. of which was recovered unaltered. 


The authors desire to acknowledge their indebtedness to the 
Carnegie Trust for a grant in aid of this investigation, and also 
to Professor Purdie for much valuable advice. 
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XII.—Studies of Dynamic Isomerism. Part VI. The 
Influence of Impurities on the Mutarotation of 
Nitrocamphor. 

By T. Martin Lowry and Ecrerr H. Macson. 


In the first paper of the present series (Trans., 1903, 83, 1314), a 
number of experiments were described on the influence of impurities 
on “The Mutarotation of Glucose.” The main conclusion arrived at 
was that, although alkalis had a very marked accelerating action, the 
change which the sugar undergoes in solution could not be retarded 
by the addition of traces of acid, and was therefore due to a specific 
action of the solvent (conducting water) on the sugar, rather than to 
alkaline impurities. 

In the present paper, a similar series of experiments is described in 
reference to nitrocamphor, a substance which has the advantage of 
exhibiting mutarotation in a much larger number of solvents, in- 
cluding inert hydrocarbons, the occurrence of isomeric change in which 
was known, at least in certain instances, to be dependent on the 
presence of impurities (Trans., 1899, 75, 220), 


I. Temperature, 


All the experiments were carried out at 20°. In the case of 
solutions which changed rapidly, it was convenient to use the ordinary 
Schmidt and Haensch jacketed tube for making the polarimetric 
observations ; the water circulation could be started before the 
solution was prepared, so that when transferred to the tube the liquid 
soon attained the temperature of the water in the jacket. In the case 
of solutions which changed more slowly, it was not convenient to 
maintain the water circulation during the whole period of obserya- 
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tion, amounting in some instances to several weeks; such solutions 
were therefore examined in unjacketed polarimetric tubes, of which 
several could conveniently be stored in the thermostat ; when required 
for observation, these were transferred to a closely-fitting copper 
jacket, provided throughout with an efficient water circulation. The 
thermostatic arrangements were identical with those in the two 
previous series of experiments (‘Trans., 1906, 89, 1033). A detailed 
description of the thermostat, with a diagram of the apparatus, is 
given in the Transactions of the Faraday Society (1907, 3, 119). 


II. Materials. 


In spite of their apparent simplicity, the experiments proved to be 
of an unusually tedious character, owing to the extraordinary difficulty 
of attaining, and still more of maintaining, the high degree of 
purification which was necessary, especially in the case of the more 
inert solvents. ‘This is perhaps scarcely to be wondered at in view of 
the fact that in a solution of nitrocamphor in benzene there is a 
distinct response when piperidine is added in the proportion of one 
part in a hundred million. Again and again the highly purified 
material was found to have become contaminated in such a way as to 
undergo isomeric change with greatly increased velocity ; the accelera- 
tions produced by the addition of small quantities of impurity to an 
inert solvent could therefore only be determined by laboriously repeat- 
ing the experiments until concordant observations and successful 
blank experiments showed that the influence of accidental impurities 
had been for the most part eliminated. 

In the case of solvents, such as alcohol and acetic acid, which 
actively promote the isomeric change, no such difficulty was experi- 
enced. The experiments in chloroform led, on the other hand, to 
results which were altogether irregular and anomalous; these are 
described and discussed in the following paper. 

The nitrocamphor used in the experiments was purified by crystal- 
lising from alcohol until colourless, and then from light petroleum. 
When practicable, the solvents were distilled from phosphoric oxide in 
order to remove traces of moisture and basic impurities. 


III. Observations. 


A limited number of observations are recorded in the tables and 
shown graphically by means of curves. No exact significance is to be 
attached to the values for the initial and final specific rotations ; the 
solutions were prepared as quickly as possible, and no attempt was 
made to adjust the concentration accurately, or to allow the solution 
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in the graduated flask to attain an exact temperature before finally 
adjusting the volume of solvent added. The relative values appear to 
be accurate in most cases within a few tenths of a degree, but the 
benzene series compares somewhat unfavourably with the vthers, owing 
probably to the exceptionally large values of the rotations to be 
observed, and their exceptional sensitiveness to small changes of 
temperature. 

The solutions used contained, as a rule, 5 grams of nitrocamphor in 
100 e.c. of solution. The rotations were observed in 2-dem. tubes, 
and were multiplied by ten in order to obtain the specific rotations of 
the solutions; an error of 01° in the tabulated values corresponds 
therefore with an error of only 0°01° in the actual polarimeter 
reading. 

IV. Form of the Curves. 


Although the isomeric change which produces the mutarotation of 
nitrocamphor is known to involve, at least in certain cases, the presence 
of a third substance or catalyst, the alterations of rotatory power 
appear to proceed in every instance according to a unimolecular law. 
The constant 

(ky + kq)/e= 1/t{log(ag — ago ) — log(ar — aap )} 

has been calculated for each series of observations and is tabulated in a 
number of cases. ‘The differences between the observed and calculated 
values of the specific rotation rarely exceed 0°5° in the alcohol, acetic 
acid, and ether series, but occasionally rise to 1° and over in the 
benzene series. Even in the latter case, however, the variations are 
irregular and the larger errors appear to be due to increased experi- 
mental difficulties, and not to any steady deviation from the uni- 
molecular law. The main conclusion to be drawn from this result is that, 
whatever the nature of the agent by which the isomeric change is 
brought about, the quantity remains constant throughout the experi- 
ment.* The fact that the neutral nitrocamphor becomes converted (to 
the extent of about one-sixth) into an acid isomeride does not therefore 
affect the rate at which the change takes place; in other words, 
“autocatalysis” can only play a very insignificant part in the 
process. 

In the following table are shown : 

(1). The solvent used in preparing the solution of nitrocamphor. 

(2). The logarithmic constant 

(ky + h)/e=1/t{log (ay — a5 ) — log(ar—azp )}; 
the time being expressed in minutes in every case. 
(3). The approximate period occupied by the change of rotatory 


* The effects produced by the gradual introduction or elimination of a catalyst 
are clearly shown in the following paper. 
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power. The period taken is that which elapses before 994 per cent. of 
the total change has taken place.‘ It is given by the formula 


TaBiE I.—Velocity Constants. 


Solvent. Constant. Period. _ Percentage, 


Alcohol (Kahlbaum’s redistilled) 00048 8 hours 1°31 
+1 per cent. H,O 0°0096 4 2°61 
> +N/105 NaOEt 0-0056 7 1°52 
3s +.N/104 NaOEt 0-0101 34 
5»  +/10? NaCl 0:0196 2 
Acetic acid 0°0025 
0:0080 
0°0054 
0°00149 
»» +1 percent. H,O 0°0154 
Benzene 0°00013 
» +7/107 NC;H,, 0-00027 
+N/10° NC;H,, 00030 
+N/10° NCH, 0-046 
+N/10* NC,H,, 0:23 
+N/10® CsH,"NH, 0-00019 
+ N/10? ChH,"NHg .........+0 0:00102 
+N/10° CH,*CO,H 0°00051 
+N/10? CH,*CO,H 0°0070 
+N/10 CH,°CO,H 0°057 
+N/104 CCl,°CO.H ... 0:00058 2? days 
+V/10® CCl,°CO,H 0°0028 14 hours 
»» + WV/10? CCl,*CO,H 0-0113 
Benzene 0°00018 0:049 
000080 2 0°22 
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T = dlogi/(k,+%,), and represents in most cases a point at which the 
outstanding change of specific rotation amounts to only 0°1°. 

(4). The percentage of the outstanding change which is accomplished 
in each minute. This is given by the formula P=100(k, +4,), and is 
obtained by multiplying the logarithmic constant by 1006«. 


V, Influence of Water. 


The effect on the velocity of isomeric change of small quantities of 
water was tested in the case of alcohol, ether, and acetic acid. The 
alcohol used was Kahlbaum’s absolute alcohol (99°8 per cent.), redistilled 
from oxalic acid in order to remove alkaline impurities. The ether, 
which had already been distilled from sodium, was redistilled from 
phosphoric oxide. The acetic acid was purified by distilling from 
potassium permanganate, and dried by crystallising until the freezing 
point became constant ; it was then redistilled and stored in a Jena 
glass bottle. In each case, it was found that the addition of water 
produced a marked acceleration of the isomeric change. 

The addition of 1 per cent. of water to the alcohol exactly doubled 
the velocity of isomeric change, the constant (k,+4,)/e rising from 
00048 to 0°:0096. The acceleration was almost identical with that 


STUDIES OF DYNAMIC ISOMERISM. PART VI. 111 


produced by the addition of 1V/10,000 sodium ethoxide, which gave 
(k, +4)/e=0°0101. It was conceivable that a part of the acceleration 
might be due to impurities in the water, but as only 1 per cent. of 
water was added it would be necessary to assume the presence of V/100 
alkali in the water to account in this way for the acceleration of the 
isomeric change. On the other hand, it is well known that the velocity 
of chemical change is greatly influenced by the solvent in which it 


Taste II.—Alcohol and Acetic Acid. 


Kahlbaum’s Abs. Alcohol (99°8 per cent.). Alcohol + N/10° NaOEt. 
[a], [a]> 
Time —_—, Time ———E 
(min.). Obs, Cale. Const. (min.). Obs. Cale. Const. 
0 —_ — 28'2° —. 0 — 28°1° — 
27°9 —_ 7 —26°1° 26°3 
21 . 25°1 ons 134 24°7 25°0 
40 ‘ 222 0°00480 23% 23°2 
60 ‘ 19°7 000487 
90 . 16°8 0°00470 
120 : 14°8 0°00480 
152 2 132 0°00492 
12°3 =: 0°00485 
11°5 
10°8 
107 
10°3 
9°6 


0°00482 0°0056 


Alcohol + 1 per cent. Water. Alcohol + N/10* NaOEt. 

— 26°6° — -- 
24°8 —_ ’ i 0°0103 
20°5 0°0094 . 22° 0°0101 
16°6 0°0095 : ; 0°0095 
14°1 0°0099 , , 0°0094 
12°3 0°0094 ‘ ; 0°0103 
11°4 0°0097 4. 6 0°0109 
10°3 0°0097 5 ‘ 
10°0 _— 

9°6 _— 


0°0096 
Alcohol + N/10? NaCl. 


0°0199 
0°0180 
0°0196 
0°0219 
0°0200 
0°0181 


0°00251 
000240 
0°00263 
0°00251 
0°00265 
0°00261 
0°00261 
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TaBLE IT.—Alcohol and Acetic Acid (continued). 


Acetic Acid + 1 per cent, Water. Acetic Acid + 1 per cent, Acetic 
Anhydride. 


Time 
(min. ). . ° Const. Time 
— (min. ). Obs. 
= 0 
0‘00873 6 
0°00842 10 
0°00785 20 
0°00755 30 
0°00769 40 
0°00805 50 
0°00786 60 
0:00780 80 
0°00772 
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0°00507 
0°00552 
0°00551 
0°00521 
0'00547 
0°00517 
000584 
0°00508 
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0°00536 
The values for ether and for ether +1 per cent. water are’ included in} table IV of 
the following paper. 
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Mutarotation of nitrocamphor in alcohol and in acetic acid. 
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takes place, and the action of water in accelerating the isomeric change 
on which the mutarotation of nitrocamphor depends (independently of 
any impurity that might be added with the water) would be in every 
respect perfectly normal. 

In the case of acetic acid, the velocity was increased threefold from 
000254 to 0°00796 by the addition of 1 per cent. of water. The 
actual acceleration (0°0054) is, however, very much the same as in the 
case of alcohol, and the greater ratio is due mainly to a slower velocity 
of isomeric change in the undiluted solvent. 

In the case of ether, the velocity was increased no less than tenfold, 
from 0°00149 to 0-0154, by the addition of 1 per cent. of water. The 
greatly increased ratio is, in part, due to the fact that the isomeric 
change in the undiluted solvent was slower than in the case of acetic 
acid or alcohol, but the actual increase (0°0139) in the velocity-constant 
is nearly three times as great as in the preceding cases. The greater 
activity of the water in this solvent is doubtless to be attributed to 
the fact that it remains for the most part “ free,” whereas in alcohol 
and in acetic acid it is mainly converted into hydrates by combination 
with the solvent. 


VI. Influence of Alkalis : Sodium Ethoxide. 


The isomeric change of nitrocamphor in alcohol proceeds at very 
much the same rate as the corresponding change which produces the 
mutarotation of glucose in aqueous solution. As a further coincidence, 
it is noteworthy that substantially equal accelerations are produced by 
the addition of sodium ethoxide in the one case and potassium 
hydroxide in the other. The velocity with which the nitrocamphor 
changes is increased 16 per cent. by the addition of V/100,000 sodium 
ethoxide to the alcohol, and is almost exactly doubled by V/10,000 
sodium ethoxide. In presence of V/1000 sodium ethoxide, the whole 
change was complete in about seventeen minutes. 


VII. Influence of Bases: Aniline. 


Experiments with aniline, using benzene as solvent, showed that 
this substance was remarkably inactive in promoting isomeric change. 
Only the smallest acceleration was produced at a concentration of 
4/1000, and even at V/100 the mutarotation was incomplete at the 
end of twenty-seven hours, although the formation of aniline salt was 
sufficient to produce a marked alteration in the final specific rotatory 
power of the nitrocamphor. The actual values of the constants were, 
for benzene only (k, +k,)/e=0°00013 ; with 1/1000 aniline, 0:00019, 
and with 1/100 aniline, 0:00102. In spite of the fact that aniline is 
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known to be quite a weak base, it is somewhat extraordinary that the 
effects which it produces should be one thousand times smaller than 
those produced by sodium ethoxide in alcoholic solutions. 


VIII. Influence of Bases: Piperidine. 


The experiments with piperidine, using benzene as solvent, proved 
to be the most remarkable of the series. At a concentration of 
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Mutarotation of nitrocamphor in benzene. 


4/1000, which in the case of aniline produced only the slightest 
acceleration of the isomeric change, piperidine acted so energetically 
that a steady value for the specific rotation was attained in three 
minutes, and even with the most rapid working only the first two 
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readings of the polarimeter gave higher values. At a concentration 
of V/10,000, isomeric change was complete in about ten minutes, at 
N/100,000 in less than an hour, and at V/1,000,000 in about ten hours. 
Finally, it was found possible by comparing two solutions prepared on 
the same day and with the same materials to detect a marked accelera- 
tion resulting from the addition of piperidine at a concentration of 
4/10,000,000, the velocity constant (,+4,)/e being increased from 
000013 to 0°00026. The constants for the other solutions were, for 
WV/1,000,000 piperidine, 0:0030; for 1/100,000, 0°046, and for 
¥V/10,000, 0:23. The accelerations produced are roughly propor- 
tional to the quantities of piperidine added, but, owing to the 
exceptional experimental difficulties encountered in this series of 
observations, we are not able to attach any exact significance to the 
figures given. The general results are, however, very striking. The 
proportion of piperidine required to double the velocity of isomeric 
change is only one part in one hundred million, or 1 decigram per ton. 
Again, if a comparison be made with the other bases, the piperidine 
is one hundred times more active than sodium ethoxide dissolved in 
alcohol, and one hundred thousand times more than aniline dissolved in 
benzene, 

As a further illustration of the activity of the piperidine, it may be 
noted that in the case of the V/100,000 solution the molecules are 
present in the proportion : 

Piperidine : nitrocamphor : benzene = | : 25,000 : 1,000,000, 
and that about 2 per cent. of the nitrocamphor undergoes change in 
each minute.* Each molecule of piperidine in the liquid must there- 
fore come into contact with, and invert, 500 molecules of nitrocamphor 
per minute, and, unless it is selectively guided to the nitrocamphor, it 
must also collide with at least 20,000 molecules of the solvent. 


IX. Neutral Salis. 


The catalytic action of neutral salts was tested in the case of 
solutions in alcohol and benzene. In the former case, the alcohol 
used to dissolve the nitrocamphor was first saturated with salt and 
filtered ; although the quantity of salt dissolved was very small, only 
0:08 per cent., corresponding with a concentration of 1/100, the 
isomeric change proceeded with four times the usual velocity, the 
constant being raised from 0:0048 to 0:0196. In the case of benzene, 
the method adopted was slightly different ; 0:1 gram of dry potassium 
chloride was placed in a flask with 1 gram of nitrocamphor and shaken 
up with 20 c.c. of benzene ; after two or three minutes, the salt was 


* Equilibrium is reached when about one-sixth of the nitrocamphor has been 
changed (Trans., 1904, 85, 1546). 
12 
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filtered off, and the rotatory power of the nitrocamphor was deter. 
mined at intervals of ten minutes until a steady value was attained, 
Here, again, in spite of the minute solubility of the salt, the velocity 
of change was increased fourfold, the constant rising from 000018 
to 000080. 

It will be noticed that the salt at a concentration of V/100 produced 
in the alcoholic solution an acceleration three times as great as that 
caused by sodium ethoxide at a concentration of 4/10,000. The 
sodium chloride has therefore an efficiency which is, roughly, 3 per 
cent. of that of the free alkali. 

From these figures, it is possible to deduce an approximate value for 
the relative affinities of the two acids concerned. The nitro-compound 
in the 5 per cent. solution had a concentration of W/4, whilst that of 
the chloride was V/100; in spite of its twenty-fivefold concentra- 
tion, the nitrocamphor was able to attach to itself only 3 per cent. of 
the available base, and is therefore about eight hundred times weaker 
than the hydrogen chloride. 


X. Influence of Acids. 


The influence of acids was tested in the case of solutions of nitro- 
camphor in benzene, to which known quantities of acetic acid and of 


trichloroacetic acid were added. Although the effects produced were 
smaller than those due to alkalis, it was found that trichloroacetic 
acid produced a distinct acceleration at a concentration of V/10,000 
and acetic acid at a concentration of WV/1000, the velocity-constant 
being raised from 0°00018 to 0:00058 in the former, and 0°00051 in 
the latter case. 

In the case of the acetic acid solutions, the velocity-constant increased 
proportionally to 0:0070 and 0°057 when the concentration was 
increased to V/100 and V/10. In the case of the trichloroacetic acid, 
the velocity-constant increased less rapidly than the concentration to 
0:0028 at V/1000 and 0-0113 at V/100. Ata concentration of 1/10 
trichloroacetic acid, an anomalous result was obtained. The rotatory 
power changed much more slowly than in the corresponding acetic 
acid solution, and actually at a slower rate than at a concentra- 
tion of V/100. An examination of the actual values for the specific 
rotation revealed the cause of the discrepancy. The trichloroacetic acid 
solution showed an initial rotation ({a])-97°) at fifteen minutes 
identical with the final rotation of the acetic acid solution ; it was there- 
fore probable that the equilibrium between the normal and pseudo-nitro- 
camphor had already been attained when the first reading was taken, 
and that the subsequent change of rotatory power was due to the 
non-reversible change of the ‘‘ Beckmann’’ type, whereby the nitro- 
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camphor is converted into the isomeric camphoryloxime (Trans., 1898, 
73, 99). The correctness of this view was proved when in one ex- 
periment the rotatory power fell in sixty-three days to ([a], — 26°), and 
the oxime actually crystallised out in brilliant needles. 

It has previously been recorded (Trans., 1899, 75, 221) that the 
addition of a small quantity of hydrochloric acid to a solution of 
nitrocamphor in commercial alcohol did not cause any marked acceler- 
ation of the isomeric change. The difference between the two series 
of observations is probably due to the fact that in aqueous alcohol 
the nitro-compound always changes very rapidly, so that the accelera- 
tion due to a small amount of acid might easily escape detection, even 
if the acid itself were not converted into ester; in the benzene 
solutions, on the other hand, the change is very slow when purified 
materials are used, and even the mildest accelerating agents are able 
to produce very marked effects. 


TasLeE III.— Benzene. 


(a) Benzene only. 
Time 0°5 h. 4 22 27 71 93 0 
[a], — 126°6° 119°1 116°2 104°7 102°8 98:2 
(b) Benzene + N/107 NO,H,,. 
Time 0°5 h. 22 27 71 93 
[a]p - 125°0° 110°7 107°5 100°7 100°2 
(c) Benzene + N/10° NC,H,,. 
Time 6m. , 68 188 250 3812 430 650 
[a]p - 121°6° "1 112°1 106°4 105°2 103°5 102°0 100°5 100°0 
(d) Benzene + N/10° NCO,H,,. 
Time 1°25m. 2° 35 68 235 57 oo 
{a]p ~123°0° 121°2 118°5 111°6 103°5 101°4 101° 
(e) Benzene + N/10* NC,H,,. 
Time 1°75m. 3°5 3°99 4°5 50 5°5 65 8682 
[a], -107°5° ‘8 102°4 101°5 100°7 99°9 99°1 98°9 98°6 
(f) Benzene + N/10° NO.H,,. 
Time 1m. 7 26 © 
[a], - 100°5° 7 965 96°5 
(g) Benzene + N/10* C,H,.NH,. 


Time lh. 21 46 59 95 125 141 
[a], -125°3° 111°7 105°2 104°0 102% 100°3 99°6 
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Taste III.— Benzene (continued). 

(h) Benzene + N/10? C,H,NH,,. 
Time 05h. 2°1 4 6'25 9 22°5 27°75 
[a]p —123°8° 118°1 113°1 107°9 102°7 964 96°1 

(i) Benzene + N/108 CH,CO,H. 
Time 22m. 91 225 575 1240 
[a]p —121°3° 120°5 117°2 108°2 98°9 98°5 

(j) Benzene + N/10? CH,CO,H. 
Time 13m. 51 90 130 190 315 660 1330 © 
[ajo -121°5° 118°9 116°4 114°3 113°3 109°8 103°5 100°0 99°6 

(k) Benzene + N/10 CH,CO,H. 
Time 10m. 15 20 825 30 40 oo 
[a]o -102°0° 99°0 97°95 97°2 96°9 97°0 ‘97°0 

(1) Benzene + N/104 CCl,CO,H. 
Time O3h. 2°25 45 10° 20°5 oe) 
[a], —123°0° 119-2 117°8 110°2 1047 98°9 

(m) Benzene + N/10° CCl],CO,H. 
Time 1‘1 h. 4°8 7 13 00 
[a]p —114°0° 103°7 100°4 989 98°9 

(n) Benzene + N/10? CC1,CO,H. 
Time O°25h. 1°75 4:3 ee) 
[e]o -114°7° 99° 96°77 96°7 

(0) Benzene only. 
Time O1lh. 4°5 20 42 50 66 114 162 212 00 
[a]o -123°6° 121°4 113°9 107°7 106°9 105°0 101°8 101°7 101°1 100°0 
(p) Benzene + KCI. 


Time 0°3 h. 1 1°3 2 3 4 6 8 24 46 co 
{a]p ~123°5° 121°4 119°6 118°9 116°8 114°9 112°3 110°0 1027 100°0 100°0 


Summary. 


(1) Water has a large effect in accelerating the isomeric change of 
nitrocamphor dissolved in alcohol, acetic acid, or ether. 

(2) The action of alkalis varies considerably, the nitro-compound 
being excessively sensitive to the most minute quantities of piperidine, 
but only slightly affected by the addition of considerable quantities of 
aniline to the benzene solutions ; sodium ethoxide in alcoholic solution 
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produces an intermediate acceleration comparable with that arising 
from the addition of potassium hydroxide to aqueous solution of 
glucose, 

(3) Neutral salts have a marked accelerating action, possibly on 
account of the acid properties of the nitro-compound. 

(4) Acetic acid and trichloroacetic acid cause an isomeric change, the 
isomeric change of nitrocamphor dissolved in benzene. In the case of 
an N/10 solution of trichloroacetic acid, a further large change of 
rotatory power was caused by the conversion of the nitro-compound 
into the isomeric camphoryloxime. 


XIIL.—Studies of Dynamic Isomerism. Part VII. 
Note on the Action of Carbonyl Chloride as an 
Agent for Arresting Isomeric Change. 


By T. Martin Lowry and Ecperr H. Macson. 


I. Early Observations of Arrested Isomeric Change. 


Ix the paper in which the mutarotation of nitrocamphor was first 
described (Trans., 1899, 75, 211), it was stated that solutions in 
chloroform did not always exhibit this change when first prepared, 
and that sometimes a considerable period elapsed before the change 
set in. Thus in one case a 10 per cent. solution in chloroform was 
kept in a polarimeter tube for a week without the slightest alteration 
of rotatory, power (the actual values of the specific rotation were: 
twelve minutes, 27°5°; one day, 27°5°; six days, 275°; seven days, 
27'3°), but at the end of this period the change was started accidentally 
(apparently by moving the tube), and then proceeded at a moderate 
rate until at the end of a fortnight the rotation had fallen to 20°, a 
value midway between the ordinary initial and final values. In a 
second case, a 5 per cent. solution was prepared in a 25 ¢.c. graduated 
flask ; half the solution was transferred to a polarimeter tube, and the 
changes of rotatory power were followed, until at the end of eight days 
a steady value was attained ; after a further period of eight days, when 
the remainder of the solution was transferred from the flask to a 
polarimeter tube, the rotatory power was substantially identical with 
that initially observed sixteen days previously ({ a], 26°2° as against 
27°2°) ; the transference to the polarimeter tube proved, however, to 
be sufficient to initiate the change of rotatory power, which proceeded 
in the normal way towards a steady final value. 
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From these observations, the conclusion was drawn that, in the case 
of non-oxygenated solvents, the isomeric change of nitrocamphor did 
not take place unless some third substance or impurity was present. 
It was suggested that this impurity might be a base, or, as a less likely 
alternative, that a trace of the y-nitro-compound might suffice to 
initiate the change of the normal nitrocamphor. 


II. Arrest of Isomeric Change in Acid Chloroform Solutions. 


Nine years later, in the course of the investigation described in 
the preceding paper, a number of observations were made on the 
influence of acids and bases on the mutarotation of nitrocamphor 
dissolved in chloroform. The results obtained were so anomalous and 
so irregular that it was impossible to draw from them any definite 
conclusions in reference to the catalytic action of the impurities added. 
The behaviour of the alkaline chloroform solutions will be referred to 
later. In the case of the acid solutions, the most striking results were, 
the partial maintenance of the rotatory power during the first few 
days in a solution containing acetic acid of concentration V/100, and 
the complete arrest of the isomeric change during no less than twenty- 
four days in a solution to which trichloroacetic acid had been added to 
a concentration of V/1000. 

These effects could not be attributed to mere neutralisation of basic 
impurities, since the y-form of the nitro-compound possesses acid 
properties which would enable it to compete with a mineral acid 
for possession of an alkali present in quantity insufficient to 
neutralise both. Again, it has been shown above that neutral 
salts do actually exert a powerful catalytic action on solutions of 
nitrocamphor. Finally, it may be noted that the retardations observed 
in the case of chloroform solutions did not occur when benzene was 
used as a solvent. The arrest of the isomeric change was therefore 
due, not to the action of the acid only, but to some action in which the 
solvent plays an essential part. 

It was at first thought that the unique behaviour of the chloroform 
might be due to a reaction whereby ammonia and aminic impurities 
were eliminated as hydrogen cyanide or as isonitriles. This action, 
however, takes place most readily in alkaline solutions, and there was 
nothing to indicate that the addition of an organic acid would be 
likely to promote it. The discovery of the actual process by which the 
isomeric change is arrested was partly accidental. It was noticed 
that the acid chloroform solutions acquired a powerful and unpleasant 
odour, and fumed when exposed to the air. Subsequent inquiry 
elicited the fact that the odour was that of carbonyl chloride, a 
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substance which is produced even in pure chloroform by the action of 
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air and light : 
CHCl, + O=COCI, + HCl, 


and is evidently formed with increased readiness in presence of acids. 
For some months no importance was attached to this observation, but 
finally it was realised that carbonyl chloride would bea most efficient 
agent in eliminating aminic impurities, since these would be converted 
into neutral carbamides, from which the amine could not be recovered 
even by the most powerful acids. The presence and the production of 
carbony] chloride in the chloroform solutions would therefore afford a 
sufficient explanation of all the anomalous results which had been 
obtained (see §$ III and IV), and it was further realised that the 
chloride might be utilised as a powerful and efficient agent for 
restraining or arresting isomeric change in other solvents. 


III. Alkaline Chloroform Solutions. 


The observations made with chloroform solutions to which piperidine 
had been added were at first exceedingly puzzling, but when recon- 
sidered in the light of later knowledge in reference to the action of 
carbonyl chloride, not only became intelligible, but were found to 
afford valuable illustrations of the way in which this substance acts 
in eliminating basic impurities. At moderate dilutions, piperidine is 
at least as active in chloroform as in benzene, but its activity decreases 
both with dilution and with time, owing doubtless to its gradual con- 
version into the carbamide, CO(NC,H,,),. When a freshly prepared 
N/10,000 solution of piperidine in chloroform was used as solvent for 
the nitrocamphor, a steady value for the specific rotation was obtained 
within two minutes of the time when the nitro-compound was dis- 
solved ; but when the same experiment was repeated twelve days 
later with the same alkaline solution and the same sample of nitro- 
camphor, a quarter of an hour elapsed before the final value was 
reached. The activity of the piperidine in the chloroform had thus 
been reduced to about one-tenth by merely keeping for a fortnight. 
For a corresponding solution in benzene, the period occupied by the 
isomeric change had an intermediate value, about seven minutes. 
When the dilution of the piperidine was increased to 1V/100,000 by 
adding a further quantity of chloroform, the change occupied a whole 
day as compared with an hour for the corresponding solution in 
benzene. On further dilution to V/1,000,000, the rotatory power fell 
in a single day from 28°0° to 25°4°, but at the end of eight days had 
only fallen to 22°2°. Further observations at the end of eleven, 
fifteen, and twenty-one days gave the values 219°, 218°, and 21°4°, 
the usual final value being about 15°. In this case, therefore, the 
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rotatory power reached a fictitious final value, and the isomeric change, 
which had at first proceeded with moderate velocity, was actually 
arrested, while still far from complete, by the total elimination of the 
piperidine which had been added in order to promote the change. 


TaBLeE I.—Chloroform and Piperidine. 


(a) First sample. (6) Second sample. 


N/108 Time 2m. ol f 8 5 7 12 co )\ 
‘ [a], -14°9° 149f 1-186 178 163 152 13-9f 
;/Time 64m. 164 30 46 76 153 210 487 
NAO) taj, -27°3° 26-7 260250) 34210 0B «a7 
Time 710 1500 o ) 
[aly -16°1 4-7 J 


IV. Acid Chloroform Solutions. 


At concentrations of V/10 and .V/100, trichloroacetic acid, dis- 
solved in the solvent chloroform, produced accelerations comparable 
with those observed in the case of benzene solutions, a steady rotation 
being reached in about half an hour in the former, and a few hours in 
the latter, case ; the velocity constants (4, +h,)/e were 0°07 and 0°:007 
respectively. The complete arrest of the isomeric change during 
twenty-four days at a dilution of V/1000, which is clearly shown in 
the following table, was therefore in marked contrast, not only with 
the behaviour of the benzene solutions, but also with that of the more 
acid chloroform solutions. 

When acetic acid was added, an acceleration was again shown at a 
concentration of V/1000. At concentrations of V/10 and 4/100, the 
rotatory power remained almost constant during the first few days, 
and then changed at a gradually increasing rate towards the ordinary 
final value. The curve connecting rotatory power with time is 
therefore horizontal initially as well as finally and contains a point 
of inflexion, a result that is in accord with the view that the solution 
was initially free from alkali, but gradually absorbed from the glass 
a basic catalyst by which the isomeric change was brought about. 


Taste II.—(a) Chloroform and Trichloroacetic Acid. 


rio f Time 6m. 14 wo \ 
N/10 Vial, -16°8° 14°71" 
V/102 Time 9 m. 21 61 134 2 
. [a]>-17°8° 23:0 182 165 184, 


N10", [a],p — 26°8° 26°9 26°7 26°8 26°7 26°7 26°9 267 
| Time 8 d. 10 14 16 19 24 64 
[a], - 26°8 26°7 26°8 26°4 26°8 26°8 21°8 


oe 15 m. 7h. 1d. 2d. 3 5 6 7 
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(b) Chloroform and Acetic Acid. 


10 Time 5 m. 4h. 13h, 24h. 50h. 5d. 
NO \faj, -26°7° 262 261 260 25:9 220 
N 10°{ Tne 40 m. 3h. 1h. 39h, 90h. 

AO talp -26°8° 271 B71 6H 25-7 

iygef Time 15h, 17h, 89'5h. 87h, 11h. 161 h. 
N/1O"\ [alo -27°5° 25°29 ATG" 


V. Arrest of Isomeric Change in Benzene. 


Ever since the first observations were made of the arrest of the 
rotatory power of nitrocamphor in chloroform, it had been desired 
to extend the observations to other solvents and other solutes, 
Hitherto, the only method available had been by the most careful 
purification of solvent and solute. In the case of solutions prepared 
by dissolving. nitrocamphor in benzene, this purification led to a 
decrease in the velocity of mutarotation such that a constant rotatory 
power was only attained after a week or a fortnight, whereas less 
carefully purified samples attained to equilibrium in the course of a 
single day. No arrest comparable with those in the chloroform 
solutions could, however, be observed. Experiments were therefore 
made to determine whether the desired result could be achieved by 
adding a trace of carbonyl chloride to the solutions. The chloride, of 
which a 20 per cent. solution in toluene was purchased, was twice 
diluted with benzené in the ratio 1:200, and the second dilution, in 
which the carbonyl chloride was present in a concentration of about 
V/10,000, was used as a solvent for a 5 per cent. solution of nitro- 
camphor. This was prepared in a 50 c.c. flask of silica glass, and a 
sample was at once transferred to a polarimeter tube. This exhibited 
a very slow alteration of rotatory power, the change being only half 
complete at the end of twenty days; the velocity constant (k,+k,)/e 
was reduced from values such as 0°00017 or 0:00013 to 0:000024. 

After thirteen days, a second sample was transferred from the 
silica flask to the polarimeter tube; it showed an initial rotation 
within 1° of that recorded nearly a fortnight previously, but at once 
commenced to change with a velocity somewhat greater than that of 
the first sample. At the end of a further eight days, the change had 
exceeded that undergone by the latter ; there was thus accomplished 
in a week a change which had required three weeks in the case of the 
first sample. ' 

A third sample, taken from the quartz flask after twenty-five days, 
showed a further decrease of only 0°4° in twelve days. The velocity 
constant for the solution in the flask, deduced from the change of 
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1-4° in twenty-five days, has the extraordinary value of 0:0000008 
only. 

The analogy to the behaviour of the chloroform solutions is 
complete; the change normally observed is evidently due to traces 
of impurity, and, as these can be eliminated by means of carbonyl 
chloride, they must evidently be aminic in character and not mineral 
bases. Although the arrest was practically perfect in the silica 
flask, mineral impurities appeared to be introduced at once on 
transferring the solution to the polarimeter tube; the velocity of 
the subsequent change of rotatory power was probably determined 
by the softness of the glass and the success with which it had 
been cleaned. 


TasBLe IIJ.—Benzene and Carbonyl Chloride. 


(a) Benzene only. 


Time fh. 6 20% 69 98 123 143 169 244 ow |) 
{a]> —123°1° 120°8 117°8 111°8 10871 106°8 105°4 104°7 103°45 103-0f/ 


(b) Benzene +N/10* Carbonyl Chloride. 
(Time Oh. 144 62 92 117 137 163 279 351 399 
\[e]o -122°1° 121°9 117°7 116°5 115°4 115°1 114°9 112°1 111°9 111°7 


Time 449h 502 593 a) 
[a]» —110°1° 108°4 107°9 103°0 


Second sample. Third sample. 
Time 13d. 17 19 21 \ 25 d. 
[aJ> -—121°1° 114°0 11171 108-°9/ 120°7 
Curves representing these observations are included in Fig. 2 of the preceding 
paper. 


VI. Arrest of Isomeric Change in Ether. 


The velocity of isomeric change in ether had already been reduced 
by careful purification to less than a tenth of that previously recorded 
(Trans., 1899, '75, 222), the period being increased from two hours to 
aday. The addition of V/10,000 carbonyl chloride resulted in a further 
reduction of velocity in the ratio 1:17, the constant (k,+4,)/e being 
reduced from 0:00149 to 0°000086. (It is noteworthy that, even in 
this case, the unimolecular law was found to hold good with a con- 
siderable approach to accuracy.) As the solution was prepared in a 
glass flask and examined in a glass polarimeter tube, there could be 
little doubt that a large proportion even of the small velocity remain- 
ing was due toimpurities. This view was confirmed by a subsequent 
experiment with V/2500 carbonyl chloride, which was carried out in a 
silica flask ; in this case, the rotation fell from 40°5° to 28-6° only in 
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fifteen days, and the velocity constant was reduced to 0°000026. It is 
probable that even this small value might be reduced by further 
purification, and there can therefore be little doubt that in ether, as 
in benzene and chloroform, the isomeric change is not spontaneous, 
but depends on the presence of impurities. 


Taste LV.—Zther. 


Ether alone. Time 
Time mins. Obs. Cale. Constant. 
mins. Obs. Cale. Constant. 50 23°23" 231" 0°0150 
0 -- —- _ 60 22°5 22°4 0°0148 
10 36°4° _- — 80 21°5 21°5 — 
25 36°2 36°3° — 120 21°0 20°9 =e 
60 34°6 84°8 0:00161 
90 33°4 33°6 0-00148 ~ 20°7 —_ 0-0154 
120 32°4 32°5 0°00154 
150 31°5 31°6 0°00151 
180 30°6 30°7 0°00152 Ether + N/104 Carbonyl Chloride. 
240 29°5 29°2 000140 
300 28°4 28°0 0:00137 hours. 
360 27°5 27°0 — ft) — 30°7 ae 
480 25°9 25°5 —- i 37°5 37°6 — 
630 25°0 24°3 ne 1k 387-4 37°5 es 
4 36°6 37°0 — 
1380 22°6 0°00149 182 35°0 34°9 0°00509 
66 30°5 30°2 0°00486 
© 22°6 96 27°9 28°2 0:00560 
121 27°1 27 2 0:00524 
Ether + 1% Water. 141 26°6 26°5 0:00502 
168 25°8 25°8 0°00E13 
0 oe 34°7° —_— 242 24°45 24°6 as 
10 30°4° 30°5 0°0159 
20 27°6 27°6 0°0154 © 23°9 —- 0°00516 
30 25°4 25°5 0°0158 
40 ‘1 24°1 0°0154 


In the above table, the logarithmic constant for the carbonyl chloride solution is 
calculated in hours. 


VII. Arrest of Isomeric Change by Acetyl Chloride. 


In accordance with the explanation put forward above (§ II), the 
property possessed by carbonyl chloride of arresting isomeric change 
is due to a specific action on amines and ammonia. Similar properties 
should therefore be possessed by other acid chlorides which are capable 
of forming neutral amides. In order to test this, a solution of acetyl 
chloride in benzene was prepared of 1/50 concentration, and further 
diluted to V/5000. The second dilution was used as solvent for a 
5 per cent. solution of nitrocamphor, which was made up in a silica 
flask. The first sample transferred to the polarimeter tube showed a 
change of rotatory power from 126° to 116° in four days, the velocity 
constant being 0°000025, or about one-sixth of the normal value ; the 
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retardation was thus substantially identical with that produced by 
carbonyl chloride of half the concentration. The solution in the 
silica flask showed a decrease of rotatory power from 126°0° to 124:1° 
in five days, corresponding with a velocity constant 0°:0000038. At 
the end of forty-one days, a third sample was taken from the flask ; 
the specific rotation had fallen only 3 degrees in five weeks, the 
velocity-constant for the whole period being reduced to 0-0000017. 
The constant for the carbonyl chloride solution under similar con- 
ditions was 00000008. The acetyl chloride is therefore but little 
inferior to carbonyl chloride in its “ anticatalytic ” properties. 

It will be noticed that, both here and when carbonyl chloride was 
used, the arrest of the isomeric change in the solution in the quartz 
flask was much more marked in the latter than in the earlier stages of 
the experiment. This is probably due to the fact that the basic 
impurities on which the isomeric change depends are only very slowly 
eliminated when their concentration has been reduced, say, to 
V/100,000,000. The gradual elimination of the impurities in these 
solutions proceeds in a very similar manner to that of the piperidine 
in the V/1,000,000 solution in chloroform described in section ITI. 

Acetyl chloride was also found to be an efficient agent in arresting 
the isomeric change of nitrocamphor dissolved in carbon disulphide. 
The disulphide, which had been purified by standing for ten years 
over concentrated sulphuric acid, was twice distilled from phosphoric 
oxide and mixed with 1 per cent. of the 1/50 solution of acetyl 
chloride in benzene. The V/5000 solution obtained in this way was 
used for preparing a solution of nitrocamphor in a silica flask; the 
sample transferred to the polarimeter tube changed rapidly, and at the 
end of four days had attained to a condition of equilibrium ; the 
solution in the flask was found at the end of five days to have under- 
gone no change of rotatory power, the first readi g of the second 
sample being a little higher than the first reading of the rapidly- 
changing first sample; at the end of forty-one days, the rotatory 
power had risen, probably by slight evaporation of the solvent, 
to 89°3°. 

TaBLE V.—(a) Benzene and Acetyl Chloride. 
First sample. Second. 
mee i WS 2h mb (IE 


(6) Carbon Disulphide and Acetyl Chloride. 


First sample, Second. Third. 


N/108 Time 5m. 74h. . 46h. 100h 120 h, 41 d. 
[a], — 86°0° 84°8 2° 82°1 61°3. ~ 87°0 — 89°3° 
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VIII. Hauperiments with Phenyleurbimide. 


The main drawback to the use of acid chlorides as a means of 
eliminating ammonia and amines is that, in addition to the amide, 
hydrogen chloride is formed as a product of the interaction, and this, 
although much less active than the amines, has decided catalytic proper- 
ties. Another agent which could be used for the purpose, without 
the formation of any second product, was phenylearbimide. This was 
dissolved in benzene and diluted to a concentration of V/10,000. When 
used as a solvent for nitrocamphor, it was found that the rotatory 
power fell from 124°6° to 114°6° in ten hours, and that at the end of 
only two days a steady value had been reached. The velocity constant 
for the solution was 0°00032. The solution in the quartz flask showed 
a fall of rotatory power from 124°6° to 109°7° in four days, velocity 
constant 0°000078. 

It is evident from these experiments that phenylearbimide is 
of no value as an agent for restraining isomeric change. This may be 
attributed to the fact that it reacts, not only with amines, but also 
with hydroxylic compounds. The trace of the carbimide added to the 
benzene would therefore soon condense with y-nitrocamphor, and be 
rendered useless so far as the possibility of eliminating amines is con- 
cerned, When present in large quantities, on the other hand, there 
is little doubt that, whilst reacting with one or both of a pair of 
dynamic isomerides, it would at the same time eliminate basic impuri- 
ties and retard or arrest isomeric change (Brit. Assoc. Report, 1904, 
215). In this way, the definite results obtained by Goldschmidt (Ber., 
1890, 23, 257) when using the agent for the chemical examination of 
dynamic isomerides may be explained. 


Taste VI.—Benzene and Phenylearbimide. 


First sample. Second sample. 


wits Time 0h. 10} h. me | f 3days_ 
\[a], -—124°6° 114°6 97°1f | — 109°8° 


IX. Attempts to Arrest Isomeric Change in Acetic Acid. 


In the case of most of the more active solvents, such as the 
alcohols, it would be of no use to add an acid chloride as a purifying 
agent, as it would at once be decomposed by the solvent. In the case 
of acetic acid, however, it was possible to make experiments, com- 
parable with those carried out in benzene and in ether, by adding to 
the purified acetic acid either acetic anhydride or acetyl chloride to 
eliminate ammonia and amines. In the first place, acetic anhydride 
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only was added, the purified acid to be used as solvent for the nitro- 
camphor being distilled with 1 per cent. of the anhydride. So far from 
retarding the change, this treatment actually caused an acceleration, 
owing, perhaps, to the presence of phosphorus compounds in the 
anhydride. In some later experiments, a trace of acetyl chloride was 
added to the mixture as it was thought that the anhydride might be 
somewhat slow in reacting with bases. In this case, also, we failed to 
produce any definite retardation of the isomeric change. So far as 
the present experiments are concerned, it appears, therefore, that the 
methods by which isomeric change may be arrested in benzene, in 
ether, and in carbon disulphide are not applicable to the group of 
active solvents to which acetic acid belongs. 


Taste VII.—Acetic Acid, Acetic Anhydride, and Acetyl Chloride. 


f Time 5 m. 10 20 
(fa) -4°4 - 3°8 3°2 
Time 180 m. 
[a], +3°9 
Norre.—The data for acetic acid alone and for acetic acid with 1 per cent. acetic 
anhydride are included in? Table II of the preceding paper. 


X. Theory of Isomeric Change. 


The observations described above, and summarised in Table VIII, 
have an important bearing on the theory of isomeric change. Up to 
the present, three chief theories have been advanced. 

(1) It was suggested by Laar, in 1885, that in cases such as that 
under consideration the substance is “ tautomeric,” that is, in a state 
of constant oscillation, the mobile hydrogen atom moving constantly 
to and fro between two alternative positions, Not only therefore was 
the isomeric change spontaneous, but the isomerides were reduced to 
‘ phases,” which could not be separated in any conceivable circum- 
stances, unless, possibly, under the inaccessible conditions of the 
absolute zero. 

(2) Eight years previously, Butleroff, in calling attention to the 
existence of reversible isomeric changes in liquids and solutions, had 
suggested that these might be (a) dependent on the presence of a 
catalyst, or (6) spontaneous. 
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Tas_eE VIII.—Velocity Constants. 


Solvent. Constant. Period. Percentage. 
Chloroform+4/10 CCl,°CO,H 06 33 mins. 18°82 
os + NV/10? CCl, 3°CO,H... sacee 54 hours 1°93 
o + V/10* CCl, *CO,H oo 0 
Benzene 0°00010 16 days 0°0272 
+N/104 COCI, (glass) 0000024 66 days 0°0065 
+NV/10* COC], (silica) 0°00000078 6 years 000021 
+ N/104 CH,*COCI (glass) 0:000025 64 days 0:0068 
+N/10+ CH,*COCI (silica) 0°0000017 2 years 0:0005 
+/10* C,H;"CNO (glass) 0°00032 4} days 0-087 
+N/104 C,H;°CNO (silica) ......... 0°000078 204 days 0°0212 
Ether + 1% water 015 24 hours 4°19 
only , g 26 hours 0°405 
tN /108 COCI, (glass) 0000086 18 days 0°0234 
+ N/2500 COCI, (silica) 0°000026 61 days 0°0071 


Nore.—The values marked (glass) are for solutions kept in glass polarimeter 
tubes. Those marked (silica) are for solutions kept in silica flasks. 


2”? 


(3) The third alternative, suggested in 1899, was an extension to 
the labile forms of isomerism of the theory of chemical change which 
Armstrong had applied to the observations of Dixon and Baker in 
reference to the properties of dried gases. It was suggested that, 
just as a trace of moisture is necessary, not only for the combustion of 
phosphorus in oxygen, but even for such simple changes as the com- 
bination of hydrogen chloride with ammonia or the reverse dissocia- 
tion of ammonium chloride, so, also, the transference of a mobile 
hydrogen atom could only be effected in presence, not merely of a 
solvent, but also of a catalyst. The experiments now recorded afford 
the strongest possible confirmation of this view. 

Assuming, then, that the isomeric change is caused by a catalyst, two 
alternative theories are possible in reference to the way in which it 
acts. 

(1) It was conceivable that the essential condition was the 
“ionisation” or “ electrolytic dissociation” of the compound. Thus, 
if once the hydrogen atom were detached from the molecule, it was 
possible that the remaining radicle, being endowed with a free valency, 
might be able to undergo change spontaneously. In this way, the 
action of alkaline catalysts and the increased velocity of change in 
ionising solvents could be explained, although the catalytic action of 
acids would be less easy to understand. 

(2) It was possible that the catalyst might combine reversibly with 
the substance undergoing change, for example, in the case of keto- 
enolic isomerides with an peer “gi 


‘CH, | ~~ 
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Such an action might take place in presence of any substance 
capable of being resolved into a hydrogen atom and some other 
radicle, for example, water, H‘OH, alcohol, H-OEt, acetic acid, H*Ac, 
mineral acids, such as H-Cl, ammonia, H*NH.,, or a base, H«OK, 

In comparing these two explanations, it should be noted that ether 
belongs to the class of ionising solvents, since solutions of hydrogen 
chloride in this liquid possess conducting properties which have been 
somewhat fully studied. If therefore an ionising solvent were a 
sufficient cause of isomeric change, it should be impossible, by means 
of carbonyl chloride or otherwise, to produce any arrest of change in 
this solvent. In the light of the experiments now recorded, the 
former explanation appears to be untenable. 

On the other hand, the hydrogen compounds enumerated above are 
just those which exert a powerful catalytic action on the isomeric 
change of dextrose, nitrocamphor, &c. The catalytic action of acids, 
of bases, and of water is described in the preceding paper; in the 
same paper are also shown the rapid isomeric changes which take 
place in alcohol and in acetic acid as compared with the slow changes 
in ether, benzene, chloroform, from which a hydrogen atom cannot be 
separated easily. It is therefore clear that the experimental facts at 
present established are decidedly in favour of the associative, rather 
than the dissociative, theory of isomeric change. 

It will be remembered that the presence of water alone does not 
appear to be sufficient to condition the interaction of hydrogen and 
oxygen; it is necessary that the water should be sufficiently impure to 
become an electrolyte. Similar considerations probably apply to the 
present instance, for example, the effective catalyst is probably, not 
pure water, but conducting water, not pure acetic acid, but the con- 
ducting acid, and so forth. The trace of impurity required to impart 
conductivity is, however, excessively small, and under most conditions 
the catalyst will carry with it a sufficient quantity to fulfil this con- 
dition, if, indeed, it is not already fulfilled, owing to the presence in 
the liquid of the two substances involved in the isomeric change. 


XI. Theory of Isomeric Change: Jsorropesis. 


Laar’s theory of “tautomerism”’ has recently been revived by Baly 
in a special case under the name of “ isorropesis.” This term has 
been introduced in order to describe a reversible isomeric change in 
which the atoms retain their relative positions, but become linked by 
different valencies. The examples of this type of isomerism most 
frequently postulated are those of benzene, in which the identity of 
the 1: 2- and 1 : 6-di-derivatives has been explained by the continuous 
travelling round the ring of the single and double bonds: 
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A simpler example is afforded by camphorquinone: 
C:0 C-O 
CH u<h.5 =~ Of, Hd: 

The occurrence of this change has been postulated in order to 
account for absorption bands in the spectra of certain substances, and, 
since camphorquinone retains its colour in the solid state, it appears 
to be implied that isomeric change is still proceeding ; the properties 
assigned to compounds undergoing ‘isorropesis”’ are therefore those 
of “tautomeric ”’ substances in the original sense of the word, and do 
not correspond in any way with the experimentally established pro- 
perties of dynamic isomerides. 

Whether it will be possible in such cases as these to revivify Laar’s 
discarded theory of tautomerism remains to be seen, but it is at least 
permissible to question whether even a re-arrangement of bonds can 
be effected within the molecule and apart from the presence of a 
catalyst. 

Summary. 


(1) The active agent in arresting the isomeric change of nitro- 
camphor dissolved in chloroform is carbonyl chloride, which is pro- 
duced by oxidation of the solvent in sunlight or in presence of acids. 
The carbonyl chloride converts ammonia and other aminic impurities 
into neutral carbamides, and so destroys their catalytic action. 

(2) By adding small quantities of carbony! chloride, it is possible to 
arrest the isomeric change in other solvents, such as benzene or ether. 
Acetyl chloride may be used to arrest the change in benzene or in 
carbon disulphide, but not in acetic acid. Phenylearbimide produces 
no retardation in benzene solutions. 

(3) The view is advanced that a catalyst is necessary in all cases of 
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isomeric change. Changes of the keto-enolic type may be effected by 
water, alcohols, acids, amines, and bases. These substances, which are 
all of the type HX, probably act by forming additive compounds from 
which the catalyst may be eliminated in two ways. 

(4) Solvents from which a hydrogen atom cannot be eliminated 
easily are not able to initiate isomeric change, even though, as in the 
case of ether, they may possess ionising properties, 


The expenses incurred during the investigations described in this 
and in the preceding paper were, in part, defrayed by grants from the 
Research Fund of the Society and from the British Association ; we 
desire in each case to express our indebtedness for the help thus 
afforded. We are also indebted to Prof. Armstrong for valuable 
criticisms, and to Mr. W. P. Paddison for assistance in the experi- 
mental work. 

WESTMINSTER TRAINING COLLEGE, 
Lonpon, 8. W. 


XIV.—The Effect of Heat on the Alkyl lodides. 
By Zetpa Kanan, B.Sc. 


Some years ago, Dr. Travers, wishing to prepare butane, employed for 
this purpose the well known method of heating together ethyl iodide 
and zinc. He found, however, that, instead of obtaining pure butane, 
a mixture of gases was formed, the chief constituent of which was 
ethane. To investigate the cause of this, a few preliminary experi- 
ments were performed, but the work was abandoned owing to lack of 
time. The investigation of the influence of heat on the alkyl iodides 
is so much the more important in view of the interesting experiments 
performed by Nef, and the theory of the bivalent carbon atom based 
upon them. If it could be proved that in the state of vapour the 
alkyl iodides are dissociated, it would at least be strong evidence of 
their being in a similar state in solution. As a result of a large 
number of experiments (Annalen, 1892, 270, 267; 1897, 29'7, 202; 
1899, 309, 126; 1901, 318, 1), Nef has arrived at the conclusion 
that all chemical actions, whether of addition or substitution, are to 
be explained by an application, in each case, of the principle of dis- 
sociation. As regards the alkyl halides, Nef assumes that the first 
stage in their reaction in solution, whatever the other reacting sub- 
stance may be, isa dissociation into an alkylidene or methylene deriv- 
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ative and the halogen acid; thus a compound of the type RCS 


would yield R< +(X + Y), these two active residues then react with 
the active residues of the other substance (produced in a similar 
manner), yielding the observed products of the reaction. Without 
discussing the large number of interesting experiments performed by 
Nef in proof of his theory, it may be mentioned that much of the 
earlier work on the subject is either directly in favour of this theory, 
or at least of the dissociation of the alkyl halide into olefine and 
halogen acid. Thus all the facts observed by Frankland in his 
exhaustive study of the alkyl iodides can be explained very simply 
on the hypothesis of their dissociation, whereas any other explanation 
is wholly inadequate to elucidate all the observed facts. Among the 
most instructive of his experiments are those of the reaction of zine 
with ethyl iodide in presence of water, alcohol, and ether. With 
water, the only gas evolved was ethane, the large number of hydrogen 


H- 
atomsnaturally reducing the alkylidene, thus : MeCH< + H- = MeCH,, 


also MeCH< + H‘OH—> EtOH( + MeCH<) —~> Et-O-Et, ether, also, 
being a product of the reaction. As is to be expected, the products 
of the reaction are the same with alcohol, but with ether, ethylene 
and butane are also formed. That this explanation is probably the 
true one is further confirmed by the work of Niederist (Journ. Chem. 
Soc., 1877, ii, 422); Butleroff (Compt. rend., 1861, 53, 247); 
Buckeisen and Wanklyn (Journ. Chem. Soc., 1861, 13, 140); Erlen- 
meyer (Ann. Phys. Chem., 1866, 139, 228); Aronstein (Ber., 1881, 
14, 607 ; 1880, 13, 489), and many others. 

The most interesting case of all is perhaps the production of ethers 
and olefines when the alkyl halides react with potassium or sodium 
ethoxides, or with silver nitrate in alcoholic solution, and in this con- 
nexion it might be mentioned that the criticism passed on this theory 
by Burke and Donnan (Trans., 1904, 85, 561) on account of Brussof’s 
results (Zeitsch. physikal. Chem., 1900, 34, 129) is not really valid. 
Brussof measured the total amount of olefine obtained from the various 
alkyl iodides under similar conditions, and found that zsopropyl iodide 
gave very nearly the same quantity of olefine as isobutyl iodide. From 
this, it would appear that the amount of alkylene dissociation was 
practically the same for isopropyl as for isobutyl iodide, whereas, 
according to Burke and Donnan’s experiments, the velocity of reaction 
for isopropyl iodide and silver nitrate in alcoholic solution is at least 
one hundred and forty times as great as that for zsobuty] iodide. 

Now, although it is true that hydrogen iodide obtained from either 
kind of dissociation is equally efficient for reacting with silver nitrate, 
the amount of olefine obtained is not necessarily a measure of the 
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velocity of dissociation ; at most, it only shows how readily the 
butylidene or propylidene passes into the corresponding olefine, thus: 


1 3 
A. 0,H,I —> CH, CH< —> CH,CH, —> CH,:CH,, 
| 


1 2 3 
B. (CH,),CHI —> (CH,),C< —> CHyCH-CH, —> CH,-CH:CH,, 


1 2 
C. (CH;),CH:CH,I —> (CH,),CH:CH< —> 
8 
(CH,),0-CH, —-> (CH,).C:CH,, 
1 | 


and what Brussof’s experiments show at most is, that in A the changes 
(2) and (3) are less rapid than in B and C, whilst the two latter may 
be approximately equal. This result is in complete agreement with 
Nef’s own results (Annalen, 1901, 318, 1). The initial dissociation 
or its velocity may be far more in one case than another, with con- 
sequent production of much acid, but if less olefine is formed, then there 
is more alkylene available for the production of polymerides or 
addition products. Asa matter of fact, Brussof himself found that 
the amount of ether formed is the greater the less the olefine evolved. 
It seems more difficult, however, to account for the fact that, whereas in 
the reaction of isobutyl iodide with alcoholic potash Nef obtained 
only isobutylene but no isobutyl ethyl ether, in the reaction with 
silver nitrate the ether is produced besides butylene. May this fact, 
however, not depend on the relative stability of the butyl ethyl ether 
in alkaline and acid solution? The function of the sodium hydroxide, 
as of the silver nitrate, is, indeed, to remove the hydrogen iodide, but 
in the case of sodium hydroxide the reacting mixture is throughout 
an alkaline one, and if the ether is unstable in alkaline solution 


it would at once break up, thus: Me,CH-CH<G. oH 
atts 


Me,CH:CH<+C,H;*OH ; there would thus be a large number of 
alkylidene residues which would be favourable to the formation of 
isobutylene. Silver nitrate, however, produces the free acid, and this 
may be favourable to the formation of the ether. 


EXPERIMENTAL. 
Action of Heat on Ethyl Iodide. 


From the foregoing and other work that might be cited, it will be 
seen that a good deal of the experimental evidence is either in favour 
of or not against the theory that the first stage in the reaction of the 

alkyl iodides is their dissociation into halogen acid and alkylidene or 
alkylene, and the object of the experiments described in this paper 
was to throw further light on the subject by a more detailed study of 


the 
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the behaviour of the alkyl iodides under the influence of heat. The 
iodides were generally allowed to stand over silver oxide before re- 
distillation over phosphoric oxide. isoPropy! iodide seemed to decom- 
pose when distilled over the latter, and had therefore to be dried with 
calcium chloride; it could, also, never be obtained colourless, unless 
first decolorised completely with silver oxide. The vapour density of 
ethyl iodide was first determined by Victor Meyer’s method, with the 
following results, which must be regarded as qualitative only : 


Exp. Density. 
Be WINE <i savchasdansdgeasnncameas 100° 78°8 

Das = BROS oi cscovanccatpediecccas ‘ 

III. Dimethylaniline ............ 192 77 1} 76 7 


IV. Ethyl benzoate ...........000 210 72°5 


VY. Bromonaphthalene ......... 280 


VI. Diphenylamine............... 310 
Temperature observed 305 


Calculating the percentage dissociation by means of the formula; 


o = OE =), wo find : 


Temp. Extent of dissociation =a, 
100° _ 
180 _ 
192 
210 
280 2 
305 3 


density = 62'3) 
density = 57°6) 


oo 


The increase of dissociation seems to be fairly regular between 
192—280°, but at 280°, when there is no longer a sharp end point to 
the displacement of air, there is evidently some secondary reaction, 
probably the dissociation of hydrogen iodide or, possibly, of C,H, into 
C,H,+H. Against the latter, it must be said that if C,H, were 
indeed formed, it should polymerise partly into butane, when the 
contraction in volume should at least counterbalance the effect of 
the dissociation. On the other hand, on shaking out the tube with a 
little water, no acid reaction was obtained. At 280—305°, iodine was 
formed in the tube, a trace was also found at 210°, whilst below that 
none was produced, 
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Ethyl Iodide Heated alone in Sealed Tubes : 


Time of Amount removed 
A. heating. Temp. of KOH. Ethylene. Ethane, 
I. 5 hours 270° 0°06 0 100 
Il. . © 254 0°10 4°6 95°4 
III. - 270 0°08 0 100 
7 © 254 1°47 25°5 74-0 
Vv. 25 os 210 Amount of gas too small for analysis, 


These results, as well as nearly all those given in this paper, are but 
typical instances of a large number of similar experiments. 

B. A large quantity of gas was next prepared by heating several tubes 
to 270° for three to five hours, and fractionated by means of liquid air 
and also liquid air and alcohol, the gas being passed previously through 
potassium hydroxide; the fractions were then analysed separately, 
The only product of the reaction was ethane, together with about 
0:3 per cent. of hydrogen and about 0°5 per cent. of butane. 

C. In these experiments, the tube was heated to about 255° for two 
hours in the first heating, and to about 270° in each of the subsequent 
heatings, the excess of gas being removed after each heating : 


1st Heating. 2nd Heating. 3rd Heating. 
Ethylene ...... 35°7 per cent. 2 per cent. 0 per cent. 
Ethane ..;...... 64°3,, 90°3—,, § ” 
Butane ......... _ oe w trace 
Hydrogen ...... — —_ -” * 
Methane......... — — trace 
DEE wriwiviciacesce — trace trace 


D. In this series, an attempt was made to collect the gases while 
still hot. This was done in order to prevent the prolonged reaction of 
the constituents while the tube was cooling; it was also hoped to 
separate, at least partly, the hydrogen iodide, if any were formed, or 
else the iodine from the hydrogen if it had decomposed, and to prevent 
the re-association of the first products of the reaction. Moreover, the 
experiments could be conducted at lower temperatures, and without 
allowing air to enter the reaction tube at any stage of the reaction. 
The following apparatus was constructed specially for this purpose. 

The tube, A, was of the usual kind, and was drawn out to a capillary 
at c, and bent as shown, so that, when the desired quantity of iodide 
had been introduced through 0, it could be sealed off at C. The 
capillary tap and tube, 7’, was fused on to A, # and F being only two 
pieces of ordinary glass tubing joined bya capillary, P. The other 
side of 7’ was joined to a capillary tube leading to the arrangement 
shown, S being filled previously with asbestos, and Z with an easily 
fusible metal. The air was driven out of A through 7’ by boiling the 
ethyl iodide in it. 7’ was then shut, and the metal in Z gently heated 
and allowed to run into P, / served to retain any metal that might 
escape solidification in ?. This constituted an effective closing of the 


137 


THE EFFECT OF HEAT ON THE ALKYL IODIDES. 


KAHAN: 


tube A. This device had to be adopted because repeated experiments 
showed that the taps would not withstand the pressure of the hot 
vapours and gases produced in A. Mercury or water was next 
introduced through the open end of tube WV to 7 by suction at 7”, 
the latter was then joined to the pump, and the space 7’ to 7" evacuated. 
When A had been heated to the required temperature, the tap, 7', was 
opened and P heated gently, 7’! being opened simultaneously; the 
gases from A at once forced their way through, and were collected at 
N. As soon as the excess of gas had been evolved, Z was heated to 
seal off the tube, which was then re-heated. As grease is dissolved 
by ethyl iodide, phosphoric oxide was used as a lubricant for the taps, 
but although the apparatus worked successfully enough, the appearance 
of the taps showed that they were not air-tight ; probably a better 
result would be obtained by employing taps working in mercury cups, 
this was not attempted in this series of experiments. As, however, 


Mercury 
“or Water 


ene dves Ice or freezing mixture 


\ 


the air could not have entered the tube, A, it may be of interest to give 
the results of one complete experiment. The thermometer in the 
furnace indicated 230°, but from the long time taken to reach this point, 
and from the appearance of the tube, the temperature must have been 
considerably higher : 


1st Heating, 2nd Heating, 3rd Heating, 
230° (2). 230°. 260°. 
BARS cc ccecosccsines 12 per cent. 6°9 per cent. 0 per cent. 
Explosion results after removal of ethylene. 
OW icsictswanrutievecarsiies 7°49 per cent. 4°71 per cent. 2°35 per cent, 
Contraction ............ O24 Lae- # 5°06 yy 
datipdeautang Spsumdaniin 7°4 pes i ae 3°51 _sé,, 
Ratio contraction/CO, 1°33 ,, |) ee im’ 3; 


It was evident that the gas contained air, and this was further 
confirmed by burning the residual oxygen after the removal of carbon 
dioxide with phosphorus, when some nitrogen always remained behind, 
but the results show clearly that more ethylene is obtained at first 
than on subsequent heatings, and that only small quantities of hydrogen 
are produced. In the next period, the ethylene has been reduced and 
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less of it is obtained, whilst after the third heating only ethane and 
hydrogen are produced. The tubes, when heated to 250° for about six 
hours, or to 270° for a short time, contained a considerable amount of 
carbon. No carbon was produced in tubes heated to less than 250° or 
to that temperature for about one to four hours. 

Although, from the above experiments, it is to be concluded that 
hydrogen iodide is one of the products of the reaction, it was scarcely 
ever directly shown to be present ; the water through which the gases 
were led never giving a decidedly acid reaction. Taking advantage of 
the fact mentioned by Mendeléeff (‘‘ Principles of Chemistry”), that 
silver chloride is very slowly decomposed by hydrogen iodide at 180°, 
it was determined to try the action of it on ethyl iodide. If hydrogen 
iodide is indeed produced, it should act on the silver chloride, forming 
hydrogen chloride, which, since it does not readily act on ethylene and 
should not decompose at the temperature, would appear as an end 
product, This expectation was realised. A tube containing dry silver 
chloride and ethyl iodide was heated to 250° for three hours. There 
was considerable pressure on opening the tube, and the water through 
which some of the gas was passed had a distinctly acid reaction, gave 
an almost white precipitate with silver nitrate, and with potassium 
dichromate and sulphuric acid gave the characteristic chromyl chloride 
reaction. The gas itself before being passed through water fumed 
slightly in air, and burned with a pale green flame; after removal 
of hydrogen chloride, the gas consisted of 27 per cent. of ethylene, 
70 per cent. of ethane, and 2°6 per cent. of hydrogen. The experiment 
was repeated several times with exactly similar results. 


Action of Zine on Ethyl Iodide : 


Wt. of Wt. of Ethylene, Butane, Ethane, Hydrogen, 
Kind of Znin C,H, in Time and per per per per 
zinc used. grams, grams. temp. cent, cent. cent. cent. 
3 100 —160° 20 10°4 69°6 0 
44 hours 
6 100—160° 26°4 3°6 70 
34 hours 
6 100—160° 20°8 54°4 
34 hours 
6 270° 0 96°9 
34 hours 
2 270° y 32°38 64°3 
34 hours 


It is seen that, although the zinc was always in excess of that 
theoretically necessary for complete double decomposition into butane 
and zine iodide, yet the greater the proportion of zinc employed the 
greater the amount of butane obtained. It is difficult to explain such 
a result on the hypothesis of a primary dissociation into R and HI ; 
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two explanations may, however, be given: (1) that, in addition to 
alkylidene or alkylene dissociation, the iodide is also dissociated to a 
very slight extent into C,H,+I. A large excess of zinc removes the 
iodine as quickly as formed, leaving a larger number of ethyl groups, 
which polymerise and form butane. (2) The dissociation is wholly 
into R+ HI, but zinc in the active state also exists to a small extent 


M, 
s, 


atom. The greater the amount of zinc used the larger the number of 
active atoms of >Zn< present, Then “>Zn< + 2CH,;CH< —> 


x7, OH-CH, m Ky .-CH,CH 
>in<oy.cH —> 72" cH:-CH 


stable compound than zine ethy], Zn 


and, zine iodide being a more 
.-CH,°CH, 
~CH,°CH, 
The assumption that zinc can also exist as a quadrivalent element, 
certainly seems to be rather an improbable one, since the metals of the 
same and neighbouring groups of the periodic system, if they are ever 
anything but bivalent, are usually univalent ; the suggestion is only 
made here, because it gives perhaps the most probable explanation of 
the behaviour of the propyl iodides. On the other hand, there is 
nothing inherently impossible in the assumption. We know that in 
the case of many elements, the valencies are not fixed and unalterable. 
-Such a stable bivalent element as oxygen, for example, has been shown 
to be quadrivalent under certain conditions. Again, the phenomena 
of double salt formation and of water, alcohol, or ammonia of 
crystallisation would find an easy explanation by assuming the 
presence of ordinarily latent residual affinities in the elements. It is 
thus conceivable that zinc, just like tin, oxygen, or other elements, can 
act sometimes as though it were quadrivalent (compare also Abegg, 
Zeitsch. anorg. Chem., 1904, 39, 330; Marozoff, J. Russ. Phys. Chem. 
Soc., 1906, 38, 480). A mixture of the gases obtained as above was 
also fractionated by means of liquid air, and, in addition to the gases 
already mentioned, 1—1‘5 per cent. of hydrogen and, possibly, 
0:'5—1 per cent. of methane were also detected. 


—> Znl, + C,Hyo. 


Action of Sodium on Ethyl Iodide. 

One gram of sodium in small pieces was heated with about 3 grams 
of ethyl iodide at 130—150° for three to four hours. The gas was 
fractionated and analysed, and the percentage composition was approxi- 
mately 40 of ethylene, 45 of ethane, 15 of butane, 0‘5—1 of hydrogen, 
and 0°5—1 of methane, 
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Action of Heat on Methyl Iodide. 


Tubes charged with methyl iodide, when heated to 265° for three 
hours, were found to contain no gas but, when heated to 270° for six 
hours about 10 c.c. were obtained, which consisted of ethylene and 
methane, the former varying between 3 and 12 per cent. in the 
different tubes. Hydrogen iodide was not detected. 

Methyl Jodide and Silver Chloride.—The tubes were heated to 275° for 
five hours; when collected over water, four-fifths of the resulting gas was 
dissolved, the rest consisting of methane with 2 per cent. of ethylene. 
A large quantity of gas was prepared, and collected over mercury. 
Some of it was passed through a little water, which afterwards gave a 
distinctly acid reaction and an almost white precipitate with silver 
nitrate. Fourteen per cent. of the gas was absorbed by potassium 
hydroxide, the rest on fractionation was found to consist of nearly 
25 per cent of methane, about 74 per cent. of methyl chloride, mixed 
with a little methyl iodide vapour, and possibly about 2 per cent. of 
ethylene and 0°5 per cent. of hydrogen. When the methyl chloride 
was exploded with oxygen, a thick incrustation of mercuric chloride 
and a little iodide was formed on the sides of the burette. When the 


mercury was raised so that it reached this incrustation, a pungent gas 
with an acid reaction was given off. After this operation had been 
repeated two or three times, no more gas was evolved. Methyl chloride 
could have been formed either according to: 


(1) CH,I+AgCl=AglI +CH,Cl or 
(2) CH,I —> CH,<+HI; HI+AgCl=Agl+H Cl 


CH, <+H Cl=CH,<{j and CH,< +2H=CH, 
and CH,< +CH,< =0,H,. 


Action (1) is evidently inadequate to explain the production of 
methane or ethylene ; the temperature was too low for a total des- 
truction of methyl iodide, and, even if this were decomposed according 
to CH,I —> CH,+I, no methane could be produced unless the 
reaction CH, —--> CH,+H took place, also some ethane should have 
been formed. If (2) is the actual course of the reaction, then it 
shows: (1) that methylene combines with hydrogen chloride more 
easily than ethylene. (2) That methylene unites with other substances 
more readily than it polymerises, for very little ethylene is produced. 
(3) That methylene combines with hydrogen chloride as readily as, if 
not more so than, with hydrogen iodide. In view of the behaviour of 
ethylene, this seems more unlikely ; however, it is quite possible that 
methylene, as the first member of the series, presents many striking 
differences from the other members. 
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Methyl Iodide and Barium Perowide.—In order to see whether the 
hydrogen iodide might be oxidised, thus leaving the methylene to 
remain free or to polymerise, the action of barium peroxide was tried. 
The result, however, was quite contrary to what had been expected at 
first. A tube, containing methyl iodide and dry barium peroxide, was 
heated to about 250°, the resulting gas fractionated with liquid air, 
and analysed. The percentage composition was 50 of methane, 18 of 
carbon dioxide, 14 of carbon monoxide, 6°5 of hydrogen, 5:5 of an 
unsaturated hydrocarbon, probably ethylene, and 6 (by difference) of 
a higher saturated hydrocarbon, possibly ethane. Although not 
fulfilling the purpose for which the experiment was started, the 
results are still interesting, for the question arises as to what gave 
rise to carbon mono- and di-oxides. Methane is excluded, for it 
only commences to unite with oxygen at 300°, and then only slowly 
if kept at that temperature for a week or so (Bone and Wheeler, 
Trans., 1902, 81, 535). It is also very unlikely that either ethylene 
or ethane should be the cause (Trans., 1904, 85, 693, 1637). If, 
however, we assume the primary production of methylene and 
hydrogen iodide, all difficulty disappears, thus we have: 


lH 
HI HI | 
Ba0°0 —»> Bat0-O —>» Bai0O —> BeO-O —> BaOO => 
| | | . 
1H tH tH 


Bal, + H,O, —> H,O + O= 


CH,<+0= =0:0<H —> CO+H, 


| 
Vv ” 


=O 
OSG —> 006, —> 00+H,0 


| 

y 20= 
O H. 

C —> CO, + H,9, 
i? en 2 2 


also >CH, + H, = CH, and >CH, + >CH, = C,H, —> O,H, ; the last 
two processes taking place very slowly. This agrees with the property 
already attributed to methylene of combining with other substances 
more readily than of polymerising. We should in any case expect 
methylene to be oxidised and reduced very rapidly. 

Methyl Iodide and Zinc.—The results are shown in the following 
table : 


Zine, CHsgl, Time and tem- Ethylene, Ethane, Methane, 
in grams. in grams. perature of heating. percent. percent. percent. 
2 5 3 hours to 180° 55 14°3 80 

5°5 3 mm = 6°5 38°6 55°5 
2 5 a 275° 1-2 0 98—100 
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On fractionation of a mixture of these gases, about 0'5 per cent. of 
hydrogen was also detected. Thus the results are very analogous to: 
those furnished by ethy] iodide, and the reason for obtaining a larger 
proportion of ethane when a large excess of zine is used would be the 
same as that for obtaining butane from ethyl iodide in similar circum- 
stances. On the other hand, the production of methane at such low 
temperatures can only be explained by assuming the formation of 
>CH,, and its reduction by the hydrogen iodide. The comparative 
stability of methyl iodide, and the fact that it is easier to estimate 
methoxy- than ethoxy-groups by Zeisel’s method (Decker, Ber., 1903, 
36, 2895 ; Perkin, Trans., 1903, 83, 1367), find an explanation in 
the readiness with which methylene unites with other elements. 
This view is further supported by the experiments of Moureu and 
Valeur on the reaction of sparteine with methyl and ethyl iodides 
with and without the corresponding alcohols as solvents (Compt. rend., 
1905, 141, 49), and by those of Chablay with methyl chloride and 
sodamide (Compt. rend., 1905, 140, 1262). 


Experiments with the Propyl TIodides. 
} py 


Both alone and with metals these decompose much more readily 
than ethyl iodide, Some of the gas evidently condenses in the 
reaction tubes, as, when they were opened, a portion of the remaining 
liquid very soon boiled away. The mercury in the gas holder was 
attacked almost as soon as the gas entered ; on this account, the gases 
were usually collected over water. When a little mercury was boiled 
with some of the iso- or normal iodide, it was not attacked even after 
some time. The gas obtained by heating either of the iodides alone 
fumed in air, a property which it lost after standing over mercury 
for some time, or directly it was passed through water, the latter 
in this case giving a distinctly acid reaction. The gas also had a 
pungent odour, and burned with a pale, peach-coloured, then luminous 
flame. Evidently hydrogen iodide was contained in it, but the quantity 
absorbed by water or potassium hydroxide was very small. Most of 
it was soluble in alcohol. 

isoPropyl Iodide.—When heated alone for two and a-half hours to 
250°, the pressure was so great that, in many cases, the rubber tube 
connecting the reaction tube to the gas holder burst with a loud 
report. The gas was fractionated after removal of hydrogen iodide, 
the uncondensable portion consisted of 1—1°5 per cent. of hydrogen ; 
the rest contained no unsaturated gas, and consisted of pure propane, 
the explosion results being : 


3°66 gas gave : C,H, requires : 
Ceeieeiam, §—«-_ BF ec seicccascnnsccencanens 10°83 
Carbon dioxide, 10°85 ............ccceeececees 10°83 


CI I, BIE ss cases sevacesiscsvnns 18:05 
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Tubes heated to 175° from three to six hours gave similar results, 
the hydrogen being 0°5—1 per cent. In one experiment there 
seemed to be the possibility of an admixture of a minute quantity of 
a higher hydrocarbon. 

isoPropyl Iodide with Zinc at 110°.—The gas did not fume, and was 
soluble in alcohol, but not in water or potassium hydroxide ; it had no 
acid reaction. It was found to consist of 35 per cent. of propylene, 5 per 
cent. of hydrogen, and nearly 60 per cent. of propane. 

With Sodium.—Schorlemmer (Proc. Roy.!Soc., 1867, 15,34) remarks 
that isopropyl iodide does not react with sodium even at its boiling 
point. His experimental conditions were different from those obtain- 
ing here, for in a sealed tube at 110° the reaction with sodium was 
found to be no less marked than with zinc, the gases formed consisting 
of 53 per cent. of propylene, 2 per cent. of hydrogen, and the rest was 
pure propane. 

n-Propyl Iodide Heated alone to 175°.—The gas formed consisted of 
pure propane, mixed with 0°3 per cent. of, hydrogen and _ possibly less 
than 1 per cent. of unsaturated hydrocarbon. 

n-Propyl Iodide with Zine at 200°.—The gas consisted of 5 per cent. 
of hydrogen, 45 per cent. of propane, and 50 per cent. of propylene. 

With Sodium.—At 110°, very little gas was formed, although, when 
the tube containing the sodium and ;the iodide had been sealed off 
after boiling out the air, the liquid disappeared in about half an hour, 
whereas in the case of the isoiodide the liquid remained for several 
days without any change. At 210°, rather more gas was produced, 
but there was no very great pressure; after removing the excess 
of gas, the tube was again heated, but no further pressure of gas was 
observed. The gas obtained at 210° consisted of 46 per cent. of 
propylene, 48 per cent. of propane, and 5°7 per cent. of hydrogen. 

Many attempts were made to isolate the bromide or iodide of 
diethylethylene, CH,*CH,-CH:CH-CH,°CH,, or of tetramethyl- 
ethylene, (CH,),0:C(CH,),, from the liquid remaining in the iso- and 
n-propyl iodide tubes when heated alone, but with no success. After 
removing the iodine with potassium hydroxide, a heavy, black oil re- 
mained, which was soluble in ether and alcohol. It decomposed on 
standing, with production of iodine and carbon, and also yielded these 
products when it was distilled under ordinary or reduced pressure. 
It probably consists of a mixture of very unstable iodides of complex 
hydrocarbons, and, perhaps, also of iodides of carbon. 

It is remarkable that scarcely any propylene should be formed 
when the propyl iodides are heated alone, whereas with zinc or sodium 
nearly half the gas obtained consists of propylene. On the assumption 
of a dissociation into R + HI, one would expect just the opposite, for 
the zinc or sodium should decompose the hydrogen iodide as fast as it 
is formed, leaving as much nascent hydrogen to reduce propylene or 
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propylidene to propane as when the iodides are heated alone. Why, 
then, should there be more polymerisation in the one case than in the 
other? If we assume that zinc can exist as *>>Zn< in its active state, 
the reaction becomes easier to understand. For, if the propyl iodides 
dissociate very easily into propylene and hydrogen iodide, then, when 
heated alone, there is always sufficient hydrogen iodide to reduce half 
the propylene or propylidene to propane, leaving the rest free to form 
complex hydrocarbons or their derivatives; when, however, zinc is 


present, then: nx + 2C,H.- = : 


I -O,H,*H 
oan eH —> ZnI, + C,H, +C,H,. 


It might here be remarked that in the case of ethyl iodide, the pro- 
portion of ethylene produced is also greater in the presence than in 
the absence of zinc. 

Conclusion.—So far as the behaviour of the alkyl iodides in a state 
of vapour is concerned, the evidence is wholly in favour of their 
dissociation into hydrogen iodide and alkylene or alkylidene, which of 
the two latter is actually formed still being open to doubt. There is, 
however, nothing to prevent the assumption that they also dissociate 
to a slight extent into alkyl and iodine as urged by Lobry de Bruyn 
and Tjimstra (Zeitsch. physikal. Chem., 1904, 40, 436). In support of the 
view that the alkyl iodides dissociate, might also be cited the many 
cases in which their addition or substitution derivatives are formed 
only, or more readily, in the presence of a strong dissociating agent 
(compare Mouneyrat, Compt. rend., 1898, 127, 273 ; also Bull. Soc. 
chim., 1899, [iii], 21, 615; Kronstein, Ber., 1891, 24, 4245). Most 
of their reactions in solution are also either in agreement with, or not 
opposed to, this theory ; the only really serious objection being, that 
the velocity of the reactions in which the alkyl halides take part have 
mostly pointed to these being bimolecular (Chiminello, Gazzetta, 1895, 
25, ii, 410 ; Bruyn and Steger, Rec. trav. chim., 1899,\18, 311 ; Burke 
and Donnan, Joc. cit. ; Slator, Trans., 1904, 85, 1286), whereas, since 
the reaction of, for example, silver nitrate and hydrogen iodide is an ionic 
reaction, the reaction actually measured should be RI —> R+HI, 
which would be unimolecular, but, as has been shown by Burke 
and Donnan, the experimental results do not necessarily justify the 
assumption that the action is chemically a bimolecular one. Moreover, 
Slator finds (/oc. cit.) that the action of ethylene chlorobromide and 
of ethylene chloroiodide on sodium thiosulphate is unimolecular, and 
a relatively slow dissociation might explain this at least as well as the 
assumption he makes of a slow tautomeric change of “a-” C,H,ClBr 
into “B-” C,H,ClBr. On the other hand, the rate and extent of 
dissociation would naturally depend both on the medium in which the 
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reaction takes place and on the other reacting substance. It is thus 
quite in accordance with the theory, or at all events not against it, that 
the velocity of reaction of the alkyl iodides have been found to vary 
greatly in the experiments of different observers, who have each studied 
the influence of totally unlike substances on them. If the changes 
through which the other reacting substance passes during the reaction, 
take place at measurable and comparative rates, the resulting constant 
could not be expected to correspond with a unimolecular reaction. 
The dynamic results do not therefore necessarily disprove the theory, 
whereas it would be very difficult to explain the results obtained at 
higher temperatures in any other way. Moreover, by accepting the 
theory of dissociation in its entirety as applied to all chemical reactions, 
we have a more rational explanation for such processes as catalysis, 
many donble decompositions, and substitution. 


In conclusion, I wish to thank Prof. Collie for the help he has given 
me during the progress of this work. 


UNIVERSITY CoLLEGE, Lonpon, W.C. 


XV.—Derivatives of S-Phenylphenazothionum, Part I. 


By Samus. Sates and THomas Percy Hitpircu. 


BerntuseEn (Annalen, 1885, 230, 116) has shown that thiodiphenyl- 
amine when treated with concentrated nitric acid is converted toa 
mixture of two isomeric nitro-compounds of formula: C,,H,O,N,S. 
The less soluble of these was called the a-, and the more soluble the 
B-, derivative. The a-dinitro-compound was shown to contain the 
nitro-groups in the 3 : 3’-positions by its relationship to the diamino- 
compound, namely, thionine, which was obtained synthetically in 
another manner. Bernthsen further showed from a quantitative study 
of the reduction of the substance that it is probably a sulphoxide, and 
this view was supported by the consideration that the action of nitric 
acid on aromatic sulphides in nearly every case furnishes compounds 
of that nature, 

We are now able to advance additional and perhaps more con- 
clusive evidence that these compounds are sulphoxides, It will be 
shown in the experimental part of the paper, and elsewhere, that either 
the a- or B-derivatives may be condensed with the simple phenols, 
phenolic ethers, and aromatic amines, yielding salts of bases, and it hag 
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been found (Trans., 1906, 89, 696; 1907, 91, 519, 1118) that this 
reaction is characteristic of the thionyl group. 

The products which these dinitrosulphoxides give by condensation 
with aromatic compounds are of interest, not only on account of their 
tinctorial properties, but also because they form the first representatives 
of the S-phenylphenazothionium group (I). We have therefore 
examined these substances more closely ; the present paper deals with 
the product of condensation of the a-dinitrosulphoxide (II) with 


phenetole : 
NH 


NH 
fy A\A\/\ 
Won AA 20% won A A Os 
8 SO 
AN 
Ac OH; 
(I.) (II.) 

If phenetole is added to the solution of this sulphoxide in con- 
centrated sulphuric acid, a green sulphate of a base is formed, and the 
structure of this product might be represented by either of the following 
formule : 


NH 
~Y) 
” ENS °2 


ak o.H,-0-0,H, 
(III. ) 

The first of these (III) represents the simple sulphonium salt, which 
would be directly formed by the change of the thionyl to the 
sulphonium group ; the second (IV) contains the quinonoid sulphonium 
structure, and this might be formed from the first by rearrangement of 
the acid group whereby the basic function of the molecule would be 
transferred to nitrogen. The substance is coloured, and the second 
alternative contains the quinonoid structure, but, in spite of this, we 
prefer the first, since all the evidence which can be collected shows 
that nitrogen in this dinitro-derivative would not be of a basic 
character. Thus di-p-nitrodiphenylamine and di-p-nitrodiphenylamine 
sulphoxide do not exhibit basic properties, but are of acidic nature, 
forming red salts with alkali hydroxide. Even thiodiphenylamine 
itself is an extremely weak base, and the hydrochloride, which can 
only be obtained by the action of dry hydrogen chloride on the 
ethereal solution, decomposes rapidly on exposure to the air (Unger 


—- @® 


-- 


oO 8 2 O —_ @ 
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and Hoffmann, Ber., 1895, 29, 1365). Further, it may be remarked 
that the phenetylsulphoxide of di-p-nitrodiphenylamine, which is 
described below, is devoid of basic properties. 

When the above-mentioned green salt is treated with aqueous 
alkali hydroxide, a dark reddish-brown substance of basic character is 
formed by removal of the elements of the mineral acid from the salt. 
Now, when di-p-nitrodiphenylamine or its sulphoxide is treated with 
alkali hydroxide, red salts are formed (StUrmer and Hoffmann, Ber., 
1898, 31, 2035; Bernthsen, Annalen, 1885, 230, 116, 133), and these 
undoubtedly have the quinonoid structure, 

NO,'C,H,’N:C,H,:NO,Na, 
analogous to that of the salts of the nitrophenols. It may therefore 
be supposed that the green salts in question react with alkali, forming 
first the quinonoid salt (V): 
N N 
( yy ‘ / vy. S 
i di i le 
S \Y & 
r% he | 
Ac O,H,°0°C,H, O O,H,°0°C,H, 
(V.) (VI.) 
which then, losing the elements of the alkali salt, changes into the 
nitrothetine (VI). The latter stage in this reaction is analogous to 
that already observed in the preparation of a carboxythetine. Delisle 
(Ber., 1892, 25, 2451) found that the sodium salts of chloroacetic 
and thiodiglycollic acids interact in warm aqueous, solution, giving 
the sodium salt of dicarboxymethylthetine, 


(CO,Na-CH,),8<O2>00. 


Here it is evident that the sodium salts first unite to form the tri- 
sodium salt of the chloride, which then, losing sodium chloride, passes 
into the thetine. 


(CO,Na-CH,),{8C1 = NaCl + (CO,Na-CH,),8<0M2>0. 


Between the above nitrothetine formula for the base and 
the alternative sulphonium quinone (VII) there appears to us 
to be little choice; indeed, it is possible that in solution the 

“— 
66 
MADD: 
S-C,H,°0-C,H, 
(VII.) 
substance is an isodynamic mixture of the two forms. The green salts 
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are also attacked by a large excess of boiling water, undergoing 
hydrolysis to a bright, crimson base. The product, which is formed 
from the salt by exchange of the acid group for hydroxyl, contains one 
molecule of water more than the above anhydride (VI or VII). 
Solutions of this base are deep red or orange, and exhibit a strong 
fluorescence. The base obtained by hydrolysis from the sulphate of 
the V-methyl derivative (VIII) must have the constitution (IX) : 


N-CH, N-CH, 
A\A7\“\ A\A\“N 


ee om | 
ahs” tle ali lb il 


f* /\ 
Ac O,H,°0°C,H, OH O,H,°0°C,H, 
(VIIL.) (IX.) 

It has physical properties entirely different from those of the 
crimson substance mentioned above, being of a dull olive-brown 
colour and not fluorescent. The base obtained from the unsubstituted 
salt therefore is almost certainly of different structure, and this may 
be represented as : 


N 


N 
XY) LY) 
iia a ll or vy +H,0 
NON 


f'% : 
oH 0,H,-0-0,H, § U,H,-0-0,H, 
(X.) 


As with other thetines and betaines, it is difficult to determine the 
nature of this supplementary molecule of water, but it may be remarked 
that in this case a temperature of 150—180° is required to remove it, 
and then further decomposition occurs on prolonged heating. 

On resuming, it is seen that the green salts (III) are converted by 
hydrolysis to the red base (X), and by the action of alkali hydroxide 
to the anhydride (VI), the colour change in either case being ac- 
companied by the formation of the quinonoid structure. 

A synthesis of these substances has been attempted in the following 
manner, It has been previously shown (Smiles and Le Rossignol, 
Trans., 1906, 89, 697) that sulphinic acids may be transformed by 
condensation with certain aromatic substances to aromatic sulphonium 
bases : 

R:SO-0H + 20,H,f’ = (C,H,R’),R?S8:OH + H,0. 

We therefore hoped that di-p-nitrodiphenylamine and phenetole-p- 

sulphinic acid would yield (XI) the salts mentioned above : 
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NH 
~O 
ta it 
SO 


(,H,-0-C,H 
(XII.) 

Employing the usual condensing reagent, namely, sulphuric 
acid, it was found that these substances do not interact, but 
when heated with phosphoryl chloride they yield an olive-green 
sulphoxide (XII), which forms the intermediate stage in the expected 
reaction. Efforts to complete the reaction have been unsuccessful, but 
this is not surprising, for, as will be shown later in other experiments, 
the formation of sulphonium bases is hindered by ortho-substitution, 
and, further, there is no doubt that the nitro-groups exert a disturbing 
influence on the course of the reaction. 

The position of the ethoxy] in the S-phenyl group of the salts and 
bases: dealt with cannot at present be determined, but, judging from 
former experience, it almost certainly occupies either the ortho- or 
para-position with respect to the quadrivalent sulphur atom. 

The ease with which the salts of S-phenetylphenazothionium are 
hydrolysed shows the base to be of weak character, and this is in 
striking contrast to the aromatic sulphonium bases which were 
formerly examined (Smiles and Le Kossignol, Joc. cit.). From 
Kehrmann’s experiments on the basicity of derivatives of phenazo- 
thionium (Ber., 1906, 39, 914), it seems certain that the nitro-groups 
in the above substances would weaken the basicity of the sulphonium 
group ; we hope from the study of other derivatives to ascertain the 
nature of the parent substance, namely, S-phenylphenazothionium. 

Since it seems to be a general rule that the introduction of nitro- 
groups into a fluorescent molecule leads to weakly or non-fluorescent 
derivatives (Kauffmann, “ Die Beziehungen zwischen Fluoreszenz und 
Chemischer Konstitution,” 1906, p. 80), it is worth noticing that the 
nitro-compounds at present dealt with exhibit this property in a 
marked degree. In this respect, they are exceptional. 


5 


EXPERIMENTAL. 


Derivatives of 8-Phenetyl-3 : 3’-dinitrophenazothionium.—The requisite 
a-dinitrodiphenylamine sulphoxide was obtained by the process 
recommended by Bernthsen (Joc. cit.), in which thiodiphenylamine is 
treated with excess of nitric acid (sp. gr. 1:4). The a-dinitro- 
sulphoxide is precipitated during the reaction, whilst the B-derivative 
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remains for the greater part dissolved in the mother liquor, from 
which it may be obtained by precipitation with water. The a-deriv- 
ative was employed in the following experiments. 

S-Phenetyl-3 : 3'-dinitrophenazothionium Sulphate.—Five grams of di- 
p-nitrodiphenylamine sulphoxide were dissolved in excess of con- 
centrated sulphuric acid ; phenetole was then gradually added to the 
deep yellowish-brown solution, which was kept thoroughly cooled 
during the reaction. It was found necessary to add a large excess of 
phenetole, since the greater portion was sulphonated before condensa- 
tion could take place. The course of the reaction was followed by with- 
drawing a drop from the mixture after each addition of phenetole and 
adding it to a few c.c. of cold water; when the condensation was 
complete, the precipitate was bright bluish-green, and, on the other 
hand, if much sulphoxide remained condensed the colour was dull 
brown, 

When the reaction was over, the strongly acid solution, now olive- 
green in colour, was poured into a large bulk of cold water, and the 
mixture set aside at the atmospheric temperature for a few hours. 
The bluish-green precipitate of the sulphate was then collected by the 
aid of the pump, and thoroughly washed with cold water ; the yield 
was almost theoretical. After being dried ona porous tile in a vacuum, 
the sulphate appeared as a bright green powder, which, on further 
drying at 100°, apparently lost water and was converted into a dark 
blue substance with metallic lustre. It was slightly soluble in cold 
water, fairly readily so in alcohol, and, as previously mentioned, was 
hydrolysed by a large excess of hot water. 

Anhydro-S - phenetyl-3 : 3' - dinitrophenazothionium.—This anhydrous 
base was obtained from the above sulphate by the action of aqueous 
alkali hydroxide. The salt was thoroughly triturated with a 5 per 
cent. aqueous solution of sodium hydroxide at about 25°; the solid 
base was then filtered from the deep red solution, and washed with 
cold water until the filtrates were almost colourless and quite neutral 
towards litmus. After being dried in the steam-oven, the brown solid 
was purified by precipitation with dry ether from chloroform solution. 
In this way, the anhydro-base was obtained as a brown, crystalline 
powder with a green metallic lustre; it melted at 221—222°, and 
was readily soluble in chloroform or alcohol, but very sparingly so in 
ether or hot water. The fluorescent light emitted by the brown 
chloroform solution is dull crimson in colour, whilst that of the 
ethereal solution is bright greenish-yellow ; the aqueous solution is 
purplish-red, but not fluorescent. For analysis, the substance was 
dried at 100°: 

01385 gave 02976 CO, and 0°0515 H,O. C=5860; H=3°83. 

0:1697 ,, 0°3631 CO, ,, 0°0616 H,O. C=58:37; H=4-03. 
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0:1496 gave 12°7 c.c. of nitrogen at 20° and 761 mm. N=9-94. 

0:2093 ,, 01212 BaSO,. S=7'82. 

C,,H,,0,N;5 requires C=5868; H=367; N=10:27; S=7: 
per cent. 

S-Phenetyl-3 : 3'-dinitrophenazothionium chloride was prepared by 
dissolving the anhydro-base in concentrated hydrochloric acid and 
precipitating the solution with water. On allowing the salt to separate 
slowly, it was obtained as a yellowish-green, crystalline powder, which, 
after repeated precipitation, melted at 202—204°. <A dried sample 
was analysed : 

0'1101 gave 0°2168 CO, and 0°0372 H,O. C=53:64; H=3-76. 

02065 ,, 01028 BaSO, S=6-84. 

01977 ,, 00619 AgCl Cl=7-74. 

C,,H,,O;N,CIS requires C=53°89; H=3:59; S=7:18; Cl=7:97 
per cent. 


This chloride is soluble in alcohol, giving a blue solution with a 
crimson fluorescence, which is doubtless due to a small quantity of the 
anhydro-base, since it vanishes on the addition of hydrochloric acid, 
the solution then becomes a clear greenish-blue. The action of water 
on the salt is described later. The compound possesses tinctorial 
properties ; silk is dyed a pale green tint, which in presence of alkalis 


becomes reddish-brown. 

The platinichloride was precipitated as a dark green powder by 
mixing an alcoholic solution of the chloride with platinic chloride ; it 
is insoluble in water, but slightly soluble in concentrated hydrochloric 
acid. After being dried in the steam-oven : 


0°1860 gave 0°0290 Pt. Pt=15°59. 

(C,)H,,0;N,8),PtCl, requires Pt = 15°88 per cent. 

The picrate was obtained by adding an aqueous solution of picric 
acid to an alcoholic solution of the base. It formed a green powder, 
which melted at 216—218°, and was insoluble in cold water : 

0°1089 gave 0°1982 CO, and 00299 H,O. C=49°63; H=3-05. 

C,)H,,0;N,8,C,H,O,N, requires C= 48°90 ; H = 2°82 per cent. 

The dichromate was prepared by mixing solutions of the chloride or 
sulphate with aqueous potassium dichromate. It is an olive-green 
powder of high melting point : 

0°1123 gave 0°0167 Cr,0O,. Cr=10-00. 

C, H;,0,,N,S.Cr, requires Cr= 10°04 per cent. 

S-Phenetyl-3 : 3'-dinitrophenazothionium Hydroxide.—When aqueous 
solutions of the sulphate are boiled, the blue colour changes to red and 
a crimson precipitate separates. The latter is the thionium hydroxide, 
which is formed together with mineral acid by hydrolysis of the salt ; 
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but the reaction, being reversible in presence of acid, is not complete, 
and a state of equilibrium is attained which can only be disturbed by 
the addition of alkali or by diluting the solution. To prepare this 
hydroxide in larger quantity, a concentrated solution of the salt in 
hot alcohol was poured into a large bulk of water. After the mixture 
had remained some hours at the ordinary temperature, the crimson 
precipitate was collected by the aid of the pump, then dried in the 
steam-oven, and analysed : 

A sample prepared from the sulphate gave the following results on 
analysis : 


0°1472 gave 0°3041 CO, and 0°0487 H,O. C=56-41; H=3-71. 
A specimen made from the chloride was also analysed : 


01245 gave 0°2549 CO, and 0:0428 H,O. C=55'84; H=3°82. 
C,,H,,0,N,S requires C=56'21; H=3:98 per cent. 

The substance is soluble in chloroform or ether with the same 
fluorescence as that observed in corresponding solutions of the anhydro- 
base. By spontaneous evaporation, it is deposited from the former 
solvent in red, feathery needles, which, on heating, darken and contract 
at 150—180°, and finally melt rather indistinctly at about 220°. 
When the crystals are powdered, they assume a metallic lustre. The 
substance does not lose water at 100°, but on heating a sample to 150° 
for some hours it was found that : 


0-3188 lost 0°015 H,O. H,O=4:70. 
C,)H,;0;N,8,H,O requires H,O = 4:22 per cent. 


Analysis of the residue showed that some decomposition had taken 
place at the same time. 

S-Phenetyl-N-methyl-3 : 3'-dinitrophenazothionium.—N-methylthiodi- 
phenylamine, prepared by methylation of thiodiphenylamine with 
methyl iodide under pressure (Bernthsen, Annalen, 1885, 230, 88), 
was converted into the dinitrosulphoxide by the process described by 
Bernthsen. The latter substance was then treated with phenetole and 
concentrated sulphuric acid in the manner which has been previously 
described in the case of the homologous sulphoxide. On pouring the 
green solution into water, the crude sulphate was precipitated as a 
sticky, green mass, which rapidly set to a brittle solid. This was 
separated from the mother liquor, and then triturated with excess of a 
5 per cent. aqueous solution of sodium hydroxide. The resulting base 
was collected by the aid of the pump, washed, dried in the steam-oven, 
and finally purified by dissolving in chloroform and precipitating the 
solution with dry ether. S-Phenetyl-N-methyl-3 : 3'-dinitrophenazo- 
thionium hydroxide was thus obtained as an olive-brown powder, which 
melted at about 200°, and was insoluble in ether, but soluble in chloro- 
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form or alcohol without fluorescence. The hot dilute aqueous solution 
is brown : 

0'1386 gave 0°2919 CO, and 0°0531 H,O. C=57:44; H=4°26. 

©,,H,,0,N,8 requires C=57:14; H= 4°31 per cent. 

The chloride was obtained by mixing the base with excess of hydro- 
chlorie acid; it was purified from aqueous alcohol containing a little 
free hydrochloric acid to prevent dissociation. The substance formed 
a dark green powder, which was soluble in alcohol, and sparingly so in 
hot water : 

0°1269 gave 0:2530 CO, and 0:0492 H,O. C=54:80; H=4°31. 

C,,H,,0;N,CIS requires C= 54°84 ; H =3°92 per cent. 

The platinichloride forms a green powder, which is insoluble in 
water or alcohol : ' 

0°1427 gave 0:°0224 Pt. Pt=15-69. 

01647 ,, 0°2393 CO, and 0:0467 H,O. C=59'63; H=3'16. 
(C,,H,,0;N,8),PtCl, requires Pt = 15°53; C = 40°13; H = 2°87 per cent, 


Condensation of Di-p-nitrodiphenylamine and Phenetyl-p-sulphinic Acid, 


The amine was prepared by the process recommended by Goldberg 
(Ber., 1907, 40, 4525) for obtaining derivatives of diphenylamine, 


A mixture of 14 grams of p-bromonitrobenzene, 10 grams of p-nitro- 
aniline, 5 grams of potassium carbonate, 0°2 gram of copper iodide, 
and 75 grams of nitrobenzene was heated for twenty hours in a flask 
provided with a reflux condenser. The dark brown product was 
distilled in a current of steam to remove nitrobenzene and unchanged 
bromonitrobenzene; the residue, which solidified on cooling, was 
collected and repeatedly extracted with concentrated hydrochloric 
acid. The insoluble, crystalline mass of crude di-p-nitrodiphenylamine 
weighed 10 grams. 

Equal weights of phenetole-p-sulphinic acid and di-p-nitrodiphenyl- 
amine were dissolved in excess of phosphory! chloride, and the brown 
solution was gradually heated on a sand-bath ir a flask provided with 
a reflux apparatus. The reaction commenced suddenly, the liquid 
frothing up and becoming bright green ; the mixture was boiled for 
ten minutes longer, and then poured on to ,ounded ice to decompose 
the excess of oxychloride. An olive-green solid separated, which was 
collected, triturated with aqueous alkali hydroxide, thoroughly washed 
with water,and dried. The substance was purified by precipitation 
with dry ether from chloroform solution. In this way, di-p-nitro- 
diphenylamine 2-p-phenetylsulphoxide was obtained as a deep olive-green, 
crystalline powder, which melted at 170°. It was sparingly soluble in 
ether and readily so in chloroform or alcohol, giving brown or 
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brownish-green solutions. The colour of the alcoholic solution changed 
to crimson when aqueous sodium hydroxide was added : 
0°1002 gave 0:2067 CO, and 0°0384 H,O. C=56:27; H=4:25. 
01013 ,, 0:2092 CO, ,, 0°0352 H,O. C=56°32; H=3-98. 
01458 ,, 0°0844 BaSO,. S=7°95. 
C.H,,0,N,8 requires C= 56°21 ; H=3-98 ; S=7-49 per cent. 
Derivatives of these substances and other condensation products of 
the a- and B-sulphoxides are being at present studied, and we hope to 
publish the results at an early date. 
THE ORGANIC CHEMISTRY LABORATORY, 


UNIVERSITY COLLEGE, 
LonpDoN. 


XVI.—The Velocity of Reduction of the Oxides of Lead, 
Cadmium, and Bismuth by Carbon Monoxide, and 


the Existence of the Suboudes of these Metals. 


By Francis JosePH Brist£E, D.Sc. 


Tue following research was undertaken with the view of determining 
the conditions under which suboxides are produced by the reduction 
of higher oxides, by means of carbon monoxide, the velocity of the 
reduction, and the equilibria existing between the various ote, 
carbon monoxide, and carbon dioxide. 

Most suboxides, when treated with ordinary chemical reagents, such 
as acids or alkalis, behave as though they were a mixture of metal and 
oxide. Jad suboxide, for example, when acted on by an acid, 
behaves as if it were a mixture of lead and lead oxide. Moist lead 
suboxide is oxidised to lead hydroxide by the action of air, whereas a 
mixture of lead and lead oxide remains unchanged under the same 
conditions. This was first observed by Pelouze and confirmed by later 
observations. 

The conditions for instability and stability of the intermediate sub- 
oxides are as follows. If the free energy of the lead suboxide is 
greater than the sum of the free energy of the lead and the free 
energy of the lead oxide, then the lead suboxide will tend to 
decompose into lead and lead oxide. The lead suboxide would, under 
these conditions, be an unstable compound, and only capable of exist- 
ence in a metastable state. On the other hand, if the free energy of 
the lead suboxide is less than the sum of the free energy of the lead 
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and the free energy of the lead oxide, then the suboxide is a stable 
compound, These conditions may be reversed by a change of temper- 
ature, such a “condensed” reaction as the above possessing usually a 
definite transition-point at a definite temperature. 

That the so-called suboxide is not a mixture of lead and lead oxide 
was proved by Tanatar (Zeitsch. anorg. Chem., 1901, 27, 304), who 
determined the heat of solution of the suboxide in acetic acid. He 
showed that when a mixture of lead and lead oxide is treated with 
dilute acetic acid, the heat of the reaction is greater than when the 
suboxide of lead is subjected to the same treatment. From these 
experiments, Tanatar found that the decomposition of lead suboxide 
into lead and lead oxide is attended with an absorption of 5°452 Cal. 
He further showed that the density of the suboxide at 18° is between 
8:347 and 8-342, whilst the density of a mixture of lead and lead 
oxide in the corresponding proportion is 9°973 to 9°979. That the 
greenish-grey product, obtained by igniting lead oxalate to a higher 
temperature than that at which the suboxide is formed, is different 
from the suboxide, although analytically identical, was shown by 
determining the heat of solution in W/2 acetic acid, which was found 
to be 15:500 Cal., that is, as much as for 1 gram-molecule of lead 
oxide. Moreover, the density of this product was found to be 9:973 
to 9°979, or the same as that of a mixture of lead and lead oxide. 


If it be assumed that in a condensed system the total energy change 
represents very nearly the change of free energy, then it follows that 
the lead suboxide would be stable with respect to lead and lead 
oxide. 


Preliminary experiments were made on the production of lead sub- 
oxide by reducing lead oxide with carbon monoxide at 300°. Carbon 
monoxide was circulated by means of an apparatus similar to that 
introduced by Collie (Trans,, 1889, 55, 133), modified by Bone and 
Wheeler (Trans., 1903, 81, 535), and used by them for reaction- 
velocity experiments, over a known weight of pure lead oxide contained 
in a porcelain boat. The circulation was continued for twenty-four 
hours, and the temperature was maintained constant at 300°. After 
cooling, the boat was again weighed ; the loss amounted to 3:40 per 
cent. The product was a velvety, greyish-black powder, which, on 
treatment with dilute nitric or acetic acid, left a residue of spongy 
lead. The residue of lead was weighed after digesting the product 
with dilute acetic acid, and it constituted 48°54 per cent. of the whole. 
When the substance was moistened with water and exposed to air, it 
was speedily oxidised to lead hydroxide. The reduction was repeated, 
using a rather larger quantity of lead oxide, and again the product 
was identical in its behaviour with that obtained by Tanatar. On 
still further reduction, the suboxide was gradually reduced to metallic 
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lead. The products of these subsequent reductions were carefully 
tested for carbonate, but in every case this was found to be absent, 
This non-formation of carbonate is due to the fact that the partial 
pressure of the carbon dioxide was always below the dissociation- 
pressure of lead carbonate. Colson (Compt. rend., 1905, 140, 865) 
found that at 280° the dissociation-pressure of lead carbonate is 
548 mm., whilst under the conditions of the experiments the partial 
pressure of the carbon dioxide never exceeded 200 mm. 

Further, at the temperature employed, namely, 300°, neither the 
lead suboxide nor the metallic lead were capable of reacting with 
the carbon dioxide formed, and experiments made with a view to 
determining the equilibrium : 

Pb,O + CO, = 2Pb0+C0 or 
2Pb+CO, = Pb,0+CO 
gave negative results. 

Discontinuities in the Rate of Reduction.—Glaser (Zeitsch. anorg. 
Chem., 1903, 36, 1) has shown that by the reduction of lead oxide 
with hydrogen at 211° and 235°, lead suboxide can be obtained, and 
points out that the reaction : 

Pb,0 + H, = 2Pb+H,0 
proceeds much more slowly than the reaction : 
2PbO + H, = Pb,O + H,0. 


The time-reduction curves of lead oxides should show breaks at, 
or near, the points at which the reduction of one oxide is complete 
and the reduction of the other commences. For example, if the 
reduction : 


2Pb,0 + CO =Pb,0 + C0, 


proceeds at a much faster rate than the reduction : 


Pb,0 + CO =2Pb +00,, 


then the time-reduction curve should show a break at the point 
where the lead oxide is completely reduced to lead suboxide. On the 
other hand, in measuring the rate of reaction in such a system, the 
rate measured may be the sum of two or more simultaneous reductions ; 
for example, if at first lead oxide is reduced to lead suboxide and a 
small proportion of the suboxide is also reduced to lead at thé same 
time, but with a different velocity, then the break in the time- 
reduction curve will occur at the commencement of the second phase 
of the reaction : 
, Pb,O —> Pb, 

and hence will not exactly coincide with the point at which the 
higher oxide is completely reduced to the intermediate suboxide. 

In the following experiments, the point at which the break in the 
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time-reduction curve occurs is very near the point at which the 
reduction of the higher oxide ends and that of the lower oxide 
begins. 


EXPERIMENTAL, 


The apparatus employed in determining the velocity of reduction is 
shown in Fig. 1. The tubes A and B are about 70 em. long and 2 cm. 
internal diameter. These tubes were enclosed in a double-jacketed 
tube furnace, the position of which is denoted by the lines X and ZL, 
The furnace was protected from draughts by sheets of asbestos board, 
and the gas pressure kept constant by a Stott regulator. Under these 
conditions, the temperature was maintained at 300°, with a maximum 
variation of +2°. The temperature was measured by a thermometer 


filled with nitrogen, so placed that its bulb was just between the tubes 
A and 8B, in the neighbourhood of the position of the boat. The 
thermometer was compared from time to time with an accurate thermo- 
electric pyrometer. The tubes A and B were connected with the 
circulator D, which was similar to that introduced by Collie (Joc. cit.). 
The tube connecting B with the circulator carried a tap, C, used for 
exhausting the apparatus and also for introducing the gas, and a 
three-way tap connected with a manometer. The tube connecting A 
with the circulator carried a gas sampler, G, and the bulbs, Z, contained 
a small quantity of mercury by means of which the speed of 
circulation of the gases could be judged. The whole of the apparatus 
was joined together by glass connexions, except A, which was fitted 
with a rubber stopper, and there was a joint of stout rubber tube at 
M, wired on, to allow of ready insertion and withdrawal of the boat. 
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The experiments for determining the rate of reduction of the oxides of 
lead, cadmium, and bismuth were made in the following way. From 
2 to 3 grams of the oxide were placed into the porcelain boat in the 
tube A. The rubber stopper was then replaced and the joint UM wired, 
and the whole apparatus exhausted as completely as possible by a 
water-pump connected to (. Pure carbon monoxide, prepared from 
formic acid and concentrated sulphuric acid, was then introduced 
through C, and allowed to escape at the bottom of the manometer and 
at the tap at the bottom of the circulator. By turning the three-way 
tap, J, into the positions indicated in the diagram by the figures 1, 2, 
and 3, it was possible to allow the gas to stream through the 
apparatus in three different directions. In order to ensure complete 
filling of the apparatus with carbon monoxide, a small quantity of gas 
was allowed to collect in G and was subsequently analysed. When 
the apparatus was filled with the gas, the tap, C, was closed, F was 
turned into the position indicated by (1), and the furnace heated to 
300° as rapidly as possible. At this point, the circulator was set in 
action and the gas circulated for a given time, varying from 1} 
to 6 hours, the longer time being used in some of the preliminary 
experiments, and the shorter when the reduction of the higher to 
the lower oxide was almost complete. The rate of circulation 
was kept as constant as possible, and was so regulated that about 
fifteen bubbles of gas passed through # per minute. At the end of 
the time, the apparatus was allowed to cool, and a portion of the 
gaseous contents was collected in G for analysis, in order to ensure 
excess of carbon monoxide ; in no case was more than one-sixth of the 
carbon monoxide converted into carbon dioxide. When the apparatus 
had cooled, the boat was removed and weighed. The purest oxides 
obtainable were used for the experiments, their purity being checked 
by analysis. 
Reduction of Lead Oxide. 


A preliminary experiment was made with the view of determining 
whether any break occurred in the time-reduction curve at the point 
at which the composition of the reduction product corresponded to 
lead suboxide. The reduction was conducted by reducing for six 
hours at a time, and then weighing the product until the oxide was 
completely reduced to lead. The quantity of lead oxide used was 
2-002 grams, and the gas circulated at the rate of about ten bubbles 
passing through Z per minute. The following results were obtained. 
(These results form a preliminary series only) : 


TABLE I, 


Time in hours... 0 6 12 18 24 30 36 42 48 
Weight in grams 2°002 1°990 1°945 1°916 1°897 1°872 1°870 1°867 1°861 
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hese results are shown in Fig. 2. The break in the curve occurs 
considerably below the point where the composition of the mixture 
corresponds to lead suboxide, This may be accounted for by the time 
elapsing between the several reductions being too long to show the 


Fic, 2. 
Reduction PhO > Pb,O > Pb. 


= 
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formation of the suboxide as an intermediate phase in the reduction. 
The above experiment was repeated, the rate of circulation of the gas 
being increased to about twenty bubbles per minute, and the time of 
each reduction being reduced to three hours at the commencement 
and towards the end of reduction. When the reduction of the oxide 


Fig. 3. 


al 
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to suboxide was almost complete, a shorter period of reduction was 
then used, namely, 1} hours, The results are given below : 


Tasie IT. 


Time in hours... 0 3 6 74 9 12 18 21 30 
Weight in grams 2°000 1°957 1°936 1°919 1°917 1°913 1°901 1°896 1°861 

Fig. & shows these results plotted as a time-reduction curve. 
The break occurs very close to the point at which the composition 
corresponds to that of lead suboxide. Additional measurements of 
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the rate of reduction of lead oxide were made, and in every case a 
break occurred in the neighbourhood of the point corresponding to 
reduction to lead suboxide. It is probable that surface changes may 
account for the differences in the form of the curves actually obtained, 
but the curves all indicate a difference in velocity of the two phases of 
the reaction, namely : 

(1) PbO —> Pb,O 

(2) Pb,O —> Pb. 

In subsequent experiments, the oxides used were all finely divided, 
sifted through muslin, and spread in the boat so as to form an even 
layer 3—4 mm. deep. The rates of reduction were all measured 
under comparable conditions as regards surface of oxide exposed, 
temperature, and rate of circulation of the gas. 


Reduction of Triplumbic Tetroxide. 


The rate of reduction of triplumbic tetroxide was next investigated. 
The time-reduction curve should show a break at, or near, the point 


Fie. 4, 
Wt. Reduction of Pb,O,. 


Time in hours, 


corresponding to complete reduction to lead oxide if the rate of 
reduction of triplumbic tetroxide to lead oxide is considerably faster 
than the rate at which lead oxide is reduced to lead suboxide. A 
preliminary experiment was made, using 3 grams of pure triplumbic 
tetroxide. The results of this experiment are shown in Fig. 4, the 
break occurring almost exactly at the point where the composition of 
the mixture corresponds to lead oxide. When the oxide was removed 
from the tube for the purpose of weighing, at this point, it had the 
characteristic yellow colour of litharge. 

In order more accurately to determine the first stages of the 
reaction, a much larger quantity of triplumbic tetroxide was 
employed, and hence a greater number of points in the portion of the 
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curve denoting the reduction to lead oxide were obtained. The 
change in weight with the time of reduction is given below ; 


Taste III. 


Time in hours 0 3 6 9 12 15 20 25 
Weight in grams... 10°000 9°937 9°867 9°788 9°725 9°662 9°620 9°610 


When these results were plotted as a time-reduction curve, it was 
seen that the break occurred considerably below the point correspond- 
ing to complete reduction to lead oxide. This is due to the fact that 
the second phase of the reaction had already set in, namely, that lead 
oxide was being reduced to lead suboxides at the same time as the 
triplumbic tetroxide was being reduced to lead oxide. These results 
point to the conclusion that the rate at which triplumbic tetroxide 
is reduced to lead oxide is different from the velocity with which lead 
oxide is reduced to lead suboxide. Glaser (/oc. cit.) points out that 
when lead oxide is reduced by hydrogen, the reduction to lead sub- 
oxide is faster than the reduction of the latter to metallic lead, and 
hence it might be expected that the triplumbic tetroxide would be re- 
reduced faster than lead oxide under similar conditions, but the 
difference would not be so marked as that between lead oxide and 
suboxide. 


Oxidation of Lead. 


Berzelius stated that lead suboxide is formed when lead is oxidised 
at a temperature below its melting point. An attempt was made to 
determine the rate of oxidation of lead, it being thought possible that 
the time-oxidation curve would show a break at the point where the 
lead is completely oxidised to lead suboxide and the latter begins to 
be oxidised to lead oxide. 

For this purpose, 1°7395 grams of lead, in fine powder, prepared by 
reducing the oxide, were heated in a tube connected with a mercury 
manometer. The tube was filled with oxygen, and the progress of the 
reaction followed by observing the diminution of pressure. The 
mercury rose rapidly at first, and more slowly towards the end of the 
reaction, the pressure becoming constant in about 1} hours after the 
commencement of the oxidation. 

When the oxidation was complete, the boat containing the oxide 
was removed and weighed. It was found that 1°7395 grams of lead 
yielded 1°8650 grams of lead oxide, that is, 100 parts of lead yield 
10721 parts of lead oxide, theory requiring 107°6. When the results 
of the experiment were plotted on time-pressure co-ordinates, the 
curve was quite regular, hyperbolic in form, and showing no break. 
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The regularity of the curve leads to the conclusion that in an 
atmosphere of pure oxygen the velocity of the reaction : 
Pb,O+O —> 2Pb0 
is greater than, or at least equal to, the velocity of the reaction : 
2Pb+0 -+> Pb,O. 


Reduction of Cadmium Oxide. 


Tanatar showed (Zeitsch. anorg. Chem., 1901, 2'7, 432) that cadmium 
suboxide, Ca,O, is obtained by the cautious ignition of cadmium oxalate 
in a stream of carbon dioxide. Calorimetric measurements showed 
that this is not a mixture of cadmium oxide and cadmium, and 
Tanatar concluded that the heat of formation of carbon suboxide from 
the oxide and metal was about 7 Cal. By ignition of the basic oxalate 
of cadmium, Tanatar and Levin (J. Russ. Phys. Chem. Soc., 1902, 34, 
495) obtained the suboxide, Cd,O, and they confirmed the constitution 
of this compound by thermochemical measurements. 

The first product of the reduction of cadmium oxide would 
therefore be the suboxide, Cd,O, and again if the reaction : 

CdO —> Cd,0 
proceeds at a much greater velocity than the reaction : 

Cd,O -+> Cd, 
then a break should occur in the time-reduction curve of cadmium 
oxides at the point where the composition of the product corresponds 
to Cd,O. In an experiment,* 2:000 grams of pure cadmium oxide, 
prepared by igniting the hydroxide, were reduced at 300° for varying 
times and the loss in weight observed in Table IV shows the results 
obtained :! 


Tasie IV, 


Time in hours......... ne 3 7 11 134 18 21 
Weight in grams 2°000 1°964 1°921 1°866 1°858 1°854 1°841 
The curve in Fig. 5 shows a distinct break at the point correspond- 
ing to the change in velocity of reduction due to the completion of 
the reduction of cadmium oxide to the suboxide, Cd,O, the latter sub- 
sequently being reduced to cadmium, A second break occurs in the 
curve, which, however, is uncertain owing to the volatility of 
cadmium at this temperature (300°). At the conclusion of the last 
reduction, hexagonal crystals of cadmium were found on the tube con- 
taining the boat. 


* I wish to express my thanks to Professor Campbell Brown for his kindness in 
allowing me the use of his pure chemicals, 
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Reduction of Bismuth Oxide. 


Tanatar (Zeitsch. anorg. Chem., 1901, 27, 437) obtained bismuth 
suboxide, BiO, by heating the basic oxalate of bismuth, Bi,O,(C,0,), 
which decomposes completely into bismuth suboxide and carbon 
dioxide. This chemist proved the constitution of this compound, 


Fria. 5. 
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which had previously been described by Schneider (Ann. Phys. Chem., 
1853, [ii], 88, 55; J. pr. Chem., 1898, [ii], 58, 562), and its existence 


denied by Vanino and Treubert (Ber., 1898, 31, 1113; 1899, 31, 1072, 
1099), by showing that the heat of solution of bismuth suboxide in 
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hydrochloric acid was different from the heat of solution of a mixture 
of bismuth oxide and bismuth having the same composition. From 
these measurements, Tanatar concludes that the heat of formation of 
3 molecules of bismuth suboxide from 1 molecule each of bismuth 
oxide and bismuth is 11°814 Cal. The measurements of the rate of 
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reduction of bismuth oxide in carbon monoxide show a break in the 
time-reduction curve very close to the point of completion of the 


reaction : 
Bi,O, —> 2Bi0. 


The results are given in table V. 


TABLE V. 


Time in hours............ 0 3 44 6 9 12 15 
Weight in grams 3'000 2°934 2°920 2°890 ‘868 2°850 2°831 


The curve corresponding to these results is shown in Fig. 6. The 
break in the curve occurs very near the point at which the composition 
of the reduction-product corresponds to bismuth suboxide. 


Conclusions. 


The experiments made on the velocity of reduction of the oxides of 
lead, cadmium, and bismuth confirm Tanatar’s observations that the 
suboxides of these metals exist, but neither his researches nor the 
foregoing experiments show under what conditions these intermediate 
suboxides are constantly stable, When the oxides of lead, cadmium, 
and bismuth are reduced by carbon monoxide, the suboxides of these 
metals are formed as an intermediate phase in the reduction. The 
observation of Tanatar (Joc. cit.), that lead suboxide decomposes into a 
mixture of lead and lead oxide when exposed to a moderately high 
temperature, indicates either that the lead suboxide is an unstable 
compound tending to pass into two stable substances : 

Pb,O —> Pb+ PbO, 
and that with rise of temperature the velocity of this change is 
increased, or else that there is a definite transition-point existing at a 
particular temperature. These points are under investigation at 
present. 


In conclusion, I wish to express my best thanks to Professor 
Donnan for his kind interest and advice during the course of this 
research, 


MuspPrRAtTr LABORATORY OF PHYSICAL AND ELECTRO-CHEMISTRY, 
UNIVERSITY OF LIVERPOOL. 
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XVII.—The Formation and Reactions of Imino-Com- 
pounds. Part VI. The Formation of Derivatives 
of Hydrindene from o-Phenylenediacetonitrile. 


By Cartes Watson Moore and Jocetyn Fietp THorpE. 


In a former communication (Trans., 1906, 89, 1916) attention was 
drawn to the influence which different groups attached to the carbon 
atom adjacent to the carbimino-group in an imino-compound 
exercised on the stable form of this group, and it was mentioned that 
whereas ethyl 1 : 3-naphthylenediamine-2-carboxylate (I) evidently has 
the imino-structure, yet when the carbethoxyl group is replaced by 
carboxyl or by phenyl as in 1 : 3-naphthylenediamine-3-carboxylic 
acid (II) or 2-phenyl-1 : 3-naphthylenediamine (ITT) : 


CH, 

- \OSG:NE 4 OV 

VA SBcoukt CO,H <n . 
UNH 


(1) Pw PP 
the stable form of the compound evidently has the amino-structure. 

In the present communication, we deal with a series of imino- 
compounds in which this influence is very much more clearly defined 
and in which the nature of the groups attached to the carbon atom 
adjacent to the carbimino-group materially affects the structure of the 
compound. 

The first member of this series of imino-compounds is #-imino- 
a-cyanohydrindene (V), which we find can be prepared in“quantitative 
yields when o-phenylenediacetonitrile (IV) is warmed in alcoholic 
solution in the presence of a trace of sodium ethoxide : 


0 HoH ‘on — © Boron ° ame 
(Iv. y (V.) 

The proof of the constitution of this substance is derived from the 
nature of the products formed from it on hydrolysis. Thus with 
dilute hydrochloric acid it is hydrolysed at once, forming a-cyano- 
B-hydrindone (V1), from which, on treatment with caustic alkalis, 
o-phenylenediacetic acid (VII) can be readily obtained : 

CH,°00,H 
B<oH*on)> 0° —> %Hi\on:-c0,H 
(VI.) (VII.) 
Moreover, f-imino-a-cyanohydrindene can be hydrolysed to the 
VOL. XCIII. N 
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corresponding acid (VIII), which is readily transformed by a method 
described in the experimental portion into B-hydrindone (IX) : 


C HB .<Cittco,) ieee ‘NH —> O,H < 200 
(VIIL.) (IX.) 

There can be no doubt that the stable form of B-imino-a-cyano- 
hydrindene (V) has the imino-structure. It is a neutral substance 
which does not exhibit the slightest tendency to combine with acids ; 
moreover, it is readily hydrolysed by dilute mineral acids to the 
corresponding oxygen derivative (VI). Again, when treated with 
ethyl alcohol and sulphuric acid, it quickly undergoes alcoholysis 
and is transformed into a substance which is evidently, for reasons 
which will be given later, 3-cyano-2-ethoxyindene (X) : 


OH 
C,H <oceyre OEt C,H ‘SS 6(Go aye NH, 


(X.) (XI.) 

All these reactions are characteristic of the imino-group ; if, how- 
ever, the nitrile group in f-imino-a-cyanohydrindene is replaced by 
the carboxyl, carbethoxyl, or carboxyamino-groups, the structure of the 
molecule is at once changed, and there can be no doubt that these 
compounds are 2-aminoindene-3-carboxylic acid (XI), ethyl 2-amino- 


indene-3-carboxylate (XII), and 2-aminoindene-3-carboxyamide 
(XIII) respectively : 


C,H <Ood, Bye NH, O,H <0(co-NE,) NH yer NH, 
(XIL.) (XIII) 

The proof of this is as follows: 2-aminoindene-3-carboxylic acid 
readily forms a salt with concentrated hydrochloric acid which is 
stable in the presence of the strong mineral acid but is dissociated by 
water. When boiled with dilute hydrochloric acid, the carboxylic acid 
is not hydrolysed to the corresponding oxygen derivative, but remains 
unacted on until carbon dioxide is eliminated, when hydrolysis at once 
ensues and #-hydrindone is formed. When the acid is boiled for some 
time with ethyl alcohol and sulphuric acid, the nitrogen group is not 
eliminated, but etherification alone takes place and ethyl 2-amino- 
indene-3-carboxylate (XII) is produced. Prolonged boiling with the 
above reagents fails to produce any change in the nature of the 
product. When the acid is treated in concentrated hydrochloric acid 
with nitrous acid, the whole of the nitrogen corresponding with the 
amino-group is eliminated in the free condition ; owing, however, to the 
formation of ill-defined by-products, we were unable to isolate 
2-hydroxyindene-3-carboxylic acid by means of this reaction. Ethyl 
2-aminoindene-3-carboxylate (XII) also forms a well-defined salt with 
hydrochloric acid which is stable in the presence of strong hydro- 
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chloric acid but is dissociated by water. When boiled with dilute 
hydrochloric acid it is hydrolysed to the corresponding acid (XI), but 
the nitrogen group is not eliminated. When a solution of the ethyl 
salt in concentrated hydrochloric acid is treated with nitrous acid, the 
whole of the nitrogen corresponding with the amino-group is evolved 
in the elemental form, although in this case also the production of 
complex by-products rendered it impossible for us to isolate ethyl 
2-hydroxyindene-3-carboxylate. It is probable that in both these 
reactions with nitrous acid the hydrogen atoms attached to the 
a-carbon atom also take part and lead to the formation of compounds 
of higher molecular complexity ; unfortunately, it is impossible to avoid 
the use of excess of nitrous acid, since the whole of the aminic 
nitrogen is not evolved when the theoretical quantity is used. 

All the above reactions clearly indicate, therefore, that ethyl 2-amino- 
indene-3-carboxylate and 2-aminoindene-3-carboxylic acid possess an 
entirely different structure from 8-imino-a-cyanohydrindene, and that 
in the first cases the aminic structure is stable and in the other the 
iminic. The same difference is also shown by 2-aminoindene- 
3-carboxyamide (XIII), which forms a salt with hydrochloric acid and 
is hydrolysed by dilute mineral acids to 2-aminoindene-3-carboxylic 
acid, the amino-group remaining unaltered. 

The reactions of the oxygen derivative (a-cyano-8-hydrindone) also 
indicate that very slight changes in the experimental conditions 
employed cause it to react in either the ketonic or enolic form. 
a-Cyano-8-hydrindone (VI) reacts as a true acid, that is, as 3-cyano-2- 
hydroxyindene (XIV), since it is not only readily soluble in aqueous 
solution of caustic alkalis and of alkaline carbonates, but is quickly 
etherified by alkyl sulphates. The salts thus produced are true 
0-derivatives, since on hydrolysis they are rapidly reconverted into 
the ketone. Thus, when the ketone is treated with methyl sulphate, 
it is converted into 3-cyano-2-methoxyindene (XV): 


C,H <oeyee OH O,H Oe OMe 
(XIV.) (XV.) 


CH, 
C oye OEt, 


(XVI.) 
and, when treated with ethyl alcohol and sulphuric acid, is transformed 
into 3-cyano-2-ethoxyindene (XVI). Both these compounds are true 
0-salts, since, on boiling for a short time with dilute hydrochloric acid, 
they are hydrolysed, forming the alcohol and a-cyano-8-hydrindone. 
The capacity of the ketone to react in the enolic form is also 
shown by the fact that it gives an O-benzoy] derivative by the Baumann- 


Schotten method. 
N 2 
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On the other hand, a-cyano-f-hydrindone reacts as a true ketone 
in that it forms a well-defined phenylhydrazone, and, when methylated 
with sodium methoxide and methyl iodide, leads to the formation of 
the C-methyl derivative, a-cyano-a-methyl-8-hydrindone (XVII) : 


__ sem CH,°CO,H 
CH<ont cnyre9 EL rre-Go, 
(XVII.) (XVIII.) 

Unfortunately for the purposes of direct comparison, we have been 
unable to obtain this compound in a solid condition. It is a liquid 
which boils at 187° (25 mm.), that is to say, 8° lower than the 
O-methyl derivative, which boils at 195° (25 mm.). Its constitution 
is clearly proved by the fact that, on hydrolysis with alcoholic potash, 
it is completely transformed into o-phenyleneaceticpropionic acid 
(XVIII), and its ketonic nature is also shown by the formation of a 
well-defined phenylhydrazone with phenylhydrazine. 

The formation of the C-methyl derivative in the above reaction is 
complete, and no trace of the O-methyl derivative could be detected 
accompanying it. It is therefore remarkable that ethylation with sodium 
ethoxide and ethyl iodide in ethyl-alcoholic solution should lead to the 
formation of the O-ethyl derivative, 3-cyano-2-ethoxyindene (XVI), 
and that none of the C-ethyl derivative could be isolated from the 
product. The compound formed in this reaction is identical with that 
which is derived from a-cyano-8-hydrindone on treatment with ethyl 
alcohol and sulphuric acid, since it not only possesses the same melting 
point and crystalline form as this substance, but on hydrolysis is 
readily transformed into ethyl alcohol and a-cyano-8-hydrindone. 
Several experiments were tried with the hope of inducing the ethyl 
group to enter at the carbon atom, but without success. For example, 
it was found that the sodium salt of a-cyano-B-hydrindone was very 
insoluble in both methyl and ethyl alcohol, and it was thought that the 
formation of the O-derivative from the sodium salt and ethyl iodide 
might have been due to a “ constrained reaction” (compare Wislicenus, 
Ahrens-Sammlung, 1897, 249), but on treating the very soluble potass- 
ium salt with ethyl iodide under the same conditions, precisely the 
same result was obtained, and the O-ethyl derivative was the sole 
product formed. Moreover, when the sparingly soluble sodium salt of 
the ketone was treated with methyl iodide the C-methyl derivative 
was alone formed, ana no trace of the O-methyl derivative could 
be isolated. 

It is difficult to account for this remarkable difference in 
behaviour unless it is assumed that it constitutes an instance of 
steric hindrance, and that the spacial relations of the atoms do not 
permit of groups of more than a certain size attaching themselves 
to the a-carbon atom. Arguing on this assumption, it would seem 
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to supply an explanation for the remarkable fact that such dis- 
similar groups as carboxyl and carbethoxyl bring about the same 
change in the molecule of B-iminohydrindene, and cause the com- 
pound to react in the amino-form. 

Reviewing the evidence in this light, it will be seen that the follow- 
ing groups, when attached to the a-carbon atom of B-hydrindone or its 
imino-derivative, render the single bond between the a- and B-carbon 
atoms stable or unstable : 


Stable. Unstable. 
H CO:N H, 
H CO,H 
Et CN 
H CO,Et 


Arguing on the assumption that it is the molecular weights or 
a function of the molecular weights of the groups in the second list 
which render it impossible for them to attach themselves to the 
a-carbon atom, it will be seen that the limit of stability is probably 
reached with the groups Me and CN, since the molecular weight of 
these groups (41) is only four units less than of the groups H and 
CO-NH, (45). Experiments are now in progress which it is hoped 
will throw further light on this point, for if the above view is correct, 
then the alkylation of B-hydrindone will take place at the carbon 
atom until an alkyl group such as butyl is introduced, when alkylation 
will take place at the oxygen. 

It should be mentioned that, although when the groups H and CN are 
attached to the a-carbon atom as in B-imino-a-cyanohydrindene and a- 
cyano-8-hydrindone the compound reacts both as a ketone and hydroxy- 
derivative or as an amine or imine, yet, when the aminic structure is 
stable, as in ethyl 2-aminoindene-3-carboxylate, 2-aminoindene-3- 
carboxylic acid and 2-aminoindene-3-carboxyamide, there is not the 
slightest evidence that they can react in the iminic form, and it is 
highly improbable that these compounds are capable of exhibiting 
tautomerism. 

It may also be mentioned that the name steric hindrance is hardly 
a satisfactory term to apply to a phenomenon of this type, since 
hindrance implies merely temporary opposition. There are, however, 
many cases, such as, for example, the non-formation of tetraphenyl- 
methane, in which the formation of the compound is not merely 
hindered but inhibited by steric conditions. To these reactions, of 
which we believe the experiments described in the. present paper are 
instances, the term steric inhibition would be better applied. 

B-Imino-a-cyanohydrindene does not form a sodium derivative with 
sodium ethoxide, and cannot, therefore, be alkylated by this means, 
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The fact is interesting because it has been shown (Trans., 1906, 89, 
1912) that ethyl B-imino-a-cyano-y-phenylbutyrate, 
PhCH,*-C(:NH)-CH(CN)-CO,Et, 

is alkylated with great difficulty, and that only after several treat- 
ments with sodium ethoxide and an alkyl iodide can one of the 
hydrogen atoms marked (*) be replaced by alkyl. It is evident, 
therefore, that ring formation in the ortho-position entirely destroys 
the capacity of the methylene group adjacent to the imino-group for 
forming a sodium derivative. ‘he question therefore arises, what is 
the mechanism of the reaction by which B-imino-a-cyanohydrindene is 
formed from o-phenylenediacetonitrile? The formation is, as has been 
already mentioned, quantitative, and takes place with remarkable ease 
in the presence of a trace of sodium ethoxide. The actual quantity of 
sodium ethoxide which is sufficient and the rate of the reaction have 
not as yet been determined, but Mr. A. Holt, jun., has signified his 
intention of working out these questions in the near future. For 
the purposes of the preparation it was found that 0°1 gram of sodium 
ethoxide would convert 10 grams of o-phenylenediacetonitrile into 
10 grams of 8-imino-a-cyanohydrindene in the course of one hour 
at 80°. 

Moreover, the presence of sodium ethoxide is essential to the 
formation of the hydrindene derivative, since, when an attempt was 
made to produce it by E. v. Meyer’s method for preparing imino- 
nitriles, that is by treating a solution of the dinitrile in ether with 
metallic sodium, no trace could be isolated when the ether had been 
previously carefully freed from the last traces of alcohol, although 
when very small quantities of alcohol were added to the ether the 
formation readily took place. 

The reaction is, we consider, an instance of true catalysis in which 
sodium ethoxide plays the part of a catalyst probably in accordance 
with the scheme 


CH,°CN oe CH,°C(OEt):NNa 
C oon’. cn t+ NaOEt —> C,H, <cn?. CN 


> O8.<on ion: :NH + NaOEt. 


Attempts made to isolate the intermediate imino-ether have so far 
been unsuccessful because, even at low temperatures, the elimination 
of alcohol takes place at once with the formation of the hydrindene 
ring ; it is probable that its existence is only momentary. 

It has always seemed likely to us that the formation of imino- 
nitriles could be better represented by a catalytic action such as the 
above rather than by the equation previously suggested (‘Trans., 1906, 
89, 1906), but no direct evidence could be obtained on this point 
because the imino-nitriles prepared by us up to the present have 
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all been capable of reacting with sodium ethoxide to form a sodium 
derivative, and hence the catalyst in these cases has been rapidly 
destroyed. It is proposed to institute experiments with the object of 
ascertaining whether imino-nitriles which do not react with sodium 
ethoxide can be formed by the action of sodium on a solution of the 
nitrile in ether which has been entirely freed from alcohol, and it is 
also hoped that by the aid of the above reaction with sodium ethoxide 
valuable evidence concerning ring formation will be obtained by the 
production of alicyclic compounds from straight chain dinitriles. 

In a former communication (Trans., 1907, 91, 584), it was suggested 
that the formation of ethyl 1:3-naphthylenediamine-2-carboxylate from 
ethyl B-imino-a-cyano-y-phenylbutyrate by the action of cold concen- 
trated sulphuric acid could be best explained on the assumption that 
the nitrile first formed an additive product with one molecule of 
sulphuric acid, and that sulphuric acid was then eliminated from the 
hydrogen atom in the ortho-position in the benzene ring; the 
naphthalene derivative being formed thus : 

CH, 


OH, 
(oN % /NoxHt 
= 
ur CH:CO,Et \/ CH: CO, Et 
GN 6(80,H):NH 


CH, 
/\/\o:NH 
A, O00, Bt 
C:NH 

It was also mentioned that in all probability the explanation of the 
formation of an acid amide by dissolving a nitrile in concentrated 
sulphuric acid and pouring the product into water is of the same 
kind : 

R:CN + H,SO, —> R-C(S0,H):NH —> R-C(OH):NH or R:CO-NH,,. 
~ A good instance of the formation of an amide in this way is given 
in the present paper, for when o-phenylenediacetonitrile is dissolved in 
concentrated sulphuric acid and the product is poured into water, the 
amide is produced in almost quantitative yield : 

N H,°CO’NH, CH,°CO,H 

OB <oHoN —> Cou con: —> CH cour 

Since the amide is completely converted into ostenteniaaeae 
acid on warming with potash, this method is probably the best for 
preparing this acid in quantity. 

During a conversation with Dr. F. E. Matthews on this subject, he 
mentioned that his experiments with certain nitriles pointed to the 
formation of an additive product from one molecule of the nitrile 
and two of sulphuric acid, but at that time the compounds investigated 
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by us furnished no evidence of the formation of this double additive 
product, for although the formation of the amide could be readily 
explained by its means : 


R-ON + 2H,S80, —> R-C(SO,H),*NH, —> R-C(OH),-NH, —> 
R-CO-NH, + H,0, 


yet it was difficult to see how the formation of an additive product of 
this kind could lead to the production of the naphthalene ring in the 
manner described above. 

B-Imino-a-cyanohydrindene is, however, a compound which without 
doubt forms an additive product with two molecules of sulphuric acid, 
and we are indebted to Dr. Matthews for a suggestion which has 
enabled us to explain the curious behaviour of this imino-nitrile with 
concentrated sulphuric acid. 

For some time considerable difficulty was experienced in hydrolysing 
the nitrile group of £-imino-a-cyanohydrindene without either breaking 
the hydrindene ring or causing the formation of products of higher 
molecular weight. As already stated, the imino-nitrile is readily 
hydrolysed by dilute mineral acids, forming a-cyano-B-hydrindone, but 
when the action of the hydrolysing agent is prolonged, the ketone 
condenses with itself and a derivative of bishydrindene is formed. When 
either the ketone or the imino-compound is treated with alkaline 
hydrolysing agents, the disruption of the indene ring is rapidly effected 
and o-phenylenediacetic acid is the sole product. An attempt was 
therefore made to prepare the amide from B-imino-a-cyanohydrindene 
by dissolving it in concentrated sulphuric acid and pouring the product 
into water. It was found that the imino-nitrile readily reacted with 
the strong acid, and that after leaving for half an hour a clear solution 
could be obtained on pouring a test portion into water. The sulphuric 
acid sulution was therefore poured on ice, when the solid which separated 
was found to consist almost entirely of the carboxylic acid and to con- 
tain only a small quantity (about 2 per cent.) of the amide. We con- 
sider that the formation of the acid in this manner is due to the pro- 
duction of an additive product of the imino-nitrile with two molecules 
of sulphuric acid which subsequently reacts with water, forming the 
ammonium salt of the acid, thus: 


CH, 
A.<cuyo( $0,H), 


C:NH -> 
NHJ 


>C:NH —> 


“iH <oago( (OH),-NH,] 


CH <oH(CO,: ‘NHC ONE. 


* These formule are written in the iminic form for the sake of clearness, The 
compounds, of course, have the aminic structure. 
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This ammonium salt is then at once decomposed by the free sulphuric 
acid present, yielding the free carboxylic acid. 

It is, of course, evident that the product formed by water on the sul- 
phuric acid additive product may either pass by rearrangement into 
the ammonium salt or may eliminate water and pass into the amide, 
and it is possible that the small quantity of amide produced in the 
above reaction may have been formed in this way, but for certain 
reasons we are inclined to think that its formation is due to the partial 
production of a mono-additive product which reacts with water in the 
manner just indicated. There is at present no direct evidence for this, 
but it is rendered probable, because if the time during which the action 
of concentrated sulphuric acid is continued is less than that mentioned 
above, a larger mount of the amide is formed. It is reasonable to 
suppose that the formation of a mono-additive product in every case 
precedes the formation of the di-additive product. 

When the concentrated sulphuric acid solution of the imino-nitrile is 
poured into well-cooled absolute alcohol, the product is the same as 
with water, ethyl hydrogen sulphate being produced in accordance 
with the scheme : 


CH , 
CoH oH 0(80,H),,NH, H +2EtOH —> 


\>C:NH + 2Et-SO,H. 


CH <on(00,*NH, 
No trace of the ethyl salt of the carboxylic acid is formed in this re- 
action, and in order to produce this substance the ethyl-alcoholic solu- 
tion containing ethyl hydrogen sulphate must be heated for some 
considerable time on the water-bath. 
As already mentioned, 2-aminoindene-3-carboxylic acid passes into 
B-hydrindone on distilling a solution of it in dilute sulphuric acid 
with steam : 


CH,—~,,, +): 
CH <G(o,H)7e NH, —> CH oy CNH co 
Os < Gg >00. 


The hydrolysis of the nitrogen group takes places as soon as and not 
until carbon dioxide is eliminated, and it is therefore probable that B- 
iminohydrindene (XIX) is a trueimino-compound. Unfortunately, we 
have been unable to isolate this substance, for when the reactions which 
should give it, such as the elimination of carbon dioxide from the 
carboxylic acid by heat, are tried, only compounds formed by intra- 
molecular condensation are produced. But that it is a true imino- 
compound readily hydrolysable by acids can be inferred by the produc- 
tion of B-hydrindone from B-nitroindeve, which, as Wallach has shown 
(Annalen, 1904, 336, 1), can be effected by reduction and hydrolysis. 
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B-Hydrindone has been prepared by Schad (Ber., 1893, 26, 222) and 
Benedikt (Annalen, 1893, 275, 353) by the distillation of the calcium 
salt of o-phenylenediacetic acid ; by Heusler and Schieffer (Ber., 1899, 
32, 30) from the indene of coal-tar, and more recently by Wallach in 
the manner mentioned above. It is described as a white, crystalline 
substance which rapidly changes on exposure to the air to a brown 
resin. $-Hydrindone prepared by our method exhibits no tendency to 
decompose, and has been kept for many months without showing any 
signs of change. It is probable, therefore, that by our method of pre- 
paration some impurity has been removed which always accompanied 
B-hydrindone when prepared by the methods quoted. 

AJl the derivatives of 8-hydrindone and its imide described in this 
paper possess one characteristic reaction in common. When a trace 
is added to concentrated sulphuric acid a brilliant blue solution is pro- 
duced. This colour is discharged on adding a further quantity of the 
hydrindene derivative, but on adding the colourless solution thus formed 
to a further quantity of sulphuric acid, the blue colour is again 
produced. 

It was ultimately found that when the concentrated sulphuric acid had 
been carefully purified no colour was produced, but that immediately a 
trace of an oxidising agent such as nitric acid was added it was at once 
formed. It is very difficult to obtain sulphuric acid which does not 
give this reaction, the pure commercial acid giving it to a very marked 
degree. When very pure sulphuric acid which has been found not to 
give the colour is mixed with a trace of selenic acid, the blue colour 
formed is very intense. 

Neither the a- nor B-hydrindone has, so far as we are aware, been 
observed to oxidise to the double molecule analogous to the forma- 
tion of indigo from indoxy], and it is therefore of interest to note that 
8-imino-a-cyanohydrindene readily undergoes this transformation. 
When a solution of this substance in alcoholic potash is shaken 
in the air, it rapidly becomes intensely purple, ammonia at the same 
time being elimiaated. On standing, the solution deposits crystals of 
a potassium salt of the formula: 


on-0<{ ar >: ROA Eas ‘CN, 


which dissolve in hot olan ienitins an sntininely bluish-purple solution 
from which wool can be dyed a rich shade of purple. On treating the 
aqueous solution of the potassium salt with acids, the free hydroxyl 
compound is produced as a red amorphous precipitate. It is, however, 
insoluble in all solvents,and has not been obtained in a crystalline 
state. 
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EXPERIMENTAL. 
o- Phenylenediacetonitrile, C;H,(CH,*CN),. 


The preparation of ww'-dibromo-o-xylene was effected in the manner 
described in a previous paper (Trans., 1907, 91, 1695), and it was 
converted into the dinitrile by the aid of potassium cyanide in dilute 
alcoholic solution. The method adopted was as follows, the operation 
being conducted in the open air, since ww'-dibromo-o-xylene has a most 
painful effect on theeyes. About 10 per cent. more than the theoretical 
quantity of potassium cyanide was dissolved in as little water as 
possible, and then mixed with three times its volume of ethyl alcohol. 
After the mixture had been raised to the boiling point, the finely- 
ground bromo-compound was added in small portions at a time in such 
a manner that the heat of the reaction kept the liquid at the boiling 
point. When all had been added, the mixture was allowed to stand 
for half an hour, when it was diluted with water, and the oil which 
was then precipitated extracted with ether. After drying, the ethereal 
extract was evaporated to a small bulk and allowed to stand, when 
crystals of the dinitrile slowly separated. These were collected and 
recrystallised from alcohol, the dark-coloured oil which was obtained 
on evaporating the ethereal mother-liquor yielding a further quantity 
of crystals on being mixed with an equal volume of alcohol. Pure 
o-phenylenediacetonitrile melts at 60°. 

When o-phenylenediacetonitrile is recrystallised from either methyl 
or ethyl alcohol, but best from the former, it can be obtained in two 
forms, one of which separates at temperatures below 18°, the other at 
temperatures above this point. The modification separating at the 
lower temperature which consists of needles is unstable, and almost 
immediately passes into the stable or prismatic form. At the same 
time there is evidently a considerable change in volume, since each 
needle on passing into the prismatic form breaks up with a loud report, 
which, if the needles have grown to any size, is almost explosive. 
This property is best shown by melting about a gram of the dinitrile 
under light petroleum (b. p. 80—90°), in which it is almost insoluble, 
and then rapidly cooling below 10°. On touching, the oil will solidify 
in the labile form, which will almost immediately pass into the stable 
variety, the change being accompanied by a loud explosion, which, in 
one or two experiments, shattered the test tube. 


Formation of o-phenylenediacetamide and o-phenylenediacetic acid from 
o-phenylenediacetonitrile. 


The transformation of o-phenylenediacetonitrile into o-phenylene- 
diacetamide may be readily effected by the aid of concentrated 
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sulphuric acid, the following conditions being found most 
suitable. The dinitrile was slowly added to five times its weight of 
concentrated sulphuric acid, and the solution, which became warm, 
allowed to stand at the ordinary temperature until a test portion, on 
being diluted with water, showed no deposition of oil. The whole was 
then poured into water, and the clear solution made alkaline with 
ammonia, when the formation of ammonium sulphate in the solution 
caused the diamide to be completely precipitated. It was collected by 
filtration and crystallised from water, from which solvent it separated 
in long, silky needles, resembling asbestos, melting at 198°: 

0°1532 gave 0°3501 CO, and 0°0889 H,O. C=62°30; H=6-44. 

C,,H,,0,N, requires C=62'5 ; H=6:2 per cent. 

o-Phenylenediacetamide is very sparingly soluble in alcohol, and is 
readily hydrolysed by aqueous solutions of caustic alkalis. It was 
completely converted into o-phenylenediacetic acid by boiling with excess 
of caustic potash solution until the evolution of ammonia had ceased, 
and then acidifying the solution with hydrochloric acid. The acid was 
extracted by ether, the ethereal extract dried and evaporated, the 
residue, which olidified on cooling, being crystallised from water. 
o-Phenylenediacetic acid prepared in this way showed the correct 
melting point, namely, 150°: 


0:2012 gave 0°4553 CO, and 00905 H,O. C=61:70; H=4:99. 
C,,H,,0, requires C=61°8; H=5:l per cent. 
The yield of the acid from o-phenylenediacetonitrile by this process 
is 90 per cent. of the theory. 


B-Imino-a-cyanohydrindene, C,H Oi H. 

In order to prepare this substance, 10 grams of o-phenylenediaceto- 
nitrile were dissolved in 40 c.c. of ethyl alcohol and introduced into a 
flask fitted with a reflux condenser, the apparatus being so devised 
that a current of dry hydrogen could be driven through the flask 
throughout the operation. The alcoholic solution was then heated to 
boiling on the water-bath, and 1 c.c. of a solution of one gram of 
sodium dissolved in 10 c.c. of alcohol added through the condenser. 
On adding the sodium ethoxide the solution became at once yellow, 
the yellow colour increasing in intensity as the reaction progressed. 
After one hour of gentle boiling, the contents of the flask were allowed 
to cool, when yellow prisms separated which were collected, washed and 
dried. The compound prepared in this way was almost pure, the yield 
being practically quantitative. It was purified for analysis by re- 
crystallisation from hot alcohol, from which solvent it separated in 
prisms, usually slightly yellow, which melted at 193°: 
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0:1548 gave 0°4331 CO, and 0:0718 H,O. C=77:18; H=5:15. 
02072 ,, 31°8c.c. of nitrogen at 18° and 757 mm. N=17°67. 
C,,H,N, requires C=76'9; H=5'1; N=17°9 per cent. 


The yellow colour of B-imino-a-cyanohydrindene is evidently due to 
the presence of traces of impurity, since on repeated crystallisation it 
can be obtained almost colourless. The imino-nitrile sublimes when 
heated, and does not form a sodium compound with sodium ethoxide. 
It is readily soluble in hot alcohol, sparingly so in cold alcohol or benz- 
ene, and practically insoluble in water. Its alcoholic solution gives no 
colour with ferric chloride, but when a small quantity of the solid is 
dissolved in concentrated sulphuric acid containing a trace of an 
oxidising agent, a fine blue coloration is produced. This reaction is 
best seen with sulphuric acid containing a trace of selenic acid. 
Indeed, it is a matter of some difficulty to obtain sulphuric acid which 
does not give this reaction. Ordinary sulphuric acid gives it at once, 
and even after careful distillation a faint colour is produced. 

The phenylhydrazone.—B-Imino-a-cyanohydrindene reacts slowly 
when boiled in acetic acid solution with phenylhydrazine acetate, and, 
on cooling, yellow crystals are deposited which when crystallised from 
alcohol yield pale yellow plates which melt and decompose at 187°: 


0°1643 gave 24:2 c.c. of nitrogen at 16° and 762 mm. N=17°21. 
C,,H,,N, requires N = 17:0 per cent. 


This compound is evidently he same as that produced by the action 
of phenylhydrazine on a-cyano-B-hydrindone (see later). 


Conversion of B-imino-a-cyanohydrindene into 3-cyano-2-ethoxyindene. 


This conversion was effected by dissolving the imino-compound in 
ethyl alcohol, adding one-third of the volume of concentrated sulphuric 
acid, and, after boiling the solution on the water-bath for twenty 
minutes, allowing it to stand for twelve hours. At the end of this 
time the product was poured into water, the solid then formed filtered 
and crystallised from alcohol. In this way, colourless needles were 
obtained melting at 84°: 

0:2636 gave 0°7516 CO, and 0°1450 H,O. C=77'76; H=6'l. 

02090 ,, 143 c.c. of nitrogen at 14° and 746mm. N=7°9. 

C,,H,,ON requires C=77°8 ; H=5°9; N=7°6 per cent. 


This compound is evidently the same as that produced by the ethyl- 
ation of a-cyano-B-hydrindone (see later). 


MOORE AND THORPE: THE FORMATION AND 


Bis-1-eyano-2-hydroxyindene. 


. C(OH -a—-C(OH . 
oNn-0< UG oe > C-0N. 

The oxidation of B-imino-a-cyanohydrindene to the potassium salt of 
the above substance was effected in the following way: Five grams of 
the imino-compound were dissolved in alcohol containing rather more 
than one equivalent of potash. After the solution had been warmed 
to 50°, air was drawn through it until a test portion, on dilution with 
water, gave no precipitate of unchanged imino-compound. The deep 
purple solution was allowed to stand, when crystals of the potassium 
salt slowly separated. These were collected, washed with cold water 
and dried, yielding slender, deep blue needles with faint copper reflex : 

0°2471 gave 01112 K,SO,, K=20°12. 

C,»)H,O,N,K, requires K = 20:20 per cent. 

The potassium salt is insoluble in cold water, but readily dissolves 
on boiling. The deep purple solution thus obtained deposits the 
crystalline salt completely on cooling, but in hot solution can be used 
for the purpose of dyeing wool. The ammonium and sodium salts 
show a greater degree of solubility in water. 

The free acid is deposited as a red, amorphous precipitate on adding 
hydrochloric acid to a solution of the above potassium salt. It is 
insoluble in all the usual solvents, and therefore for the purposes of 
analysis the precipitated acid was washed and dried : 

0:2317 gave 0°6560 CO, and 0°0690 H,O. C=77:22; H=3°31. 

C,,H,,0,N, requires C=77°4; H=3-2 per cent. 

When heated the compound partly sublimes, but for the most part 
chars without melting. It is readily soluble in alkali carbonates and 
caustic alkalis, forming the highly coloured alkali salts just described. 


a-Cyano-B-hydrindone, CHG Hiony 0° 


This substance was prepared in the following way : Ten grams of 
8-imino-a-cyanohydrindene were mixed with 200 c.c. of water to which 
50 c.c. of concentrated hydrochloric acid had been added, and the 
mixture boiled until a test portion was completely soluble in dilute 
sodium carbonate solution, an operation which usually required from ten 
to fifteen minutes. The mixture was then cooled and extracted three 
times with ether, the yellow ethereal solution being subsequently 
thoroughly shaken with dilute aqueous sodium carbonate, whereby the 
colourless ketone was completely extracted, leaving the yellow 
impurities dissolved in the ether. The ketone was precipitated on 
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adding acid to the sodium carbonate solution, and was purified by 
recrystallisation from dilute alcohol, when it was obtained in colourless 
plates melting at 172° with decomposition. The compound also 
erystallises well from glacial acetie acid : 


0:3704 gave 1:0316 CO, and 0°1509 H,O. C=75°95 ; H=4-49. 
01990 gave 15°6 c.c. of nitrogen at 19° and 772mm. N=9-2. 
C,,H,ON requires C=76'4; H=4:5; N=8°9 per cent. 


a-Cyano-B-hydrindone is readily seluble in alkali carbonates. When 
a small quantity is added to concentrated sulphuric acid containing a 
trace of an oxidising agent, a deep blue solution is produced similar to 
that formed with the imino-compound. The ketone gives a green 
colour with ferric chloride, but its solution in alcoholic potash does not 
oxidise in the air. 

The phenylhydrazone, C,,H,,N,, is formed as a yellow, crystalline 
precipitate on adding a solution of phenylhydrazine acetate to a 
solution of the ketone in glacial acetic acid and boiling. It crystal- 
lises from absolute alcohol in small needles melting at 187° with 
decomposition : 


0:2464 gave 36-0 c.c. of nitrogen at 13° and 752 mm. N=17'l. 
C,,H,,N, requires N = 17:0 per cent. 


The potassium salt, C,,H,ONK, is formed as a white, crystalline 
precipitate on adding a slight excess of 2!coholic potash to a solution 
of the ketone in alcohol. It can be recrystallised from alcohol, from 
which solvent it separates in colourless plates : 


0°4375 gave 0:1925 K,SO,. K=19°72. 
C,)H,ONK requires K = 20:0 per cent. 


The potassium salt is readily soluble in alcohol, whereas the sodium 
salt is very sparingly soluble. The sodium salt is, moreover, much 
less soluble in water than the potassium salt, and is completely 
precipitated from its aqueous solution by excess of sodium hydroxide. 

The silver salt, C,,H,ONAg, is precipitated on adding the calculated 
quantity of silver nitrate solution to an aqueous solution of the 
potassium salt. It isa white powder which becomes slowly coloured 
on exposure to light : 


02731 gave 01119 Ag. Ag= 40°97. 
C,)H,ONAg requires Ag= 41°0 per cent. 


The O-benzoyl derivative, C,H O(a) > COBs can be prepared by 


dissolving the ketone in excess of potassium hydroxide solution, adding 
excess of benzoyl chloride and shaking until all the chloride has 
dissolved. The insoluble precipitate which remains, on being filtered 
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and recrystallised from alcohol, can be obtained in slender, colourless 
needles melting at 123°: 

0°1774 gave 0°5073 CO, and 0:0654 H,O. C=77:99; H=4-09. 

C,,H,,0,N requires C= 78:1 ; H=4:2 per cent. 

An intensely green compound is formed in this reaction, but since 
it is readily soluble in cold alcohol, the benzoyl derivative can be 
easily freed from it. The benzoyl derivative is quickly hydrolysed 
with dilute alcoholic potash, yielding a-cyano-8-hydrindone and benzoic 
acid. 


Formation of o-phenylenediacetic acid from a-cyano-B-hydrindone. 


On boiling a-cyano-8-hydrindone with excess of aqueous potassium 
hydroxide, ammonia was slowly evolved, and after heating for twelve 
hours the evolution had ceased. The solution was then acidified and 
extracted with ether, the ethereal extract evaporated and the residue 
crystallised from water, when the long, characteristic needles of 
o-phenylenediacetic acid, melting at 150°, separated : 

0°2236 gave 0:'5056 CO, and 0:1007 H,O. C=61°66; H=5-00. 

C,,H,,0, requires C=61°8; H=5'l per cent. 


Alkylation of a-cyano-B-hydrindone by etherifying agents. 


3-Cyano-2-methoxyindene, OH O(c PO OMe. 

In order to prepare this compound, 3 grams of the ketone were 
dissolved in 10 times its weight of methyl alcohol and the solution 
mixed with 5 grams of methyl sulphate. After being boiled for a 
few minutes, the solution was treated with excess of potassium 
hydroxide and vigorously shaken until all the excess of methyl 
sulphate had been destroyed, when the insoluble residue was filtered 
and recrystallised from methyl alcohol. The compound may also be 
prepared from methyl alcohol and sulphuric acid by dissolving 3 grams 
of the ketone in 10 times its weight of methyl alcohol, adding one- 
third of the volume of concentrated sulphuric acid and, after boiling, 
allowing to stand some hours. The methoxy-derivative then separates 
completely from the solution and can be collected at once by filtration. 
When recrystallised from methyl alcohol, 3-cyano-2-methoxyindene 
forms long, colourless needles melting at 88° and boiling at 195° 
(25 mm.) ; 

0°2139 gave 0°6043 CO, and 0°1045 H,O. C=77:05 ; H=5-42. 

C,,H,ON requires C=77:2 ; H=5:3 per cent. 

The compound also crystallises well from light petroleum (b. p. 

80—90°). When boiled for a few minutes with dilute hydrochloric acid, 
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3-cyano-2-methoxyindene slowly passes into solution, and on cooling 
the solution crystals of a-cyano-B-hydrindone melting and decomposing 
at 172° separate. It is evident, therefore, that the compound is 
the O-methy] derivative. 


3-Cyano-2-ethoxyindene, Cp <C(Cyy COLE. 


The ethoxy-derivative was prepared by the action of ethyl alcohol 
and sulphuric acid on a-cyano-$-hydrindone. Three grams were 
dissolved in 30 grams of ethyl alcohol and the solution mixed with one- 
third of its volume of concentrated sulphuric acid. After having been 
raised to the boiling point, the solution was allowed to stand, when 
crystals of the ethoxy-derivative slowly separated. These were collected 
and recrystallised from ethyl alcohol, when they were obtained in 
slender, colourless needles melting at 84° and boiling at 212° 
(25 mm.) : 

0:2451 gave 0'6990 CO, and 0°1349 H,O. C=77°78 ; H=6:11. 

C,,H,,ON requires C=77°8 ; H=5-9 per cent. 

When boiled with dilute hydrochloric acid, 3-cyano-2-ethoxyindene 
passes slowly into solution, and if the solution is cooled crystals of 
a-cyano-8-hydrindone melting and decomposing at 172° separate. Both 
the methoxy- and ethoxy-derivatives give the characteristic blue colour 
of derivatives of B-hydrindone and B-iminohydrindene with concentrated 
sulphuric acid containing a trace of an oxidising agent. The vapours 
of both compounds possess a peculiar garlic-like odour. 


Alkylation of a-Cyano-B-hydrindone through the Alkali Salts with an 
Alkyl Iodide. 


a-Cyano-a-methyl-P-hydrindone, CH.<oni? (on) 00. 


It has already been mentioned that the sodium salt of a-cyano-B- 
hydrindone is sparingly soluble in hot alcohol, whereas the potassium 
salt readily dissolves. For reasons given in the introduction, it was 
therefore necessary to investigate the action of methyl iodide on both 
the sodium and potassium salts, but since the reactions were carried 
out in the same way, and the products in each case were found to be 
identical, it is only necessary to describe one of them in detail: 
3°6 grams of pure potassium hydroxide were dissolved in 100 c.c. of 
methyl alcohol, and the solution mixed with 10 grams of a-cyano-f- 
hydrindone. The clear yellow solution was then transferred to a 
Geissler flask, mixed with 20 grams of methyl iodide and heated on 
the water-bath for two hours. At the end of this time the excess of 
methyl iodide was removed by distillation, water added to the residue, 
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and the oil which separated extracted by ether. The ethereal solution 
was then washed with water to remove alcohol, and finally with 
dilute aqueous sodium carbonate to remove any unchanged ketone, 
dried and evaporated. - The oil which remained boiled at 187° 
(25 mm.), passing over as a viscous, colourless liquid, which could not, 
however, be induced to solidify : 

02201 gave 0°6211 CO, and 0:1071 H,O. C=76:96; H=5-40. 

C,,H,ON requires C=77:2; H=5:3 per cent. 

The phenylhydrazone, C,,H,,N,, was prepared by dissolving the 
ketone in glacial acetic acid, adding a solution of phenylhydrazine 
acetate in glacial acetic acid, and boiling for a few minutes, On cool- 
ing, yellow crystals of the salt separated, which were obtained in 
yellow prisms, melting at 169° by recrystallisation from alcohol : 

02179 gave 30°7 c.c. of nitrogen at 17° and 756 mm.; N = 16-26. 

C,,H,;N, requires N = 16:1 per cent. 


; se . CHMe:CO,H 
o-Phenyleneaceticpropionic Acid, C,H - 
y prop 6 ‘\cH;,-CO,H 


The constitution of a-cyano-a-methyl-8-hydrindone was proved by 
the formation of the above acid on hydrolysis. The ketone was 
boiled in a Geissler flask with a solution of one and a half times 
the calculated quantity of potash dissolved in methyl alcohol until 
a test portion on dilution with water showed no separation of oil. 
Water was then added, and the solution freed from methyl alcohol 
by evaporation. The clear aqueous solution was then acidified and 
extracted with ether, the ethereal extract being free from the acid 
by extracting it with a little aqueous sodium carbonate. On 
acidifying the sodium carbonate extract, the acid was precipitated 
and was purified by recrystallisation from hot water, being obtained 
in small, colourless needles melting at 152°: 

0°2011 gave 0-4665 CO, and 0:1067 H,O. C=63:27; H=5-90. 

C,,H,,0, requires C=63°5 ; H=5'8 per cent. 

The acid is much less soluble in ether than o-phenylenediacetic 

acid. 
3-Cyano-2-ethoxyindene. 


The action of ethyl iodide on either the sodium or potassium 
salts of a-cyano-8-hydrindone in ethyl-alcoholic solution leads to the 
formation of the above O-ethyl derivative, although the experimental 
conditions were precisely the same as those which in the case of 
methyl iodide led to the production of the C-methyl derivative. 
Ten grams of the ketone were added to a solution of 3°6 grams of 
potassium hydroxide in 100 c.c. of ethyl alcohol, excess of ethyl 
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iodide was then added and the solution heated on the water-bath 
for two hours. At the end of this time the excess of ethyl iodide 
was removed by evaporation, water added, and the resulting oil, 
which rapidly solidified, was extracted by ether. The ethereal ex- 
tract, after being washed with water, was shaken with dilute 
sodium carbonate solution to remove ‘any unchanged ketone, dried 
and evaporated. 

The oily residue quickly became solid, and after being recrystal- 
lised from ethyl alcohol was obtained in slender, colourless needles 
melting at 84°: 

0:2094 gave 05980 CO, and 0°1155 H,O. C=77:8; H=6'l. 

C,.H,,ON requires C=77'8 ; H=5:9 per cent. 

When the compound was mixed with a specimen of 3-cyano-2- 
ethoxyindene prepared by the etherification of a-cyano-@-hydrindone 
(see page 181), no alteration in the melting point was produced, 
and when it was boiled for a few minutes with dilute hydrochloric 
acid it was completely hydrolysed to a-cyano-8-hydrindone. There 
could be no doubt, therefore, that it was the O-ethyl derivative. 


Action of Concentrated Sulphuric Acid on B-Imino a-cyanohydrindene. 


2-Aminoindene-3-carboxylic Acid, OH.<Gic Hy? C'NEy. 
2 


The formation of 2-aminoindene-3-carboxylic acid from the imino- 
nitrile can be readily effected by the action of concentrated sulphuric 
acid. “Twenty grams of #-imino-a-cyanohydrindene were added 
gradually to 200 c.c. of concentrated sulphuric acid, with constant 
stirring, whereby the temperature rose to 30°. On adding the first 
portion of the imino-nitrile, the deep blue solution to which reference 
has already been made was formed. This colour disappeared on 
adding more of the imino-nitrile, and when all had dissolved, the 
solution, which was pale yellow, was left at the ordinary tempera- 
ture for one hour. The strongly acid solution was then poured in a 
thin stream on ice, when the clear solution which was first formed 
gradually deposited a heavy white. precipitate. The decomposition 
of the sulphuric acid addition product takes place, however, only 
slowly at 0°, and the above solution must be left for at least an 
hour before the decomposition is complete. 

After the ice had all melted, the solution was filtered, and the 
insoluble residue treated with dilute sodium hydroxide solution and 
filtered, the insoluble portion being subsequently washed with dilute 
alkali in order to remove the last traces of acid. The alkaline 
solution, on being acidified with hydrochloric acid, gave a precipitate 
of the free acid which was collected and recrystallised from alcohol, 
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when it was obtained in pale yellow needles melting and decom- 
posing at 171°: 

02632 gave 0°6622 CO, and 0°1270 H,O. C=686; H=5°3. 

C,,H,O,N requires C= 68°6 ; H=5-l per cent. 

The acid is soluble in hot water and can be recrystallised from 
this solvent, but it is advisable to use alcohol for this purpose, since 
at the higher temperature some carbon dioxide is always eliminated, 

The compound is both an acid and a base. Thus it is readily 
soluble in alkali carbonates and dissolves in dilute ammonia, but 
the salts formed are evidently unstable, since, for example, on boiling 
a solution of the ammonium salt containing excess of ammonia, the 
free acid separates on cooling even though the solution is still 
alkaline to litmus. 

The hydrochloride, C,,H,O,N,HCI, can be prepared by cautiously 
dissolving the carboxylic acid in concentrated hydrochloric acid, 
filtering and allowing to stand, when slender, colourless needles of 
the salt separate. It is at once dissociated by water : 

0°2318 gave 0°1564 AgCl. Cl=16°69. 

C,,)H,O,N,HCl requires Cl= 16°8 per cent. 
2-Aminoindene-3-carboxylic acid gives a blue colour with concentrated 
sulphuric acid containing a trace of an oxidising agent. 


= 
C(CO-NH,) 

The portion of the product which remained undissolved after 
extracting 2-aminoindene-3-carboxylic acid in the above experiment 
with aqueous potash, was recrystallised from alcohol and obtained 
in pale yellow plates melting with decomposition at 202°: 

0°2099 gave 0°5275 CO, and 01108 H,O. C=68:54; H=5-86. 

C,,H,,ON, requires C=68°9; H=5'7 per cent. 

The amide forms salts with acids which are unstable in aqueous 
solution. The hydrochloride, C,)H,,ON,,HCI, is prepared by dis- 
solving the amide in concentrated hydrochloric acid and allowing 
the solution to stand. It forms colourless plates : 

02158 gave 01462 AgCl. Cl=16°76. 

C,)H,,ON,,HCl requires Cl=16°9 per cent. 

When the amide is warmed with dilute aqueous potash, ammonia 
is evolved, and if, when the evolution is complete, the solution is 
acidified, 2-aminoindene-3-carboxylic acid separates from the solution. 


2-Aminoindene-3-carboryamide, C;H,< 


PO: NH,. 


om- 
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Ethyl 2-aminoindene-3-carboylate, CHC Ey PC NH, 
2 


This substance can be prepared by the etherification, by alcohol and 
sulphuric acid, of the corresponding carboxylic acid. It was, however, 
conveniently prepared directly from f-imino-a-cyanohydrindene by 
the following process. Twenty grams of the imino-nitrile were 
dissolved in 200 c.c. of concentrated sulphuric acid in the manner 
already described, and after the solution had stood for one hour it was 
poured into three times its volume of absolute alcohol, and then heated 
on the water-bath for three hours. At the end of this time, the pro- 
duct was poured into water and the aqueous solution extracted with 
ether. The ethyl salt being very insoluble in ether remained for the 
most part suspended in the solvent, but the aqueous solution was clear 
and could be separated. The ethereal solution containing the ethyl 
salt in suspension was then shaken with dilute sodium carbonate solu- 
tion to remove any unchanged acid, and then filtered. The solid thus 
obtained, on being recrystallised from alcohol, yielded flat, glistening, 
pale yellow needles melting at 206° : 

0:3062 gave 0°7960 CO, and 0°1770 H,O. C=70:°9; H=6°4. 

C,,H,,0,N requires C=70'9 ; H=6°4 per cent. 

The ethyl salt is readily hydrolysed by dilute hydrochloric acid to 
2-aminoindene-3-carboxylic acid. 

The hydrochloride, C,.H,,0,N,HCl.—The ethyl salt quickly dissolves 
in concentrated hydrochloric acid, and the solution on standing deposits 
the hydrochloride in colourless needles which are at once dissociated 
by water : 

0:2297 gave 0°1363 AgCl. Cl=14°68. 

C,,H,,0,N,HCl requires Cl= 14°8 per cent. 

Both the ethyl salt and the carboxylic acid give the characteristic. 
blue colour with concentrated sulphuric acid containing a trace of an 
oxidising agent. 


Elimination of Nitrogen from 2-Aminoindene-3-carboxylic Acid and 
JSrom Ethyl 2-Aminoindene-3-carboxylate by means of Nitrous Acid. 


2-Aminoindene-3-carboxylic Acid.—The experiment was carried out in 
such a manner that the nitrogen evolved by the action of nitrous acid 
eould be measured. A weighed quantity of the acid was introduced 
into a small flask, in which it was brought into solution by means of a 
little sodium hydroxide, Excess of sodium nitrite solution was then 
added, and the flask connected on the one hand with a nitrometer 
filled with potassium hydroxide solution, and on the other with a 
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carbon dioxide generating apparatus. At the same time, a dropping 
funnel was inserted in the neck of the flask. After all the air had 
been expelled by carbon dioxide, the solution in the flask was warmed 
to 80° and excess of hydrochloric acid run in slowly through the dropping 
funnel. When the evolution of nitrogen had ceased, the gas left 
in the flask was swept out by carbon dioxide and the amount of 
nitrogen measured : 


0:2219 gave 23:5 c.c. of nitrogen at 18° and 756 mm. 
C,,H,O,N + HNO, requires 23°8 c.c. 


No trace of 2-hydroxyindene-3-carboxylic acid could be isolated 
from the products of this reaction, the chief compound formed being a 
yellow, amorphous substance which has not as yet been identified. 

Ethyl 2-aminoindene-3-carboxylate.—The apparatus employed in this 
experiment was the same as that used above, only the weighed quantity 
of the ethyl salt, after being introduced into the flask, was dissolved in 
concentrated hydrochloric acid, and, after the air in the flask had been 
replaced by carbon dioxide, an excess of sodium nitrite solution was 
run in from the dropping funnel : 

0°2138 gave 24:9 c.c. of nitrogen at 17° and 766 mm. 

C,,H,,0,N + HNO, requires 252 c.c. 

In this case also no ethyl 2-hydroxyindene-3-carboxylate was formed 
in the reaction, the product consisting of an ill-defined resinous 
substance, evidently of high molecular weight. 


B-Hydrindone, CH ,<pp_2>0. 
: 2 


This substance was best produced from 2-aminoindene-3-carboxylic 
acid in the following way. Thirty grams of the acid were mixed with 
a solution of 80 grams of concentrated sulphuric acid in 240 of water, 
which was quickly raised to boiling and a rapid current of steam 
passed into it, when the hydrindone passed over as a colourless oil 
which solidified in the receiver. It was collected and recrystallised 
from alcohol, being obtained in large, colourless needles melting at 58°. 
These crystals showed no tendency to alter on exposure to the air. 

The substance was further characterised by the formation of its 
phenylhydrazone, melting at 120°, and its oxime, melting at 152°. In 
preparing the phenylhydrazone, however, care must be taken not to 
boil the acetic acid solution of the reacting substances ; otherwise 2 
compound melting at 210° separates out which contains 6°8 per cent. 
of nitrogen. It is probably the phenylhydrazone of a condensation 
product. #-Hydrindone gives a deep blue colour with concentrated 
sulphuric acid containing a trace of an oxidising agent ; an examination 
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of the properties of this substance and of those of its derivatives is in 


progress. 

Much of the expense entailed by this research has been met by a 
Grant from the Research Fund of the Chemical Society, for which we 
desire to express our indebtedness. 


MANCHESTER UNIVERSITY. 


XVUI.—The Colour of Cupric Salts in Aqueous 
Solution. 


By Nevit Vincent Sipewick and Henry THomas TizArp. 


Tue question of the influence of electrolytic dissociation on colour has 
recently been the subject of much discussion. It is held by one school, 
following Ostwald, that dissociation alone is sufficient to account for a 
change of colour; whilst other chemists, such as Hantzsch, maintain 
that the colour of an undissociated molecule in solution is identical 
with that of the ions which it produces, and that the observed changes 
of colour are due to changes of constitution. It was with the view of 
obtaining some information on this question that the following experi- 
ments were carried out ; and although the results are as yet incon- 
clusive, they seem of sufficient interest to be worth recording. 

The changes of colour shown by solutions of cupric salts have long 
been known, and have been the subject of many investigations. These 
have, however, been directed mainly to two points: either to showing 
that in very dilute solution the light-absorption of all cupric salts is 
the same, being that of the cupric ion, or to discovering the 
conditions which determine the fairly sharp change from blue to 
green or brown, exhibited by most cupric salts at high con- 
centrations. 

The first point may be taken as satisfactorily established for 
coloured ions in general, by the work of Ostwald (Zeitsch. physikal. 
Chem., 1892, 9, 579), Pfliiger (Ann. Physik, 1903, |iv], 12, 430), and 
others ; the colour of an ion in a completely dissociated solution is 
unaffected by the other (colourless) ion by which it is accompanied. 
The second point is still somewhat obscure, but the researches of 
Donnan and Bassett (Trans., 1902, 81, 939) make it probable that 
the change of tint in concentrated solution is due to the formation of 
complex ions or complex undissociated molecules. 
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Much less attention has been directed to the region lying between 
these two extremes, where the solution is sufficiently dilute to be blue, 
and yet is not wholly dissociated. Such work as has been done has all 
been spectroscopic, consisting either in the measurement of the absorp- 
tion bands, or in the determination of the intensity of the absorption 
for light of certain definite wave-lengths. The former method is 
open to various objections ; as Ewan says (Phil. Mag., 1892, [v], 33, 
317): “It is quite possible that general absorption may exist in a 
spectrum which, not being sufficiently large altogether to extinguish 
the light at any place, may pass unnoticed.” In the latter method 
(compare B. E. Moore, Zeitsch. physikal. Chem., 1906, 55, 641), the very 
abundance of data obtainable has so far prevented any definite quanti- 
tative relations being deduced, although various observers have noticed, 
for example, the great depth of colour of the acetate solution, and that 
this diminishes on dilution. 

It seemed possible that a clearer view would be obtained by the 
direct quantitative determination of the depth of colour of the blue 
solutions of various cupric salts at varying dilutions. This we have 
endeavoured to carry out. The apparatus used was the Donnan 
tintometer (Zeitsch. physikal. Chem., 1896, 19, 465); the method of 
working is that of Donnan, slightly modified, as described by T. S. 
Moore and one of us (Zeitsch. physikal. Chem., 1907, 58, 385). The 
principle is simple. Two graduated glass tubes with plane glass 
bottoms are equally illuminated by an incandescent gas burner ; one 
is filled with the liquid to be examined, the other with a standard 
solution the height of which can be altered at will. The upper 
surface of the liquid in both tubes is free. Bya suitable arrangement 
of mirrors the lights transmitted by the two tubes are brought into 
immediate contiguity, and the level of the standard liquid adjusted 
until the two tints appear identical. The depth of colour of the liquid 
in the first tube is then directly proportional to the height of the 
standard liquid in the second. This apparatus will only compare two 
coloursthetintof whichis the same. Evenasmall difference in the nature 
of the colour makes it impossible to find a point of equality, and hence 
our measurements were necessarily limited by the concentration at 
which the green colour makes its appearance. 

The standard used was an approximately fifth-(molecular)-normal 
copper sulphate solution, slightly acidified with sulphuric acid in order 
to eliminate any influence of alkali dissolved from the glass. It was 
not necessary to know the exact strength of this standard, as its value 
was determined each day by comparison with a solution of known 
strength and depth of colour. The experimental tubes were found by 
calibration to be of equal diameter throughout. Hence, if a known 
volume of a copper solution is placed in the tube, and successive 
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quantities of water are added, the optical thickness (concentration of 
copper multiplied by thickness of layer) remains unaltered, the con- 
centration itself being measured by the height of the liquid in the 
tube. 

The simplest hypothesis is that the changes which accompany 
dilution, whether they consist in‘the breaking down of complexes, in 
ionie dissociation, or in changes in the state of hydration, do not 
involve any alteration in the absorption. If this is the case, the 
colour will be proportional to the optical thickness ; moreover, the 
(colourless) anion, since it does not affect the colour at infinite dilu- 
tion, will not affect it at any other dilution either. This, however, is 
not the case; the colour depends both on the concentration and on the 
nature of the anion, This dependence is most easily expressed by 
determining at various dilutions and for various salts what may be 
called the molecular depth of colour; that is to say, the amount of 
colour of a gram-molecule of the salt, dissolved in various quantities 
of water, and contained in a tube of uniform diameter, the colour of 
a gram-molecule of copper sulphate in 5 litres of water being taken as 
1. This magnitude we denote by C». 

The following example will make the method of calculation clear. 

Each solution was measured by both of us separately, the mean of at 
least four concordant values for each observer being taken. If these 
means were not themselves concordant (within 0°5 mm. on a total 
height of from 4 to 12 cm.) the measurements were repeated, The 
temperature of observation was 18°. 

Thus with cupric acetate the following values were obtained. 
Ten c.c. of a W/5 solution were taken and diluted to a height of 
5:22 cm. (volume=30c.c. JV, the volume of solution in litres con- 
taining 1 gram-molecule of the salt = 15). The readings of the standard 


were: 

N. V. S.* 3°80 cm. H. T. T.* 3°79 cm. 
3°80 ,, 3°80 
3°82 ,, 
3°79 ,, 
3°80 ,, 

Mean, 3°80 cm. 


Water was then added until the liquid stood at 6°09 cm. (Volume 
=35¢.c. V=17.) Readings: 


N. V. 8S. 3°75 cm. H. T. T. 38°70 cm. 
S71 ., 3°72 ,, 
3°71 ,, 3°70 ,, 
3°72 ,, 3°70 ,, 


3°72 45 S70 ., 
Mean, 3°71 cm: 
* Author’s initials. 
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The tube was then filled with the V/5-copper sulphate solution to a 
height of 8°70 cm. (=50 c.c.), and read again : 


N. V. 8S. 3° : By Be Be 


Mean, 3°69 em. 


Now, since 50 c.c. of the V/5 sulphate solution balance 3°69 cm. of 
the standard, 5,000 c.c. (containing 1 gram-molecule) in a tube of 
this diameter would balance 369 cm. This therefore is the unit of 
colour. 

In the first case quoted, 30 cc. of V/15 copper acetate balance 
3°80 cm. Hence 15,000 c.c. (one gram-mol.) would balance 
3°80 x 500 cm. Thus the value of C, for the acetate at V=15 is 


2m) = He 5°15. Similarly in the second case, where the optical 


369 
thickness is the same, C’, = ons » mn 5°02. 
369 

The salts examined fall into two classes, which gave very different 
results: (1) those of weak acids (propionate, acetate, formate, mono- 
chloroacetate), and (2) those of strong acids (sulphate, chloride, 
bromide, and nitrate). The salts of the second class are very difficult 
to measure accurately. Their colour is very much paler than that of the 
weak acid salts, even in the strongest solutions, and the change of 
colour with dilution, which is always an increase, is very small ; but 
we give the results for what they are worth. 

The weak acid salts, on the other hand, have a much deeper colour, 
which is deeper the weaker the acid, and the effect of dilution is much 
greater, and in the opposite direction, the colour diminishing with the 
concentration. 

In the following tables, V represents the number of litres containing 
a gram-molecule, 4 the mean height of the balancing column of 
standard, and C,, the molecular depth of colour. The measurements 
of copper sulphate give the height of standard required to balarice 
8°70 em. (50 c.c.) of the V/5 sulphate solution on each occasion. The 
temperature was in all cases 18°. 

1. Cupric Propionate.—Three series of observations were made. 
The first two, (@) and (6), were not compared with the sulphate, but 
were referred through the values for V = 20 to (c), which was 
directly compared with the sulphate. In (c) the liquid was diluted up 
to a height of 15°66 cm. (V=22'5) and then a portion was poured 
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away. The remainder, which measured 10°04 cm., was then further 
diluted, the necessary correction being applied in calculating C,: 


(a). 10 c.c. V/5 solution taken. (6). 10 cc. W/5 solution taken. 


hin cm. C,. A hin cm. C.. 
6°25 8:01 4°68 6°16 
4°77 6°12 3°80 (5°00) 
4°24 5°44 3°50 4°60 
3°90 (5°00) 3:39 4°46 

3°31 4°35 

3°16 4°16 


(c). 20c¢.c. V/5 solution. 


h in cm, Cr V. h in em. Cos 
8°32 5°62 27°5 4°43 4°63 
8°03 5°43 | 30 4°28 4°47 
7°73 5°22 | 32°5 4°20 4°40 
7°40 5°00 : 
7°19 4°86 Copper sulphate : 50 ¢.c. N/5 solution. 
4°65 4°86 5 3°70 1 
4°50 4°70 


2. Cupric Acetate: 10 c.c. V/5 solution. 


A in cm, C.. V. Ain em. C,. 
4°86 6°59 25 3°49 4°73 
4°39 5°95 30 3°38 4°58 
4°13 5°59 40 3°22 4°36 
3°99 5°41 : 
3.80 5°15 Copper sulphate : 50 c.c. V/5 solution. 
3°71 5°03 5 3°69 1 
3°61 4°89 


3. Cupric Formate. 


(a). 10 ¢.c, V/3 solution. (6). 10 cc. V/3 solution. 


V. hin cm. C,,. | V. hin em. Cn 
3 4°84 3°90 3 4°89 3°88 
9 4°03 3°25 | 6 4°32 3°43 
12 3°89 3°14 9 4°10 3°24 
15 3°88 3°13 | ' ‘ 
18 3°83 3-09 Sulphate : 50 c.c. W/5 solution. 
: | 5 3°78 1 
Sulphate : 50 c.c. W/5 solution. 
5 3°73 1 | 


4. Cupric Monochloroacetate : 10 c.c. normal solution. 


V~. h in cm. C.. Ps A in cm, C. 
13°97 3°74 7 9°44 2°53 
11°82 3°17 8 9°30 2°50 
10°92 2°92 9°6 8°89 2°38 
10°38 278 ’ 
10°08 2°70 | Sulphate : 50 c.c. WV/5 solution. 

0°85 2°64 5 3°73 1 
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5. Cupric Sulphate: 10 c.c. normal solution. 


A in cm. Cr». | ; hin cm. 
3°44 0°91 
3°62 0°95 
3°75 0°98 
3°72 0:98 


6. Cupric Chloride. 


(a). 10 .c. normal solution. (6). 10 .c. normal solution, 


A in em, c.. V. h in cm. &. 
3°45 0°96 2 3°69 0°95 
3°58 0°98 4 3°82 0°98 
3°63 1°01 6 3°83 0°98 
3°64 1°01 9 3°98 1°02 
3°61 1‘00 ’ 

Sulphate: 50 c.c. W/5 solution. 


Sulphate : 50 c.c. W/5 solution. 5 3°90 1 
5 3°61 1 


V. 


hin cm. C.. 
4°60 0°94 (still green) 
0°96 


7. Cupric Bromide: 20 c.c. 2/3 solution. 


3 
4°5 4°71 
5 470 0°96 
7 4°71 0°96 
Sulphate : 50 c.c. WV/5 solution. 
3°66 1 


8. Cupric Nitrate. 


(a). 10c.c. normal solution. (6). 10 ¢.c. 2X solution. 
V. A in cm. c. V. A in cm. OD 
3°91 1°08 0°5 8°24 1'14 
3°84 1°06 | 1 7°70 1:07 
3°89 1:07 15 7°65 1°06 
3°90 1°07 2 7°64 1 06 
3°91 1°08 ‘ 
3°97 1'10 Sulphate : 50 c.c. W/5 solution. 
4°06 1°12 5 3°61 1 


The curves given in Fig. 1 represent the relation between colour 
and concentration for the salts of weak acids. The curve for copper 
sulphate is added for comparison. It is not a straight line, but 
would appear practically straight on the scale employed. 

In the case of the strong acids, the concentrations which could be 
investigated were limited on the one hand by that at which the 
solution assumes a green tint (or in the case of the sulphate by the 
solubility), and on the other by that at which the colour (even with a 
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layer of 17 cm.) becomes too pale for measurement. This gives 
practically the limits of Vel to V=9. The variations of colour 


Fie. 1. 


| 


______| Dilution V 
10 2) 30 


within these limits are very small. They are represented in Fig. 2, 
the colour-scale being very large, but they cannot be regarded as 
having more than a qualitative value. 
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Discussion of Results. 


1. Weak Acid Salts—We may assume that at extreme dilution 
equivalent solutions of all cupric salts with colourless anions have the 
same tint and depth of colour. The value for infinite dilution cannot 
be determined by our method ; but from the course of the curves for 
strong acid salts, where the change of colour with dilution is small, 
and the dissociation even at V =9 is already very large, it is probable 
that the limiting value of C’, is less than 1°5. 

At the highest dilutions examined the salts of weak acids have a 
value of C, considerably higher than this, rising from about two for 
the chioroacetate to four for the acetate and propionate. As the con- 
centration increases, C’, increases also, and the more rapidly the 
weaker the acid,* until at about V=4, where it has reached for the 
acetate a value of 7, and for the propionate of more than 8, the solution 
begins to show a distinct greenish tinge, and further measurements 
become impossible. 

It is therefore evident that these cupric solutions contain at least 
two substances of the same blue tint, but differing in depth of colour. 
The identity of tint is especially to be noticed, as it is not at all what 
we should expect. As it appears that the depth of colour of cupric 
solutions depends, except at extreme dilution, on the nature of the anion, 
it is clear that this is due at least to the recombination of the anion 
with the cupric cation, and hence the view that ionisation has no effect 
on colour is incorrect. But it would seem that, at least in these cases, 
it is only the depth of colour that is affected by the anion, and not the 
tint. As has been explained, all the solutions we examined, whether 
of strong or weak acids, were comp:red with the same standard, a 4/5 
copper sulphate solution ; and up toa concentration of V/4 (in some 
instances much higher than this) no change of tint was observed, 
although the depth varied with the anion and the dilution in the pro- 
portion of 1 to 8. It follows that the cupric ion is capable of forming 
compounds in the solution of a different depth of colour, but of 
practically the same absorption in the visible part of the spectrum. 
These compounds may be of four kinds: either the univalent ions 
CuA* (where A represents a univalent anion) and the undissociated 
molecules CuA,, or complex ions such as CuA,”, or the products of 
hydrolytic dissociation, or hydrates of any of these molecular species. 
The last of these possibilities may be left out of account, as practically 
nothing is known as to the constitution of these hydrates or their 


* The dissociation constants of these acids are :— 


Propionic, Kx10* =0°134 Formic 
Acetic Monochloroacetic ... 
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influence on colour (compare Donnan, Zeitsch. physikal. Chem., 1905,53, 
317). The recent work of Jones and Uhler (Amer. Chem. J., 1907, 37, 
126, 207) is open to the general objections which apply to the 
spectrometric method, and, moreover, their plan of adding to the 
solution a colourless salt with the same anion must produce a dis- 
turbance of the ionic equilibrium the amount of which can scarcely be 
determined, and which they altogether fail to consider. The question 
of hydrolysis is one on which it is difficult to come to a definite con- 
clusion, and there are no determinations of the amount of hydrolysis 
of salts of the type MX,. But there are several reasons for«thinking 
that its influence is small, and may be, at least provisionally, 
neglected. In the first place, if hydrolysis were the determining 
factor in the change of colour, we should expect this change to be 
much more rapid with the salts of the weakest acids (acetate and 
propionate) than with those of the much stronger formic and chloro- 
acetic acids : whereas the reverse is the case. Again, it is not to be 
supposed that anything like complete hydrolysis has taken place at a 
dilution of V/40, at which the hydrolysis of sodium acetate is only 
0:02 per cent., and even that of potassium cyanide is less than 3 per 
cent. ; so that the colour-curves should still be tending downwards at 
this point, whereas they have become nearly horizontal. Finally, a 
rough idea of the influence of hydrolysis can be arrived at by 
observing the effect on the colour of adding free acetic acid to a 
copper acetate solution. The amount of hydrogen ions in the solution 
due to hydrolysis will be small compared with the total quantity of 
acetate ions, and hence the addition of free acid will greatly diminish 
the hydrolysis without much affecting the degree of ionic dissociation 
of the salt. Experiment showed that the colour of a solution of 1/6 
copper acetate was increased less than 1 per cent. by the presence of 
N/2 acetic acid. We therefore conclude that while hydrolysis must 
be regarded as a possible disturbing factor, it is not probable 
that it has an appreciable effect on our results. 

As regards complex ions, it is probable, as Donnan has shown, that 
it is to the presence of complex anions containing copper that 
the green or brown colour of concentrated solutions is due. 

We are therefore inclined to suggest that the point where the 
solution changes from green to blue is that at which these complex 
ions become negligible in quantity, and the solution contains no 
molecules other than CuA, and the ions CuA’, Cu’’, and A’, Of these, 
the last, as we know, will have no influence on the absorption, and 
may be neglected. The absorption will therefore be due to the three 
species CuA,, CuA’, and Cu” (or some of them) ; identical in tint, 
but differing in depth of colour ; and the change of colour on dilution 
will be caused by the production of the latter species at the expense of 
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the former. On extreme dilution only Cu’* ions remain, whatever the 
nature of the anion, and here therefore all copper salts give the same 
absorption: the value of C, for this, as we have shown, is probably 
between 1 and 1°5. If it were possible in any way to determine the 
amounts of CuA,, CuA’, and Cu" present in a solution, their colour- 
values could be calculated, and our hypothesis checked. But at 
present this does not appear to be possible. There is no means of 
measuring the amount of dissociation of a ternary salt, such as CuA,, 
The conductivity is no guide, since we cannot determine the velocity 
of the ion CuA’, and the indirect methods which have been suggested, 
such as the measurement of the concentration of the ion A’ by the 
solubility-product, are not sufficiently accurate. 

If there are appreciable quantities of all the three coloured substances 
CuA,,CuA’, andCu” present in the solution, both the changes CuA, —> 
CuA’ and CuA* —> Cu"* must occur on dilution. If the second of 
these occurs to an appreciable extent within the dilutions investi- 
gated, we should expect all the curves to tend to the same point, the 
colour of the Cu" ion, C,=1°5. We should also expect a change in 
the nature of the curve at the point where the second dissociation 
began to make itself felt. But neither of these conditions is fulfilled. 
There is no change in the nature of the curves, and they each tend to 
a different limit, which is always greater than 1°5. From these 
results, and especially from the second, we infer that only one 
dissociation is taking place, and that this is the first one, CuA, —> 
CuA*. This leads to a somewhat remarkable conclusion. It will be 
seen from the shape of the curves that whatever change has been 
going on during the dilution has very nearly reached its end at the 
highest dilutions observed, since at this point all the curves become 
very nearly horizontal. If, therefore, our view is correct, the second 
dissociation of a copper salt of a weak acid cannot begin to take 
place appreciably until the first has proceeded very far ; whereas in the 
analogous case of the dibasic organic acids Ostwald has shown that 
the second dissociation takes place appreciably when the first is only 
half completed. In other words, in the copper salts of weak 
monobasic acids the second dissociation constant is very much smaller 
compared to the first than it is in the case of the organic dibasic 
acids themselves. And the reason for this is not far to seek. Ostwald 
has pointed out for the latter that in analogous series the larger the 
first ionisation-constant, the smaller the second. This he explains 
by the fact that the proximity of the two carboxyl groups, which 
increases the first ionisation-constant, at the same time diminishes the 
second, as the negative charge produced by the loss of the first 
hydrogen ion resists the appearance of a second negative charge, 
which must occur if a second hydrogen ion were split off ; and does so 
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to a greater extent the nearer it is to the second carboxyl. Now the 
extreme case of this effect would be where the two negative charges 
had to appear on the same atom; and here we should expect the 
strongest resistance to the second stage of the dissociation. But this 
is precisely what occurs with the salts of a bivalent metal such as 
copper and a monobasic acid. 

If this view is correct, which seems at least possible, we have an 
explanation of the fact which appears very clearly from our curves, 
that the dissociation proceeds very far within the limits of dilution 
examined, and yet does not give any sign of the production of Cu” 
ions, which would lead to a value of C, below 1°5. 

Now, if a is the molecular depth of colour of the molecule CuA,, 
b that of the ion, CuA*, we have the relation, 


y=a(1 —x)+ bx ra eee 6 ae Gg om We (1), 


where C’, is the colour at dilution V, and x is the degree of dissociation. 
Further, if we assume Ostwald’s law, which recent research has shown 
to be probably justifiable even for strong electrolytes, we have 


- 9 
aie = Ee ok ee ee, 


By differentiating and eliminating « we arrive at the equation : 


kV - 1) (a- Cy+ ry) =(« a Co 2V 5). (3). 


dV. aV dV 


Now pets at any point may be obtained from the curve, so that we 
get a relation between a and k, By taking two points we can obtain 
values of a and &; their accuracy naturally depends on that of the 


curve and on that of the observation of a From these values of a 


and & we can calculate b for every other point on the curve by means 
of equations (1) and (2). 

The results we arrived at by applying this method to the weak acid 
curves confirm our hypothesis, as constant values of 6 are obtained in 
each case, while «, the degree of dissociation, rises to over 90 per cent, 
But as the numbers cannot, for the reasons we have given, be regarded 
as absolutely correct, but only relatively so, we propose to reserve 
their publication until we have obtained more trustworthy data. 

(2). Strong acids, Here a regular curve was in no case obtained, 
but the curves all follow roughly the same course. ‘The colour on the 
whole increases on dilution, but the change is very small. The case of 
the nitrate is of interest. At the point where the bromide and chloride 
become green, the colour of the nitrate (which is always blue) begins 
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to increase rapidly. This indicates that in this case the complex ions 
have the same tint as the Cu(NO,), molecule, but are deeper in 


colour. 


DavuBENY LABORATORY, 
MAGDALEN COLLEGE, 
OXFORD. 


XIX.— Organic Derivatives of Silicon. Part IV. The 
Sulphonation of Benzylethylpropylsilicyl Oxide and 
of Benzylethyldipropylsilicane. 

By Hersert Marspen, B.Sc. (Vict.), and Frepgric STANLEY 
KIPPING. 


PHENYLBENZYLETHYLPROPYLSILICANE is hydrolysed by hot sulphuric 
acid giving benzene and benzylethylpropylsilicol (Kipping, Trans., 
1907, 91, 212) ; the latter undergoes sulphonation, yielding an acid 
which was regarded as the disulphonic derivative of benzylethyl- 
propylsilicyl oxide and to which the constitution 
SO,H-C,H,°CH,*SiEtPr-O-SiEtPr:CH,-C,H,-SO,H 

was assigned. Subsequently (Kipping, Trans., 1907, 91, 727) this 
same sulphonic acid was obtained by the sulphonation of benzylethyl- 
propylsilicol, prepared directly by decomposing benzylethylpropyl- 
silicyl chloride with water. 

As this sulphonic acid is the only compound containing an 
asymmetric silicon group which, so far, has been resolved, and as the 
evidence that it was derived from the oxide and not from the silicol 
was, perhaps, not quite conclusive, we have made some further 
experiments in order to settle the matter. 

For this purpose we examined the product of high boiling point 
which is formed together with benzylethylpropylsilicol when benzyl- 
ethylpropylsilicyl chloride is decomposed with water, and found, as 
was indeed expected (loc. cit., p. 726), that it consisted of the oxide 
(BzEtPrSi),O ; this compound was then sulphonated with sulphuric acid 
and alse with chlorosulphonic acid. In both cases the product was a 
mixture of acids, from which the isolation of a pure compound proved 
to be a task of some difficulty ; ultimately, however, we obtained 
from both preparations an acid (in the form of its /-menthylamine 
salt) which was found to be identical with that previously described 
as sulphobenzylpropylsilicy! oxide. 

Now as benzylethylpropylsilicyl oxide and other oxides of like 
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nature are relatively very stable, whereas benzylethylpropylsilicol and 
other silicols are unstable and pass readily into the corresponding 
oxides, it seems extremely improbable that the oxide in question 
would be converted into the silicol during the process of sulphonation 
or subsequent treatment, and therefore the sulphonic acid may be re- 
garded as derived from the oxide ; as, moreover, this conclusion is 
fully borne out by the results of numerous analyses of the /-menthyl- 
amine salt which have been made in the course of these experiments, 
there is now not much room for doubt that the optically active 
silicon compounds recently described (/oc. cit., p. 234) are deriva- 
tives of benzylethylpropylsilicyl oxide. 

The resolution of the sulphonic derivative of benzylmethylethyl- 
propylsilicane, BzMeEtPrSi, and of other compounds containing only 
one asymmetric silicon group having so far been unsuccessful, we 
studied the sulphonation of phenylbenzylethy]propylsilicane, 

PhBzEtPrSi, 

with chlorosulphonic acid, in the hope that this agent would not have 
the hydrolysing action of sulphuric acid ; unfortunately, however, we 
were unable to prepare the simple sulphonic derivative of this silico- 
hydrocarbon, since the phenyl group was eliminated previous to, or 
during, sulphonation, and the same acid was obtained as by the use of 
sulphuric acid. The great difference in the behaviour of the phenyl 
and benzyl groups when combined with silicon is again shown by 
these results, and it may be noted that in these, as in other 
experiments, the phenyl radicle alone seems to be easily displaced. 

This paper also contains an account of the investigation and 
utilisation of certain by-products which had accumulated in the 
preparation of silicon derivatives. Thus from a mixture of benzyl- 
ethylsilicon dichloride and benzylethylpropylsilicyl chloride, obtained 
in the preparation of the latter, we prepared benzylethyldipropylsilicane, 
BzEtPr,Si, and sulphonated this silico-hydrocarbon in order to compare 
the acid with the dl-derivative of benzylmethylethylpropylsilicane 
(loc. cit., p. 731). Although one of these sulphonic derivatives is 
externally compensated, whereas the other is not, there is very great 
similarity in properties even when they are combined with an 
asymmetric base; the l-menthylamine salt of benzylethyldipropyl- 
silicanesulphonic acid, for example, is indistinguishable by inspection 
from the corresponding salt of d/-benzylmethylethylpropylsilicane- 
sulphonic acid and the resemblance in all ordinary properties is very 
striking ; the cinchonidine and quinine salts of the two acids are also 
very similar, and the results of the comparison point strongly to the 
conclusion that these derivatives of the d/-acid are mere mixtures and 
not definite partially racemic salts. 

Diphenylethylsilicyl chloride, Ph,EtSiCl, was isolated from a by. 

P 2 
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product obtained in the preparation of phenylethylsilicon dichloride 
(loc. cit., p. 215), but the corresponding silicol could not be obtained 
in a pure state owing to the readiness with which it passes into 
diphenylethylsilicyl owide, (Ph, EtSi),O, a crystalline compound melting 
at 65°5°. 
Triphenylethylsilicane, Ph,EtSi, and triphenylmethylsilicane, 
Ph, MeSi, 
were also prepared from triphenylsilicyl chloride. 


Benzylethylpropylsiticyl Oxide, (BzEtPrSi),0. 


When benzylethylpropylsilicyl chloride is decomposed with water 
it yields a mixture of benzylethylpropylsilicol (Trans., 1907, 91, 726) 
and benzylethylpropylsilicyl] oxide; the two compounds are easily 
separated by fractional distillation under reduced pressure (25 mm.), 
the silicol boiling at about 155°, the oxide at about 256°. A sample 
of the oxide boiling at 271—272° (50 mm.) was analysed : 

0°2403 gave 0°6313 CO, and 0:2079 H,O. C=716; H=9°6. 

C,,H,,OSi, requires C= 72'2 ; H=9°5 per cent. 

Benzylethylpropylsilicyl owide is a rather viscid, colourless, almost 
odourless liquid, insoluble in water, but miscible with the ordinary 
organic solvents. 


Sulphonation of Benzylethylpropylsilicyl Owide with Sulphuric Acid. 


When benzylethylpropylsilicyl oxide in quantities of about 
10 grams at a time is treated with 14—2 volumes of sulphuric acid 
only a slight rise in temperature occurs ; on heating quickly and 
shaking vigorously a very viscous, homogeneous fluid results, and by 
the time the temperature has risen to 70° or 80° sulphonation is com- 
plete, as shown by the solubility of the product in a moderately large 
quantity of water. The rapidity with which sulphonation occurs 
seems to be rather greater than in the case of the corresponding 
silicol, as was perhaps to be expected. 

In the hope of isolating a crystalline ammonium salt, the aqueous 
solution of the acid was neutralised with ammonia, the ammonium 
sulphate separated by the method previously described (oc. cit., p. 225), 
and the dried syrupy ammonium salt of the sulphonic acid dissolved in 
methyl alcohol ; on adding a large volume of ethyl acetate to this 
solution, practically the whole of the dissolved salt was precipitated 
as a buttery mass, and the mother liquor did not contain any 
appreciable quantity of dissolved matter; this behaviour is very 
different from that of the crude ammonium salt obtained from the 
sulphonation product of benzylethylpropylsilicol; moreover, fractional 
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precipitation of the buttery ammonium salt with ethyl acetate, 
from its solution in methyl alcohol, failed to alter its character 
appreciably, so that no crystallised ammonium sulphobenzylethyl- 
propylsilicyl oxide could be isolated. This result seemed to show 
that the sulphonation products of the silicol and of the oxide were 
entirely different, but as a matter of fact they both contain 
sulphobenzylethylpropylsilicyl oxide, and the great difference in 
behaviour of the crude ammonium salts must be attributed to the 
accompanying by-products; why the latter should be so different it 
is difficult to conjecture. This method of purification having failed, 
the crude ammonium salt was treated in aqueous solution with 
l-menthylamine hydrochloride, and the oily precipitate of menthyl- 
amine salt separated ; this was fractionally crystallised from ice-cold 
aqueous acetone, from which a considerable proportion was deposited 
in a flocculent condition, the remainder as an oil. After many 
recrystallisations, employing aqueous acetone, aqueous methyl alcohol, 
or wet ethyl acetate, some of the menthylamine salt was obtained 
in opaque nodules melting, when previously dehydrated, at about 
215—220°; the further purification of this product proved to be 
very troublesome, but when systematically recrystallised, using 
aqueous acetone and wet ethyl acetate alternately for each series 
of operations, it finally yielded a well-defined, crystalline menthyl- 
amine salt melting at about 230°. 

The details of these operations are omitted, but it may be 
noted that the great difficulty met with in isolating this salt is 
doubtless due to the presence of an isomeride which has not only 
a most baneful effect in preventing crystallisation, but which also 
remains very tenaciously in the crystalline deposits; when a con- 
siderable proportion of this isomeride is present, the mixture of 
salts is readily soluble in cold, wet ethyl acetate, whereas the pure 
compound melting at about 230° is practically insoluble. 

The menthylamine salt (m. p. 230°) obtained in this way from the 
oxide resembled /-menthylamine sulphobenzylethylpropylsilicyl oxide 
(loc. cit. pp. 229, 729) in appearance, and like the latter crystallised 
with four molecules of water; a mixture of the two salts melted at 
the same temperature as its components : 


:2105 dried in the air lost 0°0165 H,O at 100°. H,O=7°8. 
C,,H,g.0,N,S8,Si, + 4H,O0 requires H,O = 7°65 per cent. 
01662 gave 0°3682 CO, and 01377 H,O. C=60-4; H=9°2. 
01925 ,, 04267 CO, ,, 0°1598 HO. C=60-4; H=9°2. 
C,,H,,0,N,8,Si, requires C = 60°38; H=9°2. 


The equivalent of the salt was also determined, the value obtained 
being 437'2 instead of 434:4 required by theory. 
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The specific rotation was observed in methyl-alcoholic solution ; 
0°3558, made up to 25 c.c. in a 2-dem. tube, gave a —0°49°, whence 
[a]p —17°1°. 

All these results agree with those required for the menthylamine 
salt of a disulphonic acid derived from the oxide (SiEtPrBz),0, and if 
the identity of this salt with that previously described is established, 
little doubt will remain as to the constitution of the latter. 

Now in one respect the menthylamine salt isolated from the sulphona- 
tion product of the oxide appeared to differ from that obtained 
directly from pure ammonium sulphobenzylethylpropylsilicy] oxide ; it 
did not seem to crystallise quite so readily or to form such large 
erystals.* For this reason some of the /-menthylamine salt prepared 
from the oxide was converted into sodium salt, and from the latter the 
cinchonidine and d-bornylamine salts were prepared ; the cinchonidine 
salt melted at 148—150° and its specific rotation in methyl alcohol was 
[a]p —71°1°, values agreeing closely with those of the cinchonidine 
sulphobenzylethylpropylsilicyl oxide previously prepared from the 
silicol (loc. cit., p. 232); the properties of the bornylamine salt also 
agreed with those of the corresponding bornylamine salt from the 
silicol. There can be no doubt therefore that the silicol and the oxide 
yield one and the same acid when sulphonated under similar conditions, 
and that the sulphonic acid which has been resolved is in fact a deriva- 
tive of the oxide. The by-products or other acids formed during these 
sulphonations have not yet been isolated. 


Sulphonation of Benzylethylpropylsilicyl Oxide with Chlorosulphonic 
Acid, 


The use of chlorosulphonic acid for the sulphonation of benzyl- 
methylethy]propylsilicane gave results so much better than those ob- 
tained with sulphuric acid that it seemed advisable to try the action of 
the first-named agent on benzylethylpropylsilicyl oxide. 

Chlorosulphonic acid (2 mols.) diluted with chloroform was added to 
a well-cooled solution of the oxide (1 mol.) in about five volumes of 
chloroform ; sulphonation occurred rapidly, with evolution of hydrogen 
chloride, and the solution was then immediately poured into water, 
and the chloroform distilled in steam ; the clear aqueous solution of 
the acid was neutralised with ammonia, treated with excess of /-menthyl- 
amine hydrochloride, and the oily menthylamine salt separated and 


* This difference between the two salts is possibly caused by some slight differ- 
ence in the relative quantities of their components. The salt prepared directly 
from the ammonium salt contains equal quantities of dAlB and 7AJB, whilst that 
finally obtained from the oxide may contain unequal quantities of these components, 
partial resolution having occurred as a result of repeated fractional crystallisation. 
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washed ; it soon solidified, and was then fractionally crystallised from 
aqueous acetone. The several deposits were further treated system- 
atically with moist ethyl acetate and acetone, alternately, and finally 
a menthylamine salt, melting at about 230°, was isolated. 

This preparation was proved to be identical with the compound 
obtained by sulphonating the oxide with sulphuric acid; the 
dehydrated salt was analysed : 

02044 gave 0°4532 CO, and 0:1705 H,O. C=605; H=9°3. 

01661 ,, 0°3675 CO, ,, 0°1409H,O. C=603; H=9-4. 

0:2133 ,, 04742 CO, ,, 0°1848 H,O. C=606; H=9°6. 

C,,H,,0,N,S8,Si, requires C= 60°8 ; H =9°2 per cent. 

The isolation of a pure menthylamine salt from the product just 
described seemed to offer less difficulty than when sulphuric acid was 
used as the sulphonating agent, but as the two series of experiments 
were carried out at rather distant intervals, the behaviour of the two 
crude preparations was not directly compared. 


Sulphonation of Phenylbenzylethylpropylsilicane with 
Chlorosulphonic Acid. 


Since phenylbenzylethylpropylsilicane is hydrolysed by sulphuric 
acid with separation of benzene (Joc. cit., p. 223), some experiments 


were made to see whether hydrolysis could be avoided, and a mono- 
sulphonic derivative of the silico-hydrocarbon obtained by using 
chlorosulphonic acid. 

Pure phenylbenzylethylpropylsilicane was dissolved in chloroform, 
and chlorosulphonic acid (1 mol.), also dissolved in chloroform, was 
slowly added, cooling in ice: towards the end of the operation 
hydrogen chloride was evolved, but on testing a small quantity of the 
solution it was found to contain a large proportion of an oil which 
was insoluble in water. A chloroform solution of chlorosulphonic 
acid (1 mol.) was then slowly run in, testing from time to time, but it 
was not until the whole of this had been added that the sulphonation 
was complete. These observations seemed to show that the silico- 
hydrocarbon was first decomposed by the chlorosulphonic acid, 
probably in accordance with the following equation: SiPhBzEtPr + 
8O0,HCl = SiBzEtPrCl + C,H,°SO,H. 

The chloroform having been distilled in steam, the clear aqueous 
solution was neutralised with ammonia, and treated with excess of 
l-menthylamine hydrochloride: the precipitated menthylamine salt 
soon solidified and was repeatedly crystallised, using first aqueous 
acetone, then anhydrous acetone, and finally wet ethyl acetate ; from 
the last-named solvent the salt was ultimately obtained in colourless, 
lustrous, hydrated crystals melting at about 230°. 
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The anhydrous salt was analysed : 

0:1888 substance gave 0-4192 CO, and 0'1573 H,O. C= 605; H=9°3. 

01628 —,, », 0°3625C0, ,, 01376 H,O. C=60-7; H=9-4, 

These results agree with those (C=60°8 ; H=9-2) required for the 
menthylamine salt derived from benzylethylpropylsilicyl oxide, and 
the identity of this preparation with the latter was completely estab- 
lished. The action of chlorosulphonic acid on the silico-hydrocarbon, 
therefore, is similar to that of sulphuric acid as regards the elimination 
of the pheny] radicle. 


Benzylethyldipropylsilicane. 


In the preparation of benzylethylpropylsilicyl chloride from mole- 
cular proportions of benzylethylsilicon dichloride and magnesium 
propyl bromide, a considerable proportion of the dichloride seems to be 
unchanged (Joc. cit., p. 722) ; after fractionally distilling the product 
many times, and separating the benzylethylpropylsilicyl chloride and 
compounds of higher boiling point, there remains a liquid which 
‘passes over from about 180—190°, and which is doubtless a mixture 
of the dichloride and its propyl derivative. 

This material was utilised for the preparation of benzylethyldi- 
propylsilicane, and for this purpose it was treated with excess of 
magnesium propyl bromide in the usual way; in order to ensure 
complete interaction the ether was then distilled and the pasty mass 
heated in an oil-bath at 130° for about two hours. After cooling and 
dissolving the magnesium salts in water, the oily product was separ- 
ated and submitted to systematic fractional distillation. The liquid 
finally collected at 178° (50 mm.) was redistilled under atmospheric 
pressure and the portion boiling at 280° was analysed : 

0°1708 gave 0°4710 CO, and 0°:1729 H,O. C=75:2; H=11°2. 

C,,H,,Si requires C=76°8 ; H=11°1 per cent. 


Benzylethyldipropylsilicane is a colourless, mobile, highly refractive 
liquid, very similar to benzylmethylethylpropylsilicane and other 
homologues which have already been described. 


Sulphonation of Benzylethyldipropylsilicane with Chlorosulphonie Acid. 


The sulphonic derivative of benzylethyldipropylsilicane was obtained 
very easily by treating the silico-hydrocarbon with chlorosulphonic 
acid ; the operation was carried out in chloroform solution, and the 
acid then converted into its ammonium salt exactly as described in the 
preparation of ammonium benzylmethylethylpropylsilicanesulphonate 
(loc. cit., p.; 739.) The ammonium salt was next treated with 
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]-menthylamine hydrochloride in aqueous solution, and the colourless, 
solid precipitate separated by filtration. 


1-Menthylamine Benzylethyldipropylsilicanesulphonate, 
SiEtPr,-CH,°C,H,°SO,H,C,,H,,.°NH,. 


The crude salt is readily soluble in wet light petroleum, but 
separates on cooling in lustrous, rather poorly defined plates ; after 
repeated crystallisation from this solvent it is obtained in a pure 
condition, a small quantity of some oily by-product passing into the 
mother liquors. 

A sample of the salt dried in the air until constant was heated 
at 100°: 


0:2240 lost 0°0159 H,O. H,O=7'1. 
C,,H,,0O,NSSi + 2H,O requires H,O =7'1 per cent. 
An analysis of the anhydrous salt gave the following result : 
0:1143 gave 0:2667 CO, ; 0°1050 H,O. C=63°6; H=10°2. 
C,,H,,O,NSSi requires C= 63-9 ; H = 10-0 per cent. 
The equivalent of the salt was also determined by the method 
previously used; the value obtained was 470°8 instead of 469°4 


required by theory. 
The specific rotation was determined in methyl-alcoholic solution : 


0:589, made up to 25 c.c. in a°2-dem. tube, gave a —0°70°, whence 
[a] — 14°9°. 


Anhydrous menthylamine benzylethyldipropylsilicanesulphonate melts 
at 135°, the hydrated compound at 62°5—63°; it is practically in- 
soluble in water, but very readily soluble in all the ordinary organic 
solvents, including dry light petroleum ; a concentrated solution of 
the salt in this solvent does not yield crystals when kept over 
sulphuric acid, but on adding a little water, the hydrated compound 
separates almost immediately on the water globules, and when the 
petroleum is thoroughly wetted almost the whole of the salt is quickly 
deposited. 

In this respect, in outward properties, and in general behaviour this 
salt closely resembles the corresponding derivative of d/-benzylmethyl- 
ethyl propylsilicanesulphonic acid (Joc. cit., p. 735), so closely, in fact, that 
the latter can hardly be regarded as a definite partially racemic 
compound. The specific rotation of the salt of the dipropyl derivative 
is also very nearly the same as that of the derivative of the externally 
compensated acid, which was found to be [a], — 15° in methyl-alcoholic 
solution. : 
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Cinchonidine Benzylethyldipropylsilicanesulphonate. 


The pure menthylamine salt was decomposed with the theoretical 
quantity of sodium carbonate, the menthylamine distilled in steam, and 
the resulting sodium salt treated with cinchonidine hydrochloride, 
(C,,H,.ON,,HC1+2H,0), in aqueous solution; the precipitated 
cinchonidine salt was then recrystallised several times from aqueous 
alcohol, from which it separated in lustrous prisms melting at 
191—192°. The salt is readily soluble in most of the ordinary organic 
solvents, but only sparingly so in cold ethyl acetate or ether, and 
practically insoluble in light petroleum or water. 

Its specific rotation was determined in methy]-alcoholic solution : 


0°4797, made up to 25 c.c. in a 2-dem. tube, gave a — 2°66°, whence 
[a] om 69°3°. 
The resemblance between this salt and the corresponding derivative 
of the dl-acid (loc. cit., p. 743) is extremely close, the latter melting 
at 194—195°, and having a specific rotation [a], — 72°. 


Cinchonidine Hydrogen Benzylethyldipropylsilicanesulphonate. 


This salt was obtained by treating the normal salt with excess of 
hydrochloric acid in methyl-alcoholic solution and then precipitating 
with water ; the oily product soon solidified, and was then recrystal- 
lised from aqueous acetone. It crystallises in needles, melting and 
decomposing at 222—224°, and resembles the corresponding salt of the 
dl-acid in its behaviour towards solvents. 


Quinine Benzylethyldipropylsilicanesul phonate. 


The addition of a solution of quinine hydrochloride to a solution of 
the sodium salt caused the precipitation of an oil which soon solidified. 
The precipitate was washed well with water and crystallised from a 
mixture of ethyl acetate and light petroleum until a constant melting 
point was attained. 

The salt formed long, colourless, lustrous needles, melted sharply at 
175°, and was readily soluble in ethyl acetate, alcohol, acetone, ether, 
or benzene, but practically insoluble in light petroleum or water. 

Its specific rotation was determined in methyl-alcoholic solution : 


0:216, made up to 25 c¢.c. in a 2-dem. tube, gave a — 1°94°, whence 
[a]p - 112°3°, 
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Quinine Hydrogen Benzylethyldipropylsilicanesulphonate. 


This compound was obtained from the normal salt in the usual 
manner and crystallised from aqueous methyl alcohol, from which it 
separated in long, colourless needles melting at 223—224°. It was 
soluble in chloroform, but practically insoluble in ethyl acetate, 
anhydrous acetone, or ether. This, and the normal quinine salt, 
were very similar to the corresponding derivatives of the dl-acid (Joc. 
cit., p. 742). 


Diphenylethylsilieyl Chloride, SiPh,EtCl. 


The interaction of ethylsilicon trichloride and magnesium phenyl 
bromide has already been described (/oc. cit., p. 215), and it has been 
stated that after isolating the main product, phenylethylsilicon 
dichloride, by fractional distillation there remains a considerable 
quantity of a dark yellow or brown oil boiling above 240° (atmospheric 
pressure). This by-product, accumulated from many preparations, was 
submitted to systematic fractional distillation under reduced pressure, 
using a rod and disk column, and ultimately, after separating the 
diphenyl, three silicon compounds were isolated from it, namely, 
diphenylethyl]silicyl chloride, triphenylsilicyl chloride, and tripheny]l- 
silicol. 

Diphenylethylsilicyl chloride is a fuming, mobile liquid, boiling at 
about 240° (115 mm.) and at 206—208° (50 mm.); the freshly- 
distilled liquid was colourless, but after a short time some of the 
fractions became pink, some green, probably owing to traces of 
impurity. The fraction collected at 206—208° (50 mm.), after many 
distillations under different pressures, did not alter in boiling point 
appreciably when re-distilled, and on analysis : 

09329 gave 0°5524 AgCl. Cl=14°6. 

A volumetric estimation of the chlorine in the same sample gave : 
Cl=14:1. 

C,,H,,CISi requires Cl=14°4 per cent. 

Diphenylethylsilicy] chloride reacts readily with p-toluidine in light 
petroleum solution, but the product could not be separated from the 
p-toluidine hydrochloride without adding water, the result being that 
the toluidide was completely decomposed. 


Diphenylethylsilicyl Oxide, (Ph, EtSi),0. 


Diphenylethylsilicol, like benzylethylpropylsilicol (oc. cit., p. 726) 
and phenylethylpropylsilicol (oc. cit., p. 219), shows a great tendency 
to pass into the corresponding oxide, and up to the present no 
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preparation giving satisfactory analytical results has been obtained. 
When diphenylethylsilicyl chloride is decomposed with water, the 
resulting oil extracted, and kept over sulphuric acid, a crystalline 
substance is deposited in the course of a few days. This product is 
the oxide ; it separates from aqueous methyl alcohol in well-defined, 
colourless, rhomboidal plates melting at 65—66°, and is readily soluble 
in the common alcohols, but only moderately so in cold chloroform, 
ether, light petroleum, or benzene : 

0°1487 gave 0°4141 CO, and 0:0927 HO,. C=76:0; H=6°9. 

01591 ,, 0°4446 CO, ,, 00980 H,O. C=76-2; H=6'8. 

C,,H,,OS8i, requires C= 76°6 ; H=6°8 per cent. 

The conditions under which the silicol passes into the oxide and 

vice versa have not yet been studied. 


Triphenylsilicyl Chloride, Ph,SiCl. 


The fractions of the crude by-product (p. 207) collected from about 
260—330° (50 mm.) solidified more or less completely, and the crystal- 
line deposit was separated by filtration and then washed with light 
petroleum in a stream of dry air. After several crystallisations from 
boiling light petroleum, in which the substance was readily solulle, it 
was obtained in colourless prisms melting at 110—111°. This product 
did not fume appreciably in the air, but as it was readily decomposed 
by water, it was necessary to exclude all moisture during its purifica- 
tion ; it gave an immediate precipitate of gilver chloride when added 
to an alcoholic solution of silver nitrate, and on exposure to the air it 
underwent decomposition, giving, after many days’ exposure, a sample 
of triphenylsilicol melting at about 145—147°. 

The following analysis of the compound and its behaviour towards 
water showed that it was triphenylsilicyl chloride : 

02507 gave (volumetrically) 0°0303 Cl. Ci=12°1. 

C,,H,,CISi requires Cl = 12-0 per cent. 

The occurrence of this compound in the product of the interaction of 
ethylsilicon trichloride and magnesium phenyl bromide is possibly due 
to the presence of silicon tetrachloride as impurity in the ethyl deriva- 
tive used, but as the latter had been carefully fractionated, and as 
the relative quantity of the triphenyl derivative was considerable, it 
may be that the ethyl is displaced by the phenyl group during the 
interaction. 

It may be noted that triphenylsilicyl chloride was first obtained in 
small quantities by Kipping and Lloyd (Trans., 1901, 79, 449), but 
the melting point given by them is far too low; unless there is 
plenty of material at disposal for recrystallisation, it is difficult to 
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avoid some slight decomposition by atmospheric moisture, and the 
melting point then rapidly falls. 


Triphenylsilicol, Ph,SiOH. 


The fractions of the by-product (p. 207) collected from about 
330—380° (50 mm.) also solidified partly, owing to the deposition of a 
compound free from halogen ; this was separated and recrystallised 
from a mixture of ether and light petroleum, from which it was 
obtained in lustrous prisms melting at 150°5—151-5° (uncorrected) : 

0:2099 gave 0°6042 CO, and 0:1142 H,O. C=785; H=6:0. 

C,,H,,OSi requires C=78°2 ; H=5°8 per cent. 

This compound was identified as triphenylsilicol, the presence of 
which might naturally be ascribed to the unavoidable action of 
atmospheric moisture on the corresponding chloride during distilla- 
tion, &c., but as it was obtained in such large relative quantities 
its occurrence may possibly be due to the decomposition of the ether 
used in the Grignard reaction. 

The melting point of triphenylsilicol has been variously given as 
139—141° (Polis, Ber., 1886, 19, 1019), 148° (Kipping and Lloyd, 
loc. cit.), 155° (Dilthey and Eduardoff, Ber., 1904, 37, 1139), 


148—150° (Ladenburg, Ber., 1907, 40, 2274); a sample of the 
silicol prepared from the chloride was repeatedly crystallised from a 
mixture of ether and light petroleum until three successive fractions 
melted simultaneously ; this preparation had the melting point given 
above (150°5—151°5°). 


Triphenylethylsilicane, SiPh, Et. 


This silico-hydrocarbon was prepared by treating triphenylsilicyl 
chloride with excess of magnesium ethyl bromide; as no rise in 
temperature occurred on mixing the reagents, the ether was dis- 
tilled off, and the residue heated in an oil-bath at 130° for three hours. 
After cooling and adding water, the product, which separated as a 
colourless solid, was crystallised several times from light petroleum. 
The yield was practically theoretical : 

0:1771 gave 05390 CO, and 0°1113 H,O. C=83:0; H=7°0. 

C,H. Si requires C= 83-2; H=6-9 per cent. 

Triphenylethylsilicane crystallises in rhomboidal prisms melting at 
76°, and is readily soluble in light petroleum, ether, chloroform, 
benzene, ethyl acetate, or acetone, only moderately so in alcohol, and 
insoluble in water. 

This silico-hydrocarbon seems to have been obtained recently by 
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Ladenburg * (Ber., 1907, 40, 2274), together with triphenylsilicane, 
by heating triphenylsilicyl bromide with zinc ethyl; according to 
Ladenburg, the melting point is 72—74°. 


Triphenylmethylsilicane, SiPh,Me. 


This compound was prepared from triphenylsilicyl chloride and 
magnesium methyl iodide in a similar manner, heating at 130° for 
three hours. It was purified by recrystallisation from light petroleum, 
a theoretical yield being obtained : 

0°1773 gave 0°5389 CO, and 0°1053 H,O. C=82°9; H=6°6. 

C,,H,,Si requires C = 83°1 ; H =6°6 per cent. 

This compound melts at 67—67:5°, but otherwise it resembles the 

ethyl derivative very closely. 


Government grants, for which the authors are greatly indebted to 
the Committee of the Royal Society, have been used to cover a portion 
of the cost of this investigation. 


UNIVERSITY COLLEGE, 
NorrincHAM. 


XX.—The Esterification Constants of the Normal 
Fatty Acids. 


By Joun JoszrpH Supsoroven and James Mytam Girtins. 


In previous papers (Trans., 1899, 75, 467; 1904, 85, 534; 1905, 
87, 1840; 1907, 91, 1033), the esterification constants of the acids 
belonging to different series have been tabulated, and important 
conclusions drawn between constitution and rate of esterification, but 
so far quantitative measurements of the velocities of esterification of 
the normal fatty acids have not been made. We have made a series 
of determinations for the commoner normal acids, and the results are 
recorded in the present paper. We wished to determine these constants, 
not merely for their own sake, but also because we desired to compare 
these values with those obtained for the phenylated acids of formule 
C,H,*CO,H, C,H,*CH,"CO,H, C,H,-[CH,],-CO,H, C,H,*[CH,],-CO,H, 
* According to Ladenburg (oc. cit.), triphenylsilicol dissolves in fuming sulphuric 
acid on warming gently, and is converted into its trisulphonic acid. This state- 
ment was so difficult to reconcile with the results obtained by Kipping and Lloyd 
(loc, cit.), and also with more recent experience on silicon compounds, that a com- 
munication was made to Prof. Ladenburg on the subject, and in consequence he has 
expressed his intention of dealing with the matter in the Berichte.—F. 8. K. 
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and O,H,*[CH,],-CO,H. We also wished to compare the values 
obtained for certain unsaturated acids with those of their saturated 
analogues, and finally we desired to make a comparison between the 
fatty acids and some of the simpler ketonic acids in order to deter- 
mine the effect of the replacement of two atoms of hydrogen by one 
of oxygen on the rate of esterification. The values obtained for the 
phenylated and ketonic acids we hope to present shortly to the Society. 

The methyl alcohol used in the experiments described in this paper 
was Kahlbaum’s No. 1, free from acetone, and was purified by being 
boiled with 1°5 per cent. of metallic calcium in the form of turnings 
and subsequent distillation (compare Klason and Norlin, Arkiv. Kem. 
Min. Geol., 1906, 2, No. 24). The reaction between the alcohol and 
metal is much more vigorous when the metal has been freshly turned ; 
bought turnings have but little action. The specific gravity of the 
purified alcohol was D/® 0°7952, and it was found to give values 
for cinnamic acid within 2 per cent. of those obtained by samples of 
methyl alcohol previously used, so that these results are comparable 
with those obtained for other acids with the exception of a few un- 
saturated acids (Trans., 1907, 91, 1033). The method of procedure was 
similar to that previously described (Trans., 1899, 75, 471; 1904, 
85, 541). 

The values E}y..,, which we have obtained are as follows : 


Acid. Eneou: 
Formic H°CO,H 
i CH,°CO,H 
Propionic CH,°CH,"CO,H 
n-Butyric CH,*(CH,].°CO.H 
n-Valeric CH,*[CH,],°CO, 1 
n-Hexoic...... CH,*(CH,],°CO,H 
i CH,*[CH,],"CO.H 
n-Octoic ... .. .. CH,*[CH,],°CO,H 
n-Nonoic CH,*[CH,],°CO,H 
i CH, (CH,, °CO,H 
CH;" [CHg4};9°CO,H 
Myristic CH,*[CH.],.°CO,H 
Palmitic CH,°[CH. ha CO,H 
Stearic CH," [CHohis” CO,H 


Oe OF On OF OL OT Or Or 
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The results clearly show the inhibiting effect produced by introducing 
small radicles, such as methyl and ethyl, into the formic acid molecule. 
Equally clear is the fact that from butyric acid onwards the rates are 
very nearly the same for the different acids, so that an increase in the 
length of the normal chain produces little or no effect on the rate of 
esterification. 

The values obtained for formic and acetic acids are higher than any 
we have obtained for other acids. 
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Ex PERIMENTAL. 
Formic Acid (m. p. 7°8°). 
A.—Strength of the hydrochloric acid | B.—Strength of the hydrochloric acid 
after mixing =0°001876 JV. after mixing =0°001718 XN. 
15 c.c. of the alcoholic solution required | 15 c.c. of the alcoholic solution required 
73°95 c.c. of 0°02692 N-baryta. 60°6 c.c. of 0°02692 N-baryta. 
tin hours. a-a. I/t.log.a/a—zx. ¢tinhours.s a-xz Ift.log.aja—z. 
0°2 48°] 0°934 s 41°25 0°836 
0°3 38°95 0°928 *% 33°8 0°845 
0°36 34°25 0°911 P 28°4 0°823 
: 23°6 0°819 
Mean (corrected for N-hydrochloric acid) = 4, 492°7; B, 483°5. 
Evcou = 488°1 x 2°3026 = 1124. 


Acetic Acid (m. p. 17°). 


A,—Strength of the hydrochloric acid | B.—Strength of the hydrochloric acid 
after mixing =0°008161 JW. after mixing =0°01153 NV. 

15 c.c. of the alcoholic solution required | 15 c.c. of the alcoholic solution required 

48°54 c.c. of 0°03268 N-baryta. 68°03 c.c. of 0°03268 N-baryta. 
tin hours, a-z. I/t.log.a/a—z. | ¢inhours, a-z 1/t.log.a/a-a. 

, 31°45 0°377 , 42°4 0°513 
, 28°57 0°384 ‘% 37°95 0°507 
26°95 0°365 | 6 33°58 0°511 
25°05 0°359 . 30°85 (0°491) 


C.—Strength of the hydrochloric acid after mixing =0°008146 NV. 
15 c.c. of the alcoholic solution required 55°95 c.c. of 0°02692 N-baryta. 
¢ in hours, ax. 1/t.log.a/a - x. 
0°5 36°15 0°379 
0°6 33°15 0°379 
0°7 30°55 0°375 
0°8 28°20 0°372 
Mean (corrected for V-hydrochloric acid) = 4, 45°5 ; B (first three), 44°3; C, 46°2, 
Eneon =45°3 x 2°3026 = 104. 


Propionic Acid (b. p. 139°/759 mm.). 


A,—Strength of the hydrochloric acid | B.—Strength of the hydrochloric acid 
after mixing =0°008214 V. after mixing =0°01270 W. 

15 c.c. of the alcoholic solution required 15 c.c. of the alcoholic solution required 

46°88 c.c. of 0°03268 N-baryta. 47°48 c.c. of 0°03268 N-baryta. 
tin hours. a-z. Ii/t.log.a/a—x. ¢in hours. a-x% I/t.log.a/a-zx. 
g 32°05 0°330 P 29°53 0°516 
‘ 29°65 0°333 , 26°38 0°510 
27°73 0°326 ‘ 23°73 0°502 
25°83 0°324 0°7 21°18 0°501 
Mean (corrected for V-hydrochloric acid) = A, 39°9; B, 39°9. 
EMeou=39°9 x 2°3026=91°9, 
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n-Butyric Acid (b. p. 161°/764 mm.). 


A.—Strength of the hydrochloric acid 
after mixing =0°009659 NV. 


15 c.c. of the alcoholic solution required 
46°35 c.c. of 0°03247 N-baryta. 
1/t.log.a/a—x. 
0°213 
0°213 
0°212 
0°210 


tin hows. a@-2. 
, 34°58 

a 32°88 
31°38 

29°98 


B.—Strength of the hydrochloric acid 
after mixing =0°01474 XN. 


15 c.c. of the alcoholic solution required 
46°2 c.c. of 0°03247 N-baryta. 
1/t.log.a/a -«x. 
0°314 
0°315 
0°315 
0°317 


a~%. 
27°83 
25°88 
24°05 
22°28 


tin hours. 


0° 
0° 
0° 
1° 


7 
8 
9 
0 


¢.—Strength of the hydrochloric acid after mixing =0°01474 WV. 


15 c.c. of the alcoholic solution required 46°8 c.c. of 0°03247 N-baryta. 


é in hours. 
07 
0°8 
0'9 
1°0 


27°88 
25°88 
24°08 
22°28 


a-z, 


1/t.log.a/a—-«x. 
0°321 
0°322 
0°322 
0°322 


Mean (corrected for N-hydrochloric acid) = A, 21°9; B, 21°4; C, 21°8. 
Ejeou = 21°7 x 2°3026=50°0 


n-Valeric Acid (b. p. 185—186°5°). 


A.—Strength of the hydrochloric acid 
after mixing =0°01307 N. 


15 c.c. of the alcoholic solution required 
46°35 c.c. of 0 03262 N-baryta. 
1/t.log.a/a — x. 
0°308 
0°304 
0°301 
0°300 


a—-2. 

28°23 
26°48 
24°83 
23°23 


tin hours. 


| 
| 


B.—Strength of the hydrochloric acid 
after mixing =0°01307 XN. 


15 c.c. of the alcoholic solution required 
46°24 c.c. of 0°03262 N-baryta. 
1/t.log.a/a— x. 
0°307 
0°305 
0°302 
0°304 


tin hours. a@-2. 


7 


0 
0°8 
0°9 
10 


Mean (corrected for N-hydrochloric acid) = A, 23°2; B, 23°38. 
Eneon = 23°25 x 2°3026 =53'5. 


n-Hexoic Acid (b. p. 199°5—200°/750 mm.). 


A,—Strength of the hydrochloric acid 
after mixing =0°01307 N. 


15 c.c. of the alcoholic solution required 
45°9 c.c. of 0°03262 N-baryta. 
1/t.log.a/a—- x. 
0°292 
0°289 
0°289 
0°296 


a-x. 
28°68 
26°08 
23°58 
21°68 


tin hours. 


B.--Strength of the hydrochloric acid 
after mixing =0°01307 WV. 


15 c.c. of the alcoholic solution required 
45°83 c.c. of 0°03262 N-baryta. 
1/t.log.a/a — x. 
0°296 
0°290 
0°293 
0°292 


a-2xz. 
28°43 
25°98 
23°33 
21°90 


¢ in hours. 
07 
0°85 
1'0 
11 


Mean (corrected for N-hydrochloric acid)=4, 22°3 ; B, 22°4. 
Ehyou = 22°35 x 2°3026 =51°5. 
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n-Heptoie Acid (b. p. 223°5—224'5°/772 mm.). 


A,—Strength of the hydrochloric acid 


after mixing=0°01307 JN. 


15 c.c. of the alcoholic solution required 


45°68 c.c. of 0°03262 N-baryta. 


tin hours. a@-2. 
7 28°08 
*85 25°63 
0 23°18 
we 21°70 


1/t.log.a/a —zx. 
0°302 
0°295 
0°295 
0°294 


B.—Strength of the hydrochloric acid 


after mixing=0°01305 N. 


15 c.c. of the alcoholic solution required 


45°81 c.c. of 0°03262 N-baryta. 


t in hours. 
0°7 


a-X. 
28°05 
0°85 25°60 
1°0 23°15 
11 21°65 


1/t.log.a/a - x. 
0°304 
0°297 
0°296 
0°296 


Mean (corrected for V-hydrochloric acid)= A, 22°7 ; B, 22°9. 
EMeou = 22°8 x 2°3026 =52'5. 


n-Octoic Acid (b. p. 231°5—233'5°/765 mm. ; m. p. 14—15°). 


A.—Strength of the hydrochloric acid 
after mixing =0°0115 J. 


15 c.c. of the alcoholic solution required 


26°45 c.c. of 0°05682 N-baryta. 


tin hours. a@-2. 
5 19°34 

" 18°20 
17°10 

16°12 


1/t.log.a/a— 2x. 
0°271 
0°270 
0°270 
0°268 


B.—Strength of the hydrochloric acid 


after mixing =0°0058 WV. 


15 c.c. of the alcoholic solution required 


51°90 c.c. of 0°02888 N-baryta. 


tin hours. a—2. 
40°13 
38°98 
36°63 
34°33 


1/t.log.a/a-x. 
0°140 
0°138 
0°138 
0°138 


Mean (corrected for V-hydrochloric acid) = A, 23°5 ; B, 23°9. 
Encou = 23°7 x 2°3026 = 54°6. 


A.—Strength of the hydrochloric acid 
after mixing=0°01174 JN. 


t in hours. 
0°6 


a— 2%. 
35°85 
33°60 
31°70 


07 
0°8 
0°9 29°80 


1/t.log.a/a — x. 
0°278 
0°279 
0°275 
0°275 


n-Nonoie Acid (b. p. 255—257°). 


B.—Strength of the hydrochloric acid 


after mixing =0°018314 JW. 


| 
15 c.c. of the alcoholic solution required 15 ¢.c. of the alcoholic solution required 
52°65 c.c. of 0°02888 N-baryta. 


52°43 c.c. of 0°02888 N-baryta. 


tin hours. a—2. 
31°98 
29°20 
26°73 
24°45 


1/t.log.a/a - x. 
0°430 
0°424 
0°418 
0°414 


Mean (corrected for 0°05 N-hydrochloric acid)=.A, 23°6; B, 23°0. 
Excou =23°8 x 2°3026=58°6. 


Decoic Acid (b. p. 270—272°/766 mm. ; m. p. 29—31°5°). 


A,—Strength of the hydrochloric acid 


after mixing =0°02235 NV. 


15 c.c. of the alcoholic solution required 


26°16 c.c. of 0°05682 N-baryta. 


a-x. 
13°18 


11°80 
10°62 
9°60 


1/t.log.a/a — x. 
0°496 
0°494 
0°489 
0°484 


| 
| 
| 
| 
| 


B.—Strength of the hydrochloric acid 


after mixing =0°0115 WN. 


15 ¢,c. of the alcoholic solution required 


26°25 c.c. of 0°05682 N-baryta. 


tin hours. a- 2. 


‘ 18°20 
; 17°14 
16°22 
15°37 


1/t.log.a/a — x. 
0°265 
0°264 
0°261 
0°258 
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¢.—Strength of the hydrochloric acid | D.—Strength of the hydrochloric acid 
after mixing =0°006989 WV. | after mixing =0°0211 N. 


15 c.c. of the alcoholic solution required , 15 c.c. of the alcoholic solution required 
26°48 c.c. of 0°05682 N-baryta. 50°4 c.c. of 0°02692 N-baryta. 
tinhours. @-2% I t.log.a/a-x |. ¢tinhours. a-z. I/t.log.a/ja—ax, 
5 20°90 0171 ; 29°20 0°474 
75 19°85 0°167 " 26°55 0°464 
‘ 18°90 0°163 ‘ 23°95 0°462 
17°70 0°159 | : 21°40 0°465 


E.—Strength of the hydrochloric acid | F.—Strength of the hydrochloric acid 
after mixing =0°0103 NV. after mixing =0°01138 NV. 
15 c.c. of the alcoholic solution required | 15 c.c. of the alcoholic solution required 
50°33 c.c. of 0°02692 NV-baryta. 50°33 c.c. of 0°02692 N-baryta. 
tinhours. a-w I/t.log.a/a—a. tin hours. a-2. 1/t.log.a/ja—a. 
05 38°18 0°240 7° 37°68 0°251 
0°6 36°28 0°237 ‘ 31°93 0°247 
07 34°43 0°235 ’ 24°28 0°244 
0°8 32°68 0°234 ’ 18°68 0°239 
Mean (corrected for N-hydrochloric acid) = A, 21°95; B, 22°78; C, 23°61; 
D, 22°09; H, 22°95; F, 21°55. 
Emeou=22'5 x 2°3026 =51°8. 


T ~wie Acid (m, p. 43°5°). 
A,—Strength of the hydr .oric acid | B.—Strength of the hydrochloric acid 
after mixing =0°0058 WV. after mixing =0°0058 WN. 
15 c.c. of the alcoholic solution required | 15 c.c. of the alcoholic solution required 
51°9 c.c. of 0°02888 N-baryta. 51°58 c.c. of 0°02888 N-baryta. 
tin hours. a-#. I/t.log.a/a-a. tin hours. a-2. I/t.log.a/a—x. 
0°6 42°88 0°138 ‘ 38°93 0°135 
0°8 40°53 0°134 ‘ 36°78 0°133 
10 38°23 0°133 ‘ 34°73 0°132 
1°2 36°08 0°182 : 32°83 0°131 
Mean (corrected for N-hydrochloric acid) = A, 23°1; B, 22°88. 
Emeou = 22°99 x 2°3026 =52°9. 


Myristic Acid of m. p. 54° (correct m. p. = 53°8°) was used in V/30 
solution. 


A.—Strength of the hydrochloric acid | B.—Strength of the hydrochloric acid 
after mixing =0°01203 NV. after mixing =0°008871 N. 


| 
15 c.c. of the alcoholic solution required | 15 c.c. of the alcoholic solution required 
17°4 c.c, of 0°02888 N-baryta. 17°12 c.c. of 0°02888 N-baryta. 
tinhours. a-z I/t.log.a/ja-x | 
11°90 0°275 
11°15 0°276 
10°00 0°267 


tin hours. a-xz. I/t.log.a/a—zx. 
"65 12°70 0°200 
: 12°30 0°205 
11°70 0°207 


9°45 0°265 : 11°13 0°208 
Mean (corrected for 0°05 NW-hydrochloric acid) = A, 22°5; B, 23:1. 
Exon = 22°8 x 2°3026 =52°5. 
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Palmitic Acid of m. p. 62—63° was used in V/30 solution. 


A.—Strength of the hydrochloric acid | B.—Strength of the hydrochloric acid 
after mixing =0°01211 J. after mixing =0°01106 W. 

15 c.c. of the alcoholic solution required | 15 c.c. of the alcoholic solution required 

15°3 ¢.c. of 0°03268 N-baryta. 16°8 c.c. of 0°02692 N-baryta. 
tin hours. a-z. I/t.log.a/a—z. ¢tinhours. a-a# I/t.log.a/a-—a, 

0°5 11°32 0°262 0°5 12°8 0°236 
0°6 10°67 0°261 0°S 12°05 0°240 
07 10°02 0°263 0°7 11°40 0°241 
0°8 9°47 0°260 0°8 10°80 0°240 


Mean (corrected for V-hydrochloric acid) = 4, 21°6; B, 21°6. 
Ehicon =21°6 x 2°3026 =49°7. 


Stearic Acid of m. p. 69—69°5° was used in V/100 solution. 
A,—Strength of the hydrochloric acid | B.—Strength of the hydrochloric acid 


after mixing =0°00948 J, after mixing =0°0212 WN. 
15 c.c. of the alcoholic solution required | 15 ¢.c. of the alcoholic solution required 
14°29 c.c. of 0°010175 N-baryta. 11°4 ¢c.c. of 0°01231 N-baryta. 
tin hours. a-z. I1/t.log.a/a—«x. ¢inhours. a-a# Ii/t.log.aja-z. 
0°55 10°66 0°231 | 0°5 6°40 0°501 
0°65 10°26 0°221 0°6 5°80 0°489 
0°7 10°06 0°218 0°7 5°15 0°493 
0°8 9°66 0°213 0°8 4°55 0°498 


Mean (corrected for N-hydrochloric acid) = A, 23°28; B, 23°36. 
Exeou = 23°32 x 2°3026 =58°7. 


Notes on the Huperiments. 


1, All the acids used were Kahlbaum’s pure acids which had been 
recently distilled or crystallised. Hygroscopic acids were distilled 
and collected in receivers which were kept dry by means of phosphoric 
oxide. After the acid had been weighed, it was kept in a desiccator 
for several hours before being used. 

2. With the higher acids from decoic onwards, flocculent precipi- 
tates were obtained when the methyl-alcoholic solutions of the acid 
were titrated with barium hydroxide, using phenolphthalein as 
indicator. We made several titrations with the pure acids in order 
to determine whether the formation of the precipitate interfered with 
the accuracy of the titration. The experiments proved that very good 
results can be obtained, even in the presence of a precipitate, provided 
that the titration is conducted in a good light. 

Some of the results we obtained are as follows : 

Mpyristic acid : 

20 c.c. of acid solution required 20°45 c.c. of standard baryta. 

TPGE x » - ” 20°45 c.c. ,, - ve 

Theory requires 20°44. 


\CIDS, SLATOR: STUDIES IN FERMENTATION. PART II. 217 


Palmitic acid : 

0:2563 gram required 30°7 c.c. of standard baryta. 
ic acid 02563 gram = g,g_-— (ss 300-7 auc. ,, Mt s 
Theory requires 30°66. 


ws 3. The higher acids are only sparingly soluble in methyl alcohol at 
ili 15°, and hence rather dilute solutions were used in the case of 
myristic, palmitic, and stearic acids. With the first two acids, V/30 
and, in the case of the last, V/100 solutions were employed. 

A saturated solution of stearic acid in methyl alcohol at 15° has a 
concentration 0°0111 JN. 

4, In the case of the titrations of a mixture of methyl formate and 
formic acid, the pink coloration persisted for a minute or two only, 
as the ester was very readily hydrolysed. 

5. The values obtained for decoic acid show that the constant 
tends to decrease with the concentration of the acid more markedly 
quired than with the other acids, but the cause of this we have not been able 


. to determine. 
— z S | 


ic acid 
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acid In a previous communication (Trans., 1906, 89, 128), it was shown 

n a § that much information concerning the velocity of alcoholic fermenta- 

order § tion by living yeast could be obtained by measuring the initial 

with velocity of the reaction under varying conditions. By this means, 

good § such disturbing influences as changes in concentration of the reagents, 

vided § alteration in activity of the yeast, and accumulation of the products of 
reaction were reduced to a minimum. Solutions containing definite 
quantities of the reagents were kept at a constant temperature in a 
closed vessel, which was connected with a manometer. The amount of 
fermentation which takes place in a short interval of time was 
measured by change in pressure, owing to the evolution of carbon 
dioxide. Supersaturation was overcome by vigorous shaking. A 
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number of measurements were given, mainly with the idea of showing 
the scope of the method of investigation. In the present communi- 
cation, the fermentation reactions have been much more closely 
investigated, in the hope of throwing some light on the mechanism of 
fermentation. 

Alcoholic fermentation is probably not a single chemical reaction, 
but consists of a series, the products of one reaction being the reagents 
of the succeeding one. The velocity of formation of alcohol and 
carbon dioxide is determined by the reaction (or reactions) of the 
series which proceeds slowest. 

It is probable that, at higher temperatures (30°), under the conditions 
of the experiments described here, one single reaction is the main factor 
in controlling the velocity of evolution of carbon dioxide. The chief 
use of these velocity measurements is to furnish us with some knowledge 
of this reaction. The results determine within narrow limits what the 
reaction is. Velocity measurements can say with almost certainty 
whether a given compound can be considered an intermediate step in 
fermentation. Several compounds which have been suggested as such 
intermediate substances are not in agreement with these experiments. 


The Initial Velocity of Fermentation. 


The whole of this investigation is a consideration of the initial 
velocity of fermentation under varying conditions. Living yeast 
exhibits little abnormality when it starts fermentation, in marked con- 
trast to fermentation by preparations from yeast as “ Dauerhefe” or 
yeast juice. Many problems, such as those now being investigated 
by A. Harden (Proc. Roy. Soc., 1906, 77, B, 405), cannot be attacked 
by experiments with living yeast, but a great number of the simpler 
laws governing fermentation can be much more easily demonstrated 
by the use of the living organism. Some samples of yeast show the 
same activity immediately on mixing as they show some hours later. 
Fresh yeast, mixed with water, retains the same activity for a consider- 
able time. Examples are given in table I. Brewery yeast is mixed 
with water, the liquid is shaken, and a given volume taken out 
with a pipette. It is mixed with dextrose solution to give 5 grams 
of dextrose per 100 c.c. of solution. The rate of evolution of gas 
from 50 c.c. is measured in the apparatus described in the previous 
paper. The apparatus has been slightly altered, in that the horizontal 
tube has been inclined downwards, so that if any liquid froths into 
this part of the apparatus it runs into the rubber connexion and can 
be forced back into the bottle. 

Whenever it 1s possible, the solutions are so arranged that 
readings can be taken every five minutes. Sometimes it is convenient 
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to have enough yeast present to obtain a measurable fermentation 
every two minutes. When such is the case, an accurate measure- 
ment of the velocity can be obtained during the first five minutes after 
mixing the solutions. 

No nutrient salts were added to the solutions, as they have no 
direct influence on the fermentation. The experiments were mostly 
carried out at 30°, as the activity of the yeast changes very slowly at this 
temperature. One cm. on the manometer scale corresponds with a 
fermentation of approximately 8 milligrams of dextrose. 


TABLE I, 
Velocity in em. 
Temperature 30°. per 10 mins. 


On mixing yeast and dextrose solution 

After 24 hours 
On mixing yeast and dextrose solution 

After 35 minutes ss 
Activity of fresh yeast ........ ...sscsscccseeseee eveeeeee 
On standing overnight at 15° ............ceeceecee eee ees 


Sometimes specimens of yeast show a somewhat varying activity 
during the first half-hour of fermentation, and then the reaction 
becomes steady and proceeds at a constant velocity for several 
hours. Throughout this investigation only comparative experiments 
have been made, and, when only one variable (such as concentra- 
tion or temperature) is altered at a time, there is no difficulty in 
obtaining comparative results. The pure yeast used in some of the 
experiments was obtained by inocculating ordinary sterile, lightly 
hopped brewers’ wort of sp. gr. 1°040 with the culture, and allowing 
the growth and fermentation to continue for about a week. 

Many of the cultures of yeast used in these experiments were a 
present from Mr. A. C. Chapman and Mr. F. G. 8. Baker, to whom I 
desire to express my indebtedness. 


The Fermentation of Levulose. 


According to various investigations, the rates of fermentation of 
dextrose and levulose show differences depending on the conditions of 
the experiments and the variety of yeast used (fora summary of these 
experiments see Lippmann, ‘‘ Die Chemie der Zuckerarten,” p. 866). 
It is probable that the differences observed are due to the growth or 
to changes in activity of the yeast during the time of the experi- 
ment, for, if such influences are eliminated, the rates of fermenta- 
tion of dextrose and levulose are found to be almost identical. 

The experiments were carried out in the following way. The 
yeast to be investigated was grown in wort under sterile conditions, 
washed by decantation with cold water, and finally shaken with 
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water. Twenty-five c.c. of the mixture were added to 25 ec.c. of a 
solution of dextrose containing 10 grams of sugar per 100 ¢.c., and 
the velocity of formation of carbon dioxide was measured. A similar 
experiment was carried out, replacing the dextrose by levulose. A 
comparison of the two velocities gives the ratio of the rate of fermenta- 
tion of the two sugars. Table II shows that this ratio, R, is 
approximately 1. Similar experiments with 5 per cent. invert sugar 
show that the mixture of the two sugars also ferments at approxi- 
mately the same rate as dextrose. 


TaBLeE II, 
The Comparative Velocity of Fermentation of Dextrose and Levulose, 
Ratio R. 
Yeast. Dextrose : Levulose : Invert sugar, 

Saccharomyces cerevisiee 12.0.6 ce seeees 100 " 93 : 106 

‘“e GR Srccccccssccens 100 : 102 

ee Thermantitonum ... 100 : 106 

ss ellipsodeus .........+0 100 : 105 

‘a Carlsberg 1 .........++: 100 : 105 

- apiculatus (Reess) ... 100 : 105 
Schizosaccharomyces Pombe ............ 100 : 111 
BENIN. « ssacatlacssvscuisioncbsricdeses 100 ; 91 
Til itincicevsdeesdicangeessntaceiieas 100 : 97 
DUEL haidcddecavactivancincasseeseenve 100 : 100 


* Dry preparations of yeast (see later). 


If brewery yeast is partly destroyed by various reagents, the crippled 
yeast also ferments dextrose and levulose at the same rate. 


TasE III. 
Ratio R. 
Percentage of the - A ~ 
Destroying agent. activity destroyed. Dextrose : Levulose. 
MIE tidiehetsepsiaanivene 41 100 : 100 
SED sh <nscivictinnaniaine 42 100 : 99 
EN 40 100 : 99 
“| RIPE ES rerepereer 35 100 : 93 


In all probability, all yeasts and preparations from yeast ferment 
dextrose and levulose at the same rate. 

Experiments were also carried out to measure the influence of con- 
centration and temperature on the rate of fermentation of levulose. 
The results are included in tables X and XI. As in the case of the 
fermentation ‘of dextrose, the concentration of the sugar has little 
influence on the rate of fermentation. The influence of temperature 
is practically identical with that on the rate of the fermentation of 
dextrose. 

These experiments show that levulose can replace dextrose in a 


er fee 


SLATOR: STUDIES IN FERMENTATION. PART II. 221 


fermenting solution without any change in the velocity of evolution of 
carbon dioxide. When we consider how sensitive the velocity of 
chemical reactions, especially enzyme reactions, are to changes of con- 
ditions, the practical identity of these two reactions is very significant. 
It is possible, but not very probable, that the reaction which is 
measured in these experiments is one independent of the sugar entirely, 
the sugar being involved in some other reaction which takes place 
later, and that this second reaction proceeds so rapidly that it has no 
controlling influence on the evolution of carbon dioxide. Another 
explanation may be suggested, namely, that dextrose and levulose form 
the same substance, and that the controlling reaction involves this sub- 
stance in such a way that the velocity is the same whether dextrose or 
levulose is used in the experiment. For instance, it has been suggested 
that the first step in fermentation is the formation of the enolic form 
of the sugar. The enolic forms of dextrose and levulose are the same, 
and here, at first sight, seems a possible explanation of the above 
results. On further consideration, difficulties appear. If we consider 
the three equilibria: (1) D = X, (2) L = X, (3)D = L or 
D = X = L, where D and L represent dextrose and levulose respec- 
tively, and X a substance such as the enolic form of the sugars, then 
it is easy to show that the time to establish the equilibrium (3) is of 
the same order as the time to establish the two equilibria (1) and (2). 
When dextrose or levulose is dissolved in water, equilibrium (3) is not 
established.* There is no indication of the transformation of dextrose 
to levulose in neutral or slightly acid solutions, and therefore the re- 
actions D —> X and L —> X must proceed exceedingly slowly in 
these solutions, so slowly that it is impossible to consider them steps 
in the fermentation reaction. If X is an intermediate compound in 
the reaction, the following conditions must be fulfilled: the reactions 
D —> X, L —> X must proceed rapidly, the opposite reactions 
xX —> D, X -> L must proceed slowly, and the quantity of X 
present at any given time must be very small. These conditions are 
satisfied if we consider X to be a compound between the sugar and the 
enzyme, and with certain suppositions we can construct a step in the 
fermentation of dextrose and levulose which is in argeement with the 
velocity experiments and is not, so far as can be seen, contradicted by 


* It is assumed by T. M. Lowry that when dextrose dissolves in water the pro- 
portion of the enolic form is exceedingly small, and that the small concentration 
prevents the rapid establishment of the equilibrium D——L (Trans., 1904, 85, 
1565). A small equilibrium concentration of the enolic form is no bar whatever to 
the transformation of dextrose into levulose. It must be assumed that when 
dextrose is dissolved in water the amount of enol formed is approximately as small 
compared to its concentration when the equilibrium D=—X is established as the 
amount of levulose formed is to its concentration when the equilibrium D—L is 
established, 
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any of the known properties of the reaction. The assumptions are that 
the whole of the enzyme is combined with the dextrose or levulose, 
that the compound formed in each case is the same, and that there is 
no appreciable decomposition of the compound back again to dextrose 
and levulose.* The two important results explained by such a 
hypothesis are that the velocity of fermentation is independent of the 
concentration of the sugar between certain limits, and that dextrose 
and levulose ferment at the same rate. There is no difficulty in con- 
structing such a compound, but a discussion of its nature is reserved 
until the results of the measurements of the velocity of fermentation 
of galactose and mannose are described. 

This hypothesis is also in agreement with results obtained from 
experiments with invert sugar. Invert sugar ferments at the same 
rate as dextrose and levulose. The evolution of carbon dioxide 
depends on the quantity of the compound X present, and this amount 
is the same whether it is formed only from dextrose or only from 
levulose, or from both. 

That dextrose and levulose ferment at the same rate in separate solu- 
tions does not necessarily mean that, during the fermentation of invert 
sugar, dextrose and lzvulose disappear at the same rate. In some cases, 
a residue rich in levulose is obtained after partial fermentation, and 
under other conditions the levulose disappears faster than the dextrose 
(Lippmann, loc. cit., p. 934). The relative rate of the two fast reactions 
D — X and L -> X is the determining factor which settles 
whether a preponderance of dextrose or levulose disappears in the first 
part of he fermentation of invert sugar. We need only suppose a 
change in the relative rate of the two reactions by a variation in the 
conditions of the experiments to afford a plausible explanation of the 
varying results obtained by different investigations. It is improbable 
that the somewhat different rates of diffusion of dextrose and levulose 
into the cell play any important part in determining whether dextrose 
or levulose disappears the faster from the solution (compare Prior 
and Schultz, Zeitsch. angew. Chem., 1901, 14, 208). 


The Fermentation of Galactose. 


Numerous investigations (see Lippmann, Joc. cit., p. 734) which have 
been carried out in connexion with the action of yeast on galactose 


* The fact that the equilibrium D=—L is not rapidly established, although the 
sugars quickly form a compound with the enzyme which is the same in each case, 
may perhaps be made clearer by the following example. When a little pheny]- 
hydrazine is added to a dextrose solution, a small quantity of osazone may be 
formed, which is the same osazone as that formed when a similar experiment is 
carried out with levulose and phenylhydrazine. At the same time, phenylhydrazine 
does not act as a catalytic agent rapidly establishing the equilibrium DL. 
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show that there is a considerable difference in the fermentation of this 
sugar compared with that of dextrose and lxvulose. In the first place, 
all yeasts do not ferment this sugar, and, further, those that have this 
property possess it only after the yeast has become “ acclimatised ” by 
growing in the presence of the sugar. Most varieties of yeast act less 
vigorously on galactose than on dextrose, although a few yeasts are 
described which ferment galactose more rapidly than dextrose. Experi- 
ments with a large number of yeasts lead E. F. Armstrong (Proc. 
Roy. Soc., 1905, B, 76, 600) to conclude that the fermentations of 
dextrose and galactose are brought about by different mechanisms. 

In this investigation, the acclimatisation of the yeasts was first 
verified. It was found that ordinary brewery yeast had no action on 
galactose. The specimen of galactose (Kahlbaum’s) used in the first 
experiments contained a small quantity of dextrose, for on submitting 
the sugar to the action of yeast in the apparatus a small fall in pressure 
was noticed. Ina short time, the whole of the impurity had disappeared, 
and the evolution of gas was merely due to the autofermentation of 
the yeasts (compare Armstrong). The galactose solution was easily 
freed from fermentable substances by treatment with brewery yeast. 

Experiments were then carried out with some pure yeast cultures. 
Two growths of S. Carlsberg 1 were obtained, one by growth in ordinary 
malt wort of sp. gr. 1:040, and the other in a solution of hydrolysed 
lactose (dextrose and galactose) to which a small quantity of wort had 
been added to supply the necessary food for the yeast. The yeast crop 
was in each case washed by decantation with cold water, and the 
activity of the yeast estimated in the same way as that used in the 
investigation of levulose. The rate of fermentation of 24 per cent. 
dextrose was compared directly with that of 24 per cent. galactose. In 
the cases where the rate of fermentation of galactose was very small, 
a correction was made for the autofermeniation of the yeast. 

Figures given in table IV show that yeast grown in wort is incap- 
able of fermenting galactose, the rate of fermentation of dextrose 
being at least one hundred times greater than that of galactose. Yeast 
grown in the second solution ferments this sugar with a velocity com- 
parable with that of the fermentation of dextrose, 

A number of experiments were carried out with other varieties of 
yeasts and with various growths. The results are summarised in the 
second part of the table. 
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TaBLe IV. 
The Acclimatisation of Yeasts to Galactose. 


S. Carlsberg 1 grown in wort. 


Autofermentation 
24 per cent. galactose 
24 - Gextrose ......000. 


Ratio R=100: <1. 


S. Carlsberg 1 grown in hydrolysed lactose. 


2% per cent. galactose... ..............ssese0. 6°83 cm. per 10 mins, 
2 a dextrose 73, ” 
Ratio R=100 : 86. 
Ratio R. 


Yeast. Dextrose : Galactose. 


S. Carlsberg 1 grown in wort 100 : <1 
hydrolysed lactose ... 100 : 86, 83, 85, 25, 46 
51, 69, 54, 155 


9? 99 


S. cerevisie 100 
ve hydrolysed lactose ... 100 
S. Thermantitonum wort 100: 
re hydrolysed lactose ... 100 : 77, 53, 35 
S. Ludwigit wort 100 : <l 
hydrolysed lactose ... 100 : <1 


9) 


From this table, it is seen that yeasts grown in solutions which do 
not contain galactose have not the property of fermenting this sugar. 
Some acquire this property on growing in the presence of galactose. 
The ratio FP varies greatly with the conditions of growth ; thus growths 
of S. Carlsberg 1 have been obtained which give values varying between 
100:0 and 100:155. The influence of various conditions on this 
factor have not yet been studied. 

These experiments suggest many problems in connexion with this 
sugar. 

It has been found possible to acclimatise a yeast so that it ferments 
galactose half as fast again as dextrose ; it would be of interest to find 
if yeasts could be acclimatised still further, and what the limit of 
activity to galactose is. Again, can yeasts, which are considered 
incapable of fermenting galactose, be made to acquire this property 
after successive growths in the presence of this sugar? In investiga- 
tions on such line3, measurements of the ratio R would be of much 
value. This ratio may also serve as a help in the identification of 
different varieties of yeast. 

If a given variety of yeast, which is quite incapable of fermenting 
galactose, acquires this property even after one growth in the presence 
of this sugar, it is conceivable that some varieties of yeast may be 
trained to ferment sugars which have so far been considered un- 
fermentable. 
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The incapability of yeasts of fermenting galactose before acclimatisa- 
tion will explain nearly all the conflicting results which have been 
obtained in various investigations of the fermentation of this sugar. 
One example will suffice. A yeast has been described by Fischer and 
Thierfelder (Ber., 1894, 2'7, 2031) which ferments galactose only 
partly, but ferments lactose entirely. The yeast evidently contains 
the enzyme lactase. It is more easily acclimatised when grown in the 
presence of dextrose and galactose than when galactose only is present ; 
hence the curious result that this yeast ferments lactose more readily 
than galactose. 

The effect of variations of concentration of galactose, and change in 
temperature on the velocity of fermentation, are included in tables X 
and XI. 

It is evident that considerable differences exist in the way galactose 
and dextrose are fermented, and it might almost be thought that they 
are two separate and distinct reactions, possibly brought about by 
different enzymes. It is, however, easily shown that this is not 
entirely the case. If these two reactions were quite distinct, and no 
interference between them took place, the rate of evolution of carbon 
dioxide from the fermentation of a mixture of the two sugars would 
be the sum of the rates of the two singly. Experiments with 24 per 
cent. sugar solutions show that this is not the case. The rate of 
fermentation of a solution of 24 per cent. dextrose and 2} per cent. 
galactose is very considerably below the sum of the rates of the two 
reactions measured singly, and is usually somewhat higher than the rate 
of fermentation of 24 per cent. dextrose. The dextrose is the main 
factor in determining the velocity of reaction. This is specially 
brought out in the experiment with yeast which is more reactive to 
galactose than dextrose. An addition of dextrose to the fermenting 
galactose causes an appreciable diminution in the velocity of evolution 
of gas. The results are given in table V. The yeast was in each 
case grown in hydrolysed lactose solution and washed by decantation 
with water. The rate of fermentation of dextrose is called 100, 
in order to easily compare the different experiments. It has been 
previously shown that yeast which has been partly destroyed still 
ferments dextrose and levulose at approximately the same rate (table 
II), Similar experiments were carried out with dextrose and galactose. 
The ratio R was measured for a given specimen of yeast, the yeast 
was partly destroyed by heat or by treatment with alcohol, and the 
ratio again measured. The results are also included in table V. 
They show that the ratio R may alter considerably when the yeast 
has undergone such treatment. 
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TABLE V. 
The Simultaneous Fermentation of Dextrose and Galactose. 


Ratio z. 


Yeast. De oxtr ose : Gal: hidina a Dextrose + Galactose. 
S. cerevisie 106 «(: 0 > 103 
100 : 34 s Ie 
oe : 96 : 110 
100 : 155 > 3 
100 : 76 - 124 


The Effect of Inhibiting Agents on the Ratio R. 


Ratio R. 


Inhibiting Percentage activity “ i 
agent. destroyed. Before treatment. After treatment. 


Heat ... 36 per cent. 100: 100: 
ere 40 100: 100: 
ede 100 : 100 : 


9 


ar 100: 100 : 
Alcohol. 100: 100: 
100: 100: 


In the fermentation of maltose (described later), it was found 
possible to detect an accumulation of fermentable intermediate com- 
pound (dextrose) by adding to the fermenting solution a yeast which 
is capable of fermenting dextrose and not maltose. It is unlikely 
that during the fermentation of galactose a similar accumulation takes 
place, but it was considered worth while carrying out the experiment. 
Brewery yeast does not ferment galactose, and hence can be used as a 
reagent to detect the accumulation of an easily fermentable compound. 
The rate of fermentation of galactose was therefore measured without 
and in the presence of brewery yeast. The increase in velocity in 
the latter case is too small to be of any account. From this experi- 
ment and also from a consideration of the results of the other 
measurements, we can be fairly certain that galactose is not trans- 
formed to another fermentable sugar (as dextrose) before fermenta- 
tion. 


TaBLeE VI. 
The Fermentation of Galactose in the Presence of Brewery Yeust 


Solution. Velocity. 
25 c.c. S. Carlsberg 1 + 25 c.c. 5 per cent. galactose 5°3 em. per 10 mins. 
+ 3c.c. brewery yeast . * 2999 
After standing 1 hour 5° oe ee cae 
25 c.c. S. Thermantitonum + 25 c.c. 5 per cent. galactose .. ; “a ae 
9 me + 5.c. brewery yeast , os 
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Galactose is not fermented by “ Dauerhefe,” and only slightly by 
yeast juice. Experiments with preparations from acclimatised yeast 
have not yet been carried out. 


The Fermentation of Mannose. 


Mannose, according to a number of investigations, is fermented 
regularly and completely by almost all yeasts (possibly all yeasts) 
which ferment dextrose. Measurements of the initial velocity of 
fermentation of this sugar show that no treatment of the nature of 
acclimatising the yeast is necessary to bring about the reaction. The 
velocity is dependent on the variety of yeast and the treatment the 
yeast has received. Fresh samples of yeast ferment mannose more 
quickly than dextrose, but with older samples the rate of evolution of 
carbon dioxide is faster with dextrose than with mannose. This is 
specially the case with yeast which has been partly destroyed by 
heat. 


Taste VII. 
The Comparative Velocity of Fermentation of Dextrose and Mannose. 
Ratio R. 


Dextrose : Mannose: Dextrose 
‘ + Mannose. 
S. Carlsberg 1 ; 
S. Thermantitonum : : 92 
Kefir yeast : 
Brewery yeast 
‘ (grown in the presence of mannose) 
9 ° 
9 22 per cent. activity destroyed by 
heat... 
9 53 per cent. “activity “destroyed by 
heat 33 


> 


42 


In the experiments summarised in this table, the rates of fermenta- 
tion of 24 per cent. dextrose, 24 per cent. mannose, and 24 per cent. 
dextrose + 24 per cent. mannose are compared. The results show 
that when the two sugars are fermented simultaneously, interference 
between the reactions takes place. Mannose seems to retard the 
velocity of fermentation of dextrose. This is specially evident in the 
case where the yeast has comparatively little action on mannose. 

The influence of concentration of the sugar and the influence of © 
temperature have also been measured. The results are included in 
tables X and XI. 

The variation in the ratio R for a given culture of yeast will, in all 
probability, explain the disagreement in the literature with regard to 
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capability of certain yeasts of fermenting mannose. Thus S. exiguus 
and S. Pombe, according to P. Lindner, do not ferment mannose, 
whilst, according to E. F. Armstrong, these two yeasts ferment 
mannose apparently as easily as dextrose. It is evident that a 
quantitative measurement of the rate of fermentation in the manner 
described in this paper would be of much value in determining 
whether a given yeast ferments a given sugar or not. 


The Fermentation of Disaccharides. 


It is generally accepted that poly- and di-saccharides are not directly 
fermented by yeast, but are first hydrolysed by enzymes to fermentable 
sugars. 

The rate of fermentation of a disaccharide therefore depends on this 
rate of hydrolysis. 

In the case of sucrose, this hydrolysis proceeds so quickly that 
enough dextrose and levulose is immediately formed for the fermenta- 
tion reaction to attain its maximum velocity. 

In the fermentation of such substances as glycogen (autofermenta- 
tion), dextrin, and others which ferment slowly, the rate of hydrolysis 
is the controlling factor which governs the rate of fermentation. 

In the former case, the intermediate product (invert sugar) is easily 
detected in the solution; in the latter case, the intermediate sugar 
(dextrose) is fermented away as fast as it is formed, and cannot be 
isolated without treating the yeast in such a way as to destroy the 
enzyme of fermentation and leave the hydrolytic one. 

The fermentation of maltose by brewery yeast affords an interesting 
case where the rate of hydrolysis of the maltose and the rate of 
fermentation of the ensuing dextrose are very similar. At low 
temperatures, the initial rate of fermentation of maltose is appreciably 
lower than that of dextrose, whilst at higher temperatures the two 
velocities are almost the same. 


Taste VIII. 


Ratio, 5 per cent. solutions. 

Temperature. Dextrose : Maltose. 
15° 100 : 68 

30 100 90 


This is also confirmed by the measurements of the temperature- 
coefficient of the fermentation of maltose. The influence of temper- 
ature is considerably greater than that on the fermentation of dextrose, 
especially at lower temperatures (see table XI). It is evident that 
when maltose ferments, some dextrose probably accumulates in the 
solution. The accumulation is too small to admit of an easy direct 
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proof, but evidence of its formation can be obtained in the following 
way. If toa solution containing maltose and yeast another yeast is 
added which is incapable of fermenting maltose, but reacts with 
dextrose, an increase in the rate of evolution of carbon dioxide should 
indicate the presence of dextrose. S. exiguwus was used for this 
purpose, as it ferments dextrose easily, but not maltose. The 
fermentation of maltose carried out in the presence of this yeast 
shows initially very little difference to that without the yeast, but 
after standing three hours a considerable increase in the rate of 
evolution of gas is noticed. The initial rate of fermentation of a 
solution of maltose is practically the same as that after three hours, 
the increase is therefore due to the presence of S. exiguus. 


TaBLe IX. 
Fermentation of Maltose in the Presence of S. exiguus. 


Temperature, 30°. Volume, 50 c.c. 


Solution. Velocity. 
5 c.c. brewery yeast, 5 per cent. maltose..............cceecseers 7°4 cm. per 20 mins. 
25 c.c. S. ewiguus (autofermentation) ..... ...........cececeeceeees yaa os 
5¢.c. brewery yeast, 25 c.c. S. exiguus, 5 per cent. maltose 8°55 ,, 5s 
Ditto, after 3 hours ...... di Diodes mabeaeekebunisadscidendsetye 14°45 ,, - 
Correction for autofermentation .............0..e0c00 os os os de 
12°65 ,, ” 


Increase from 7°4 to 12°65 = 71 per cent. inciease. 
Another experiment gave 52 “i i 


Initial rate of fermentation of maltose by brewery yeast ... 7°0 cm. per 5 mins. 
After 3 hours ...... Fe bapd teen tend aia addin ntedasadicedybandejimkas 72 x re 


The Inflwence of Concentration and Temperature on the Rate of 
Fermentation of Various Sugars. 


The influence of the concentration of the sugar, and the influence 
of temperature on the rates of reaction of the various sugars, are 
conveniently summarised in the two following tables. -In table X 
the different velocities at different concentrations are recalculated, 
making the velocity of a 5 per cent. solution 100. The equivalent 
of 100 is given in the table in cm. per ten minutes on the manometer 
scale. The activity of the yeast as measured by the ratio # is also 
included. In all cases except at dilute solution, the velocity is 
approximately independent of the concentration of the sugar. 


VOL. XCILI. R 
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TABLE X, 
The Influence of Concentration of Sugar. 
Velocity. 

Grams of sugar per 100 c.c. Dextrose. Levulose. Galactose. Mannose. 

0 per cent. (autofermentation) os 6 3 5 

” ” 87 73 79 63 

1 2 “ 92 93 &8 88 

24 me aa 98 106 92 105 

5 Ze a 100 100 100 100 

10 os a 94 106 102 95 

The equivalent of 100 in cm. per 

DINGS accudincaadpesanensonoee 5°4 7°0 2°9 77 
MEINE  dnteesscasiccansaniasisnacics -- 100 : 93 100 : 85 100 : 79 


Table XI gives the temperature quotients for the different sugars. 
The experiments were carried out in the manner described in the 
previous paper, with the exception of those with sucrose and maltose. 
In these cases, initial velocities with different solutions at different 
temperatures were measured. The yeast exhibited no abnormal initial 
velocities, and there was no need to correct for changes in activity of 
the yeast. Brewery yeast was used in all cases except in the 
fermentation of galactose. A growth of S. Carlsberg 1 in hydrolysed 
lactose was used to ferment this sugar. 


TaB.E XI, 
Temperature Quotients with Different Sugars. 


Vi4;/V:. Dextrose. Levulose. Sucrose. Maltose. Galactose. Mannose. 
Vio/V5 2°5 — 2°6 — _ 1°94 -- 


Vr5/Vip 198 — 1°93 2°12 2°7 1°72 _ 
VoolVis 1°91 1°97 1°82 190 2°5 1°59 1°78 
Vos/Von 1°60 1°60 1°52 1°58 1:96 1°37 1°58 
Voo[ Vos 1°44 1°53 ~ 1°45 1°36 1°50 1°34 1°35 
Vos/Von 1°35 125 1°32 1°24 1:33 1°25 1°34 
VaplVo5 1°25 1715 1°24 1°16 1°32 1°10 1:21 


The second series of figures under dextrose are obtained with the 
yeast S. Thermantitonum, a yeast which exerts its maximum ferment- 
ative power «at as high a temperature as 45° (Grove Johnson, J. Jnst. 
Brewing, 1905, 11, 466). This property has no connexion with 
the influence of temperature on alcoholic fermentation, which is 
approximately independent of the variety of yeast used to bring about 
the reaction (Trans., 1906, 89, 137). 


Intermediate Compounds in the Fermentation of Dextrose. 


The following substances have been suggested as intermediate 
compounds in the conversion of dextrose into alcohol and carbon 
dioxide by yeast : 


ose. 


ate 
on 
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(1) The enolic form of dextrose (E. F. Armstrong, oc. cit.). 

(2) Lactic acid (Buchner and Meisenheimer, Ber., 1905, 38, 620). 

(3) Glycogen (Kohl, Annales de la Brasserei, 1907, 306). 

These velocity measurements are very much opposed to the accept- 
ance of any of these suppositions. The first suggestion has been 
already discussed (p. 221). 

In previous publications (Trans., 1906, 89, 141 ; Ber., 1907, 40, 123), 
it has been shown that it is very improbable that lactic acid can be 
considered such a substance. It is doubtful whether lactic acid is 
fermentable; in no circumstances is it possible to ferment lactic 
acid as fast as dextrose, and the inhibiting action of the acid is not 
sufficient to explain its very slow rate of fermentation. Evidence in 
favour of this last statement is obtained as follows: 50 c.c. of yeast 
and water are treated in the apparatus successively with lactic acid 
and then dextrose, and measurements are made after each addition. 
The second measurement is much greater than the first, showing that 
yeast which is almost incapable of fermenting lactic acid still possesses 
the property of rapidly fermenting dextrose. 


TasBLeE XII. 
Solution-temperature 30°. Velocity. 
50 c.c. yeast + water +4 gram lactic acid......... 030 cm. per 2 mins. 
Same solution +4 gram dextrose ...............06. 4°00 ,, is 


The first velocity is probably entirely due to autofermentation, but 
if it were caused wholly by the fermentation of lactic acid the 
experiment would still be conclusive in showing that the inhibiting 
effect of the acid is not enough to account for its slow rate of 
fermentation. This experiment was carried out at the suggestion of 
Prof. Buchner to afford better evidence than that given in a former 
paper. (See table I, Ber., 1907, 40, 124.) 

It has also been suggested that an unknown isomeride of lactic acid 
is such an intermediate compound, and that traces of lactic acid 
are formed from this isomeride (Luther, Zeitsch. Hlektrochem., 1907, 
13, 516). 

The assumption that lactic acid is a by-product from an inter- 
mediate compound which is arbitrarily called an isomeride of this acid 
has little experimental basis. We have nothing to decide us from 
what compound the traces of lactic acid are formed. The main 
evidence in favour of this supposition is probably the ease with which 
the chemical equations, dextrose —> lactic acid —> alcohol and 
carbon dioxide, can be constructed. 

Glycogen has also been suggested as the first transformation 
product of dextrose before fermentation, On the assumption that the 

R 2 
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autofermentation of/yeast is caused by the presence of glycogen in the 
yeast cell, it is very difficult to bring into agreement the above 
supposition and the few experiments which have been carried out 
here. 

The rate of autofermentation is only some few per cent. of that of 
dextrose. When a very small quantity of sugar is added to excess of 
yeast at 30°, the whole of the sugar is fermented away in about 
twenty minutes, and the original rate of autofermentation is again 
observed. 


TaBLeE XIII. 


Time. Manometer reading. Velocity in cm. per 10 mins, 


0 min. 12 — 
10 mins. 2°2 1°0 (autofermentation) 


0°1 gram dextrose added. 

7°8 13“ 
13°9 12° 
16°7 2° 
17°75 1% 


2” 


29 
”? 


ms 5 (autofermentation) 

It is hardly reasonable to think that the whole of the sugar has 
passed through the glycogen stage; or that the slow fermentation of 
glycogen is an essentiul part of the rapid fermentation of dextrose. 

Many of the other velocity measurements could be urged against 
this supposition. 

In conclusion, it may be again pointed out that no compound has 
yet been isolated which is likely to prove an intermediate step in the 
fermentation reaction. It is probable that such a compound would be 
very unstable, easily fermented, and hard to isolate. 

The method of adding a reagent to react with the unstable inter- 
mediate compound is often useful in detecting such substances. Lob 
(Zeitsch. Hlektrochem., 1907, 13,511) has applied this method to detect 
aldehydic compounds during fermentation, using phloroglucinol, 
ammonia, and aniline for the purpose. The results were negative. 


The Influence of Substances which are said to accelerate Fermentation. 


{In the literature of the fermentation of dextrose, one finds numerous 
investigations on the action of “poisons,” that is, substances which 
when present in a fermenting solution in dilute concentration retard 
the reaction. It is also stated that many of these poisons in 
very dilute solution have the opposite effect of accelerating alcoholic 
fermentation. 

Examples of such substances are mercuric chloride, iodine, potassium 
iodide, salicylic acid, benzoic acid, sulphuric acid, and potassium 
permanganate (for complete list, see Lippmann, Joc. cit., p. 395), At 
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very dilute concentration, they accelerate alcoholic fermentation, and 
in more concentrated solution they inhibit the reaction. On 
applying the method used in this investigation, it was found that, 
although the retardation effect could easily be verified, no appre- 
ciable accelerating effect on fermentation could be shown by any 
of these reagent. In all probability, the effect which has previously 
been attributed to the acceleration of alcoholic fermentation is due to 
the acceleration of some other reaction (as the growth of yeast) which 
the method of investigation has not eliminated. In a few cases, a 
slight increase was observed, but this is too small to be of any import- 
ance in these measurements. 

The following table shows the effect of four poisons. The concen- 
trations which are said to accelerate the reaction are given in brackets. 
The table also includes a comparison of the rate of fermentation of 
dextrose with that of unhopped brewery wort of sp. gr. 1°030. The 
latter contains, besides sugars, very favourable food material for the 
growth of the yeast. The initial velocities are almost identical. 


TABLE XIV. 


Temperature, 30°. 
Poison. Concentration. Velocity. 

Potassium iodide (1/100,000) 1/00 
1/300,000 
1/150,000 
1/30,000 

Iodine (1/600,000) 1/00 
1/500,000 
1/100,000 
1/50,000 

Salicylic acid (1/4000—1/6000) 1/00 
1/50,000 
1/10,000 
1/5000 
1/2000 

Copper sulphate, CuS0O4,5H,O (1/600,000) 1/00 100 
1/500, 000 95 


After standing 4 hours 90 
1/50,000 50 (rapidly decreasing) 


Rate of fermentation of 7 per cent. dextrose .................. 100 
wort sp. gr. 1°030 


” 93 


M. Delbriick in a recent paper (J. Inst. Brewing, 1906, 12, 654) 
states that ground oats accelerate alcoholic fermentation. From 
400 c.c. of a 10 per cent. sucrose solution with 10 grams of pressed 
yeast and 5 grams of crushed oats, he obtains double the volume of 
_ dioxide in four hours as from the-sugar solution”and yeast 
alone, 

The following table shows’ that jthe jresult is noticonfirmed by :this 
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method of investigation. It can only be suggested that some error 
lies in the estimation of the rates of fermentation where supersatura- 
tion takes place.* 

TABLE XV. 


The Influence of Ground Oats on Fermentation. 


Temperature, 20°. Velocity in 
Solution. em. per 6 mins, 
TOP UE OIE IOS in seine nee 6 decncacusnencdcssescsamecodcesunesh’ 5'0 
is +0°5 gram oats 


So : +0°63 gram oats (on mixing) 
” ” ” » (14 hours later) 


The first experiment, where increasing quantities of oats are added 
to 50 c.c. of 10 per cent. sucrose and yeast, shows only a retarding 
effect of this substance. The second experiment, which is made to 
agree as nearly as possible with Delbriick’s, shows that on standing 
the velocity does not increase. 

It has been shown that there is a large acceleration in the velocity 
of evolution of carbon dioxide when neutral soluble phosphates are 
added to a dextrose solution which is undergoing fermentation by 
“yeast juice” or by permanent yeast cells (A. Harden and W. J. 
Young, Proc. Roy. Soc., 1906, 77, B, 405). There is no doubt of this 
acceleration, but phosphates have no accelerating influence on the rate 
of fermentation by living yeast (see table XVII). 

In conclusion, it may be stated that we have not yet succeeded in 
finding a substance which will appreciably accelerate fermentation by 
fresh living yeast. 


Fermentation by Preparations from Yeast. 


In view of the fact that the laws which underlie alcoholic fermenta- 
tion by living yeast are comparatively simple, a few measurements 
were made with the preparation from yeast known as “ Dauerhefe,” 
which, according to R. O. Herzog (Zeitsch. physiol. Chem., 1902, 37, 
149), gives results differing from those described here in many 
respects. 

It was found that these differences are mainly due to disturbing 
secondary reactions which take place when this preparation from yeast 
acts on a sugar solution. The laws which govern the fermentation re- 
action by living yeast and by the “‘ Dauerhefe ” are essentially the same, 


* Whatever method is used to estimate the activity of yeast, it should only be ac- 
cepted as trustworthy when it can show that exact proportionality exists between the 
rate of fermentation and quantity of yeast added (compare Trans., 1906, 89, 131). 
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but, owing to these secondary reactions, they are in the latter case 
much more difficult to recognise. 

The preparation which is used in all these experiments was made 
by Anton Schroder, Munich, who sells the product under the name of 
“ zymin.” 

On testing the specimen, it was found that the enzyme is at first 
quite inactive; after an induction period of between one and two 
hours, the reaction starts vigorously, it soon attains a maximum 
velocity, slows down considerably, and then proceeds steadily, gradually 
diminishing in velocity. 

The following tables show that dextrose and levulose ferment at 
the same rate (C and D), the concentration of the sugar has little 
influence on the velocity (C and £), that the autofermentation is 
appreciable (A and (), and allowing the “zymin” to stand with 
water before adding the sugar greatly reduces the period of 
induction. 

The addition of neutral potassium phosphate has an accelerating 
effect both on the autofermentation (A and #&) and also on the 
fermentation of dextrose and invert sugar (table XVII). 

An accelerating effect is also produced when a boiled solution of 
“zymin”’ is added to some fresh “zymin” (Gand H). According to 
Herzog’s measurements, when double the amount of “zymin” is 
present in a solution the reaction proceeds four times as fast, but it is 
evident that the large increase in velocity is only partly due to 
doubling the amount of enzyme, for at the same time a further 
quantity of accelerating agent is added. 

Another dry preparation of yeast, “‘ hefenol,” gave quite analogous 
results, showing an induction period and increased activity in the 
presence of phosphates. Living yeast is not rendered more active by 
phosphates, but preparations, such as “ zymin,” “ hefenol,”’ yeast juice, 
react more vigorously under the influence of these salts. It is of 
interest to find what treatment the yeast must undergo to show this 
property. Products obtained by partly killing the yeast by heat or 
by alcohol were not sensitive in this manner. On the other hand, by 
drying the yeast at a low temperature, a preparation was produced 
which was much more active in the presence of phosphates (table 
XVIII). The extraction of water is possibly the main factor in 
rendering the enzyme sensitive to phosphates, 
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TasBLeE XVI, 
Fermentation by Zymin (Acetondauerhefe). 


t=Time in minutes. 


Solution 4=50 c.c. water+5 grams zymin. 
a ee »» | +5c.c. phosphate solution. 
5 per cent. dextrose +5 grams zymin. 
levulose+ _,, ‘ 
dextrose + os 
- which has remained three 


> 9 5 > 
hours at 30° with water. 


Temp. 30°. Rate of fermentation in cm. per 10 mins. 
t 
0 minute 


10 minutes 
20 
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(m)=maximum velocity. 


Solution @=50 c.c. 5 per cent. dextrose + 2°5 grams ‘‘ zymin.” 
” H= ” ” 9 ” ” previously heated in 
water to a temperature of 95°. 


t. ; t. 


100 minutes 55 minutes 
150 
184 
200 
210 
225 
240 
300 
500 


LS | 
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TABLE XVII. 


The Influence of Potassiwm Phosphate on the Rate of Fermentation of 
Invert Sugar by Zymin and by Yeast. 


Rate of fermentation of 5 per cent, invert sugar. 


5 grams zymin+ 5 c.c. 
5 grams zymin, phosphate solution. 
Maximum 5: ‘38cm. per10 mins. 8 ‘8 em. per 10 mins, 
20 minutes later ‘ 
60s, 
Brewery yeast : 50 c.c. 5 per cent. invert sugar 
- +0°l c.c. phosphate solution 
+1 ce. 
+3 cc. 
+5 c.¢, 


” 99 


Taste XVIII. 


Fermentation by Dried Yeast. 


Solution A =50 c.c. water+5 grams dried yeast. 
” + +5 c.c. phosphate solution. 
C= ,, 5 per cent. "dextrose +2 5 grams dried yeast. 
» D= ” ” ” ” +5 cc. phosphate 
solution. 


Rate of fermentation in cm. per 5 mins. 


* eee 


t. 
5 minutes 
10 
15 


CO NO 
lll seede 
on ~~ 
= 
CO HAINT CO by 
nD oan oo ° 
or mam OH 
3 
Ss 
BROOD og 
-a"saR7=- 
oO 
3-3 far 2 


S11 SI 
oO 

_ 

3 

~ 


bo 
S} 
oH 
_ 
oo 
oo 
1 | 
— 
> 20S 
SOR 


_ 
i) 
| | 
wo 
ss 
or 
“IO 
co 


The phosphate solution in all these experiments was made by 
dissolving 10 grams of Kahlbaum’s dibasic potassium phosphate in 
100 c.c. of V/5 sulphuricacid. It was neutral to litmus. 


The Mechanism of Fermentation. 


The results described in this communication show that many of the 
problems in connexion with fermentation are more easily investigated 
by the use of living yeast than by preparations from yeast, for 
fermentation is much less influenced by secondary reactions in the 
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former case than when “ Dauerhefe” or yeast juice is used to carry 
out the reaction. 

Attempts have been made to bring into agreement the various 
results obtained by the measurements of the velocity of reaction. 
Those which are most important in determining the mechanism of 
fermentation may be summarised as follows: 

1. The rate of fermentation of dextrose, levulose, galactose, and 
mannose is approximately independent of the concentration of the 
sugar between the concentrations 1 gram to 10 grams per 100 e.c. 

2. The fermentation of dextrose and levulose under all conditions 
proceeds with approximately equal velocities. 

3. The influence of temperature on the velocity of fermentation is 
approximately independent of the yeast used to bring about the 
reaction, and is almost the same in the case of the fermentation of 
dextrose, levulose, and mannose, but the influence is somewhat less in 
the case of the reaction with galactose. 

4, Many yeasts (very probably all yeasts) are unable to ferment 
galactose unless the yeast has been grown in the presence of this sugar. 
The ratio of the rate of fermentation of dextrose to that of galactose 
varies between very large limits. A variation of 100:0 to 100: 155 
has been observed with one race of yeast. 

5. The ratio of the rate of fermentation of dextrose to mannose 
varies greatly, depending mainly on the treatment the yeast has 
undergone. 

6. When two sugars are fermented simultaneously in the same 
solution, interference takes place between the reactions. 

7. The velocity of fermentation by living yeast can easily be 
lessened by addition of certain inhibiting agents, but cannot be 
appreciably raised. 

In whatever way the reaction is considered, we must first assume 
that the sugar diffuses into the yeast cell. There is no doubt that this 
reaction takes place so rapidly that it exercises no control on the 
velocity of evolution of carbon dioxide. The independence of the 
velocity with varying concentrations of sugar, the high temperature 
coefficient, and the fact that the fermentation starts immediately 
without any measurable induction period are practically conclusive on 
this point. 

Velocity measurements give us information with regard to what is 
termed the controlling reaction. Fermentation is considered a series 
of successive reactions, and the controlling reaction is the one which 
proceeds slowest and has the largest influence on the velocity of 
formation of alcohol and carbon dioxide. 

We may assume that this reaction is an enzyme reaction, and that 
the different sugars are fermented by the same or by different enzymes. 
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On the other hand, the assumption may be made that the controlling 
reaction is not an ordinary enzyme reaction, but some protoplasmic 
change which takes place in the cell. 

An argument in favour of the last assumption is that fermentation 
by yeast juice is comparatively feeble, and sensitive to different 
reagents which take no direct part in the reaction. Fermentation by 
yeast cells is, however, much more constant. It would be very 
difficult on this assumption to account for the differences in the 
rate of fermentation of dextrose, galactose, and mannose, and to 
explain the rate of fermentation of mixed sugars. The results all 
point to an enzyme reaction involving in some way the sugar. 

There is much to be said in favour of assuming that dextrose, 
galactose, and mannose are fermented by three different enzymes, 
which may conveniently be called glucozymase, galactozymase, and 
mannozymase. Glucozymase ferments dextrose and levulose, galacto- 
zymase ferments galactose, and mannozymase ferments mannose. The 
different ratios of activity of yeast to dextrose, galactose, and mannose 
would admit of easy explanation by assuming that the enzymes were pro- 
duced by some yeasts and not by others, and were sensitive in different 
degrees to heat and other influences. The main objections to this 
assumption are, firstly, all known yeasts which ferment any sugar 
ferment dextrose. Why should glucozymase be the first fermentation 
enzyme produced by the yeast? Again, the interference of two 
fermentation reactions when carried out simultaneously in the same 
solution has to be explained. We can get over the difficulty by 
assuming that mannose inhibits the fermentation of dextrose by 
glucozymase, and also that dextrose inhibits the fermentation of 
galactose by galactozymase. There is a certain amount of experi- 
mental evidence in favour of these suppositions. 

If, on the other hand, we endeavour to work out the mechanism of 
fermentation on the assumption that one enzyme carries out the 
reaction with the four sugars, we get an explanation of the inter- 
ference of the reactions by the competition for the enzyme when more 
than one fermentable sugar is present. To explain the varying ratios 
of the rates of fermentation of different sugars, we have to assume 
that the enzyme acquires different properties under different 
conditions. 

This is not altogether impossible. An analogy might be found in 
inorganic catalytic reactions if the investigation were carried out. 
Thus colloidal platinum has a catalytic influence on the decomposition 
of hydrogen peroxide (Bredig and Bernech, Zeitsch. physikal. Chem., 
1899, 31, 258 ; Bredig and Ikeda, ibid., 1901, 3'7, 1), and also on the 
formation of water from hydrogen and oxygen dissolved in water 
(Ernst, Zeitsch. physikal. Chem., 1901, 3'7, 448). It is quite possible 
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that the ratio of the activities of the platinum to the two reactions 
does not remain constant for different preparations and different 
treatments of the colloid. It is even possible that one might prepare 
a specimen of colloidal platinum which would catalytically influence 
one reaction without affecting the other. This would afford an exact 
analogy to the fermentation of dextrose and galactose by the enzyme 
in yeast. 

In describing the measurements of fermentation of dextrose, 
levulose, and invert sugar, it was pointed out that the results could 
be to a certain extent explained on the assumption that the sugar 
combines with the whole of the enzyme present, forming the same 
intermediate compound from either dextrose or levulose. If we try 
to bring the results of the experiments on galactose and mannose into 
agreement, we have to assume a similar combination in these cases to 
account for the constant velocity with varying concentrations of sugar. 
The differences in the rates of fermentation of the different sugars 
can be explained on the assumption that different intermediate com- 
pounds are formed. It is not difficult to construct such compounds 
which will satisfy these conditions. We can assume that the compound 
is formed by simple addition of the enzyme and sugar, or by elimination 
of water according to the equations : 

C,H,,0, + E=C,H,,0,E 
or C,H,,0, + E=C0,H,,0,E + H,O. 
The latter case is rather simpler, and the formule of the compounds 
may be constructed as follows : 


CHO CH,-OH CHO CHO 
H°C:0OH CO H°C-OH 


HO-C:H 
H-C-OH 
H-C-OH 

CH,:OH 


Dextrose. 


Ho-b-n 


H-C-OH 
H-C-OH 
CH,:0H 


Levulose. 


HO--H 
HO-C-H 
H-C-0H 
H-C-OH 
¢H,-OH 


Mannose. 


HO:(C-H 
HO-G-h 
H:C-OH 
H,°OH 


Galactose. 


\ Pd 
OC 

H-07F 

HO-C-H 

H-0-OH 

H-C-OH 
CH,:OH 


In considering the possible formule in the case of galactose, that one 
has been chosen which agrees with the statement that d-tagatose and 
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d-talose are not fermentable, although it is not known whether these 
sugars are fermented by yeast acclimatised to galactose. 

The asymmetric character of the enzyme prevents the formation of 
many of the possible compounds isomeric with the above. 

It is not suggested that these bodies are the only possible inter- 
mediate compounds, but rather that the mechanism of fermenta- 
tion can be worked out on the assumption that the same enzyme 
ferments all four sugars, and that the different rates are determined 
by different intermediate compounds. 

The supposition that more than one enzyme takes part in the 
fermentation of each sugar does not lead to any simpler explanation 
of the results, 

The conclusions of this discussion may be summarised as follows : 

The numerous results obtained by measurements of the velocity of the 
fermentation of dextrose, levulose, mannose, and galactose are most 
easily brought into agreement on the supposition that the enzyme 
combines completely with the sugar, and that the velocity of formation 
of carbon dioxide is determined by the rate of decomposition of 
this compound. Dextrose and levulose are fermented by the same 
enzyme, but the results are not considered conclusive in determining 
whether one enzyme brings about the fermentation of all four 
sugars. 

The results also have some bearing on enzyme reactions in general, 
The main evidence generally recognised to distinguish two enzymes 
is a variation in the occurrence and relative activity of the two 
enzymes in question. Thus maltase is considered to be different from 
invertase in that yeasts are known which contain each enzyme singly, 
and that they are in different degrees sensitive to outside influences, 
such as heat. We can express the results in the manner used in 
this communication, that a variation in activity from 100:0 to 
0:100 has been observed with different yeasts. If it is considered 
that a variation from 100:0 to 100:150 in activity of yeasts is 
not conclusive proof that dextrose and galactose are fermented by 
different enzymes, then the evidence to show that sucrose and 
maltose are hydrolysed by different enzymes ought to be re- 
considered. 

These two views can be expressed generally. On the one hand, 
we have the hypothesis that there is present in yeast cells a large 
number of enzymes each capable of exerting its own specific ac- 
tion; on the other, it is possible that only a few enzymes are 
present, and that the same enzyme can promote different chemical 
actions (compare H. E. Armstrong and E. F. Armstrong, Proc. Roy. Soc., 
1907, 79, B, 360; Marino and Lericano, Gazzetta, 1907, 37, i, 45), 
The first view is the more plausible one, and the one usually 
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accepted, but, as there are differences between glucozymase, galacto- 
zymase, and mannozymase which are in some ways as great as 
the differences between the sucroclastic enzymes, this view also 
involves the assumption that these three fermentation enzymes are 
different. 


The author wishes to acknowledge his indebtedness to Dr. A. L, 
Stern, for valuable criticism of the work described in this paper. 


BuRTON-ON-TRENT. 


XXII.—Studies in the Camphane Series. Part XXV. 
Action of Diazomethane on the Two Modifications 
of isoNitrosocamphor. 


By Martin Onstow Forster and Henry Homes. 


Apart from the general question of oxime structure and the 
advantages or drawbacks of the Hantzsch-Werner hypothesis, the 
constitution of isonitrosocamphor presents features peculiar to itself. 
Although both modifications of this compound, melting at 152° 
(stable) and 114° (unstable) respectively, are produced by the original 
method of Claisen and Manasse (Annalen, 1893, 274, 71), it does not 
appear to be possible to separate them by fractional crystallisation, 
and it was only by hydrolysing the isolated products of treating the 
mixture with m-nitrobenzoyl chloride that the unstable variety was 
revealed (Trans., 1903, 83, 534). Since that time many experiments 
have been made with the object of explaining, from a chemical stand- 
point, the obscure relationship between the two compounds (Forster, 
Trans., 1904, 85, 892; 1905, 8'7, 232), but it cannot be claimed that 
the conclusions drawn therefrom achieve much more than bring the 
difficulties into stronger relief ; moreover, these deductions have been 
disputed, although not, in our opinion, disproved, by the ingenious 
arguments of Baly, Marsden, and Stewart (Trans., 1906, 89, 966), 
based on an examination of absorption spectra. Briefly stated, the 
conclusions of these authors amount to rejection of the stereochemical 
hypothesis, the isomerism of the two modifications of isonitroso- 
camphor being regarded as structural : 
© —N C-N-OH 
eH Qion) e 6 CHU} i 
Stable (m. p. 152°). Unstable (m. p. 114°). 


Whilst there is doubtless much to be said in favour of this representa- 
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tion of the stable variety, the case for the second formula appears to 
us very slender. It is based on the conclusion that the spectrometric 
data justify the recognition of au equilibrium mixture, 


-N*ONa CNa:NO 
OH <ho = 


CSH< bo ’ 
in the alkaline solution of unstable isonitrosocamphor, giving rise to 
isorropesis expressed by 


C-N-ONa 
— CHy<H. ; 


but it does not appear why, in selecting from these two an expression 
for the parent compound, the latter, instead of the former, should 
have been chosen. Moreover, the conclusion is based on a line of 
argument which, we venture to think, has at least one serious 
weakness, The absorption spectrum of the unstable isomeride was 
never studied individually, it was merely deduced from the difference 
between the curves furnished by the “ Claisen mixture” and by the 
stable modification, this difference being ascribed to the unstable 
form. Such a course might be justified if it were perfectly certain 
that the ‘ Claisen mixture” is nothing more than a simple mixture 
of the two modifications, but one of the difficulties of the problem lies 
in the peculiarity that, although an artificial mixture of the two 
substances yields the unstable variety by fractional crystallisation, 
separation cannot be effected when the “Claisen mixture” itself is 
treated in the same way. 

It was not our intention to complicate the matter still further by 
re-opening the discussion, but a new fact has arisen from an attempt 
to gain fresh evidence by studying the behaviour of the two isomerides 
towards diazomethane. We find that this agent rapidly transforms 
the unstable variety into the stable form, whilst the latter is con- 
verted into the N-methyl ether, and as a consequence of this 
observation it will be necessary to proceed very cautiously in drawing 
conclusions regarding the structure of a compound from its behaviour 
towards diazomethane. We have searched in vain for records of the 
interaction of diazomethane and oximes, in the hope of being able to 
make, from our own experiments, some inference regarding the 
constitution of isonitrosocamphor ; a preliminary examination of the 
benzaldoximes has shown us that the anti-aldoxime (m. p. 35°) yields 
the O-methyl ether, whilst the syn-aldoxime (m. p. 128°) remains un- 
altered. The benziloximes have furnished oily products from which 
no definite conclusion can be drawn. 

Nevertheless, experiments have been described by other workers 
which bear indirectly upon the problem, in view of the conclusion by 
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Baly, Stewart, and Marsden regarding the possible presence of a 
nitroso-group. It has been shown by von Pechmann (Ber., 1897, 
30, 2461) that nitrosobenzene yields with diazomethane the 
glyoxime JV-pheny! ether, 


O,H,"N—CH-CH—N‘-C,H, 
ye SZ 
) 6 


subsequent experiments (von Pechmann and Nold, Ber., 1898, 31, 
557) indicating that the formation of a glyoxime N-pheny] ether is the 
normal result of action between an aromatic nitroso-compound and 
diazomethane. At first sight, this might be regarded as disposing 
finally of the possible presence of a nitroso-group in isonitrosocamphor, 
because, apart from the formation of an ethane derivative as dis- 
tinguished from the simple methane compound, doubtless due to the 
oxidising action of nitrosobenzene, the condition of the phenyl group 
with respect to oxygen is quite distinct from that of the camphoryl 
radicle in the N-methyl ether of isonitrosocamphor as represented by 
the formula : 


But analogy may be pressed too far, and it is impossible to deny that 
the behaviour of the stable isonitrosocamphor towards diazomethane 
may be construed as readily in favour of a nitroso-group, according 
to the view which is taken concerning the structure of the V-methyl 
ether. This compound, obtained in association with the O-ether bythe 
action of methy] iodide on isonitrosocamphor in presence of sodium 
methoxide (Trans., 1904, 85, 896), is pale yellow, has high specific 
rotatory power, and is resolved by acids into camphorquinone and 
alkylhydroxylamine with extraordinary facility, points in which it is 
closely resembled by the ethyl compound described in this communica- 
tion ; accordingly, we are disposed to prefer the representation 
O:N(CH,): 
CH c s) 


to the one already given, and Mr. Baly informs us that his examina- 
tion of the absorption spectrum has led him, independently, to the 
same conclusion, There seems to be little doubt that the various 
changes which diazomethane has been shown to effect can be explained 
on the assumption that the complex -N:N-CH,- is assimilated by some 
unsatisfied affinity of the co-operating molecule, the product then losing 
nitrogen in some cases, and retaining it in others. If now a nitroso- 


ss. 
ct 


—Cs ® 


pe ee en 
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group were present in the camphor derivative, the production of the 
N-methyl ether would be met by the following explanation : 


) 
g ae ou 


Nevertheless, we cannot admit that ieee is a true nitroso- 
compound. ‘The absence of a green or blue coloration on dissolution 
and fusion, together with the failure of the Liebermann test, must not 
be set aside without the strongest evidence. Moreover, the action of 
diazomethane can be explained by adopting the formula which is 
certainly indicated from the behaviour of the colourless methyl and 


benzoyl derivatives : 


v= —— — 
Cs —: 


C:N(CH,):0 
= CH <o ” © My 


We have not recognised the colourless methyl ether as accompanying 
the V-ether when diazomethane acts on the stable modification of iso- 
nitrosocamphor, but its absence does not bear materially on the relative 


merits of the formule: 
C——=N CN: = 


and © Hi he 


because the formation of quinonemonoxime O-methyl ether in 
association with the dihydroxy-derivative of glyoxime V-phenyl 
ether, 


C,H, ‘<Q(oH)-6 )O 


HO-C,H,N—CH-CH—N-C,H,OH 
0:C,H,:N-O°CH, and -_ yy 


when diazomethane acts on nitrosophenol (von Pechmann and Seel, 
Ber., 1898, 31, 296) may be merely due to the more acidic character 
of the hydroxyl group in the latter substance, and the existence of a 
hydroxyl radicle in isonitrosocamphor is not disputed. 

The action of diazomethane on oximino-compounds in general will 
probably develop into a fruitful subject for inquiry. Itis particularly 
significant that the B-benzaldoxime escapes attack under conditions 
which transform the isomeride into the O-methyl ether. This observa- 

VOL, XCUI Ss 
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tion is probably as damaging to the stereochemical hypothesis as any 
which has been made, and is in agreement with experiments recently 
described in connexion with oxime isomerism by Beck and Hase 
(Annalen, 1907, 355, 29), who have been led to conclude that the 
benzaldoximes are structurally distinct. 

In conjunction with the foregoing subject, we have studied the 
action of p-nitrobenzyl chloride on isonitrosocamphor in presence of 
sodium ethoxide, and have obtained three compounds, the relationship 
of which is not easy to explain. The principal crystalline product, 
melting at 175°, has the composition of a p-nitrobenzyl ether of 
isonitrosocamphor, C,,H,,0,N,, but associated therewith, and occur- 
ring in small quantities only, is a substance having the appearance of 
iodoform and melting at 214°, with an empirical formula C,,H,,0,N,, 
It is difficult to understand the change giving rise to the latter com- 
pound, because we have not been able to prepare it by another method, - 
but it may depend on the fact that a large proportion of the material 
employed is converted into a pale red, viscous oil, which develops an 
intense blue coloration with alcoholic potash. The scarcity of 
chromophoric substances in the camphor group renders this product a 
remarkable one, but, unfortunately, all attempts to prepare crystalline 
derivatives of the oil have failed. The only explanation of the colour 
which has hitherto suggested itself, depends on the possibility that the 


oil may be the W-p-nitrobenzyl ether of isonitrosocamphor, which, if 
represented by the type of expression advanced in the present com- 
munication, might be expected to change into a dienolic form with 
alkalis : 


(CoH O)!N-CHy-CjH NO, (CygH,0):N2C:0,H,:N0 
O OH OH ° 


The bright yellow compound, melting at 214°, is conceivably the 
anhydride of this dienol, 


(C,,H,,0):N:C:C,H,:N:0 
ee 


as the dissolved substance is rapidly decomposed by light, and de- 
colorises bromine immediately. The interaction of isonitrosocamphor 
and p-nitrobenzyl chloride is rendered still more obscure by the fact 
that p-nitrobenzyl bromide, acting in presence of silver oxide, yields an 
isomeric substance of composition O,,H,,0,N,, melting at 114°, 
together with the colour-giving oil. 

Although the foregoing remarks on the nature of these products are 
purely speculative, it has appeared desirable to record our experiments 
because another remarkable chromophoric substance is produced when 
iminocamphor is led to combine with formaldehyde, the product develop- 
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ing an intense magenta-red coloration with alcoholic potash. It seemed 
to us possible that if the V-methyl ether has the constitution 
O:N(CH,):O 
CH <ho : ’ 
such a substance, with empirical formula C,,H,,O,N, might arise from 
iminocamphor and formaldehyde : 
C,,H,,ON + CH,O =C,,H,,0.N. 

From this point of view, the experiment failed. Iminocamphor and 
formaldehyde certainly combine under the influence of acids in minute 
quantity, but the product is not the V-methyl ether; the intensely 
chromophoric material actually obtained has been isolated for a few 
minutes in the form of a sodium derivative which resembles indigo- 
blue in appearance, but this is immediately destroyed by acids, 
yielding camphorquinone, ammonia, and formaldehyde. 


EXPERIMENTAL. 
Action of Diazomethane on iso Nitrosocamphor. 


One gram of tsonitrosocamphor (stable modification, m. p, 152°), 
dissolved in pure dry ether, was treated with an ethereal solution of 
diazomethane prepared from 2°5 ¢.c. of nitrosomethylurethane ; as the 
agent was added, the yellow colour of the earlier portions disappeared 
immediately, and vigorous evolution of gas took place. After twenty- 
four hours, the liquid was extracted with very dilute aqueous potash, 
in which a faint coloration was developed, and on evaporating the 
ether there remained a yellow oil, readily identified as the N-methyl 
ether of isonitrosocamphor. 

On treating the unstable modification (m. p. 114°) with diazo- 
methane under similar conditions, involving excess of the agent, the 
same product arose, but the following experiment indicates that the 
formation of the N-methyl ether is preceded by conversion of the 
unstable isonitrosocamphor into the isomeric substance. Two equal 
portions of the unstable form were dissolved in ether, and, the 
solutions being of similar concentration, one was treated with a small 
quantity of diazomethane, representing a considerable deficit from one 
molecular proportion; after six hours in stoppered vessels, both 
solutions were allowed to evaporate spontaneously, the residue in each 
case being recrystallised from hot petroleum (b. p. 60—80°), From 
the blank experiment, the original material (m. p. 114°) was recovered, 
whilst the specimen which had been treated with a deficiency of 
diazomethane, furnished the stable modification (m. p. 152°) con- 
taminated with a very small proportion of the N-methyl ether. These 
experiments have been repeated several times. 
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Interaction of p-Nitrobenzyl Chloride and iso Nitrosocamphor in Presence 
of Sodium Ethoxide. 


Fifty grams of isonitrosocamphor were covered with 400 c.c. of 
absolute alcohol in which 6°5 grams of sodium had been dissolved; 
47 grams of finely-powdered p-nitrobenzyl chloride suspended in 
100 c.c. of alcohol were added to the dark red solution, this colour 
changing through green to dark blue as the mixture was heated on 
the water-bath. When boiled, however, the dark blue liquid suddenly 
became pale brown, and a precipitate appeared, augmenting during 
two to three hours; heating was discontinued, and after an interval 
of twelve hours the pale brown, crystalline deposit was filtered, the 
filtrate being evaporated to small bulk, and diluted with water. A 
further quantity of crystals separated, differing in appearance from 
the first crop; the remaining product was a viscous, red oil. 

The Compound, C,,H,,0,N,.—The less soluble material referred to 
above weighed 25 grams, and when twice recrystallised from boiling 
alcohol yielded lustrous, transparent, pale brown prisms, melting at 
175° without evolving gas : 

0°1839 gave 0°4343 CO, and 0:1001 H,O. C=64:40; H=6:10. 

03112 ,, 24:2 c.c. of nitrogen at 19° and 756mm. N=8°89. 

C,,H,,0,N, requires C=64'55 ; H=6'33 ; N =8°86 per cent. 

A solution containing 0°2694 gram in 25 ¢.c. of chloroform gave 
ay 2°39’ in.a 2-dem. tube, whence[ a], 123°0°, this value remaining un- 
changed after four weeks’ exposure to light. Attempts to obtain an 
oxime from this compound, or definite products of hydrolysis with 
acids and alkalis in alcoholic solution, have been unsuccessful. When 
heated at the melting point during a few minutes, the fused substance 
becomes pasty, owing to the separation of p-dinitrostilbene, which 
melts at 280—2Z85°. 

The Compound, C,,H,,0,N,.—The second crop of crystals amounted 
to about 2 grams only, and, in ten or more experiments which have 
been made since, occurred in even smaller quantity, or not at all. 
After treatment with a little cold alcohol to remove the oily mother 
liquor, the substance was crystallised from the hot solvent, separating 
in lustrous, transparent, canary-yellow plates, melting at 214° without 
evolving gas: 

0°1821 gave 0°4544 CO, and 0:1043 H,O. C=68:06 ; H=6-42. 

0:2640 ,, 22-2 cc. of nitrogen at 18° and 761mm. N=9°72. 

C,,H,,0,N, requires C= 68°45 ; H=6:04; N=9-40 per cent. 

A solution containing 0°5737 gram in 25 c.c. of chloroform, when 
freshly prepared, gave a, —3°0’ in a 2-dem. tube, corresponding with) 
[a]lp -—65°3°, but this rotation diminished when the liquid was exposeg fi 
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to diffused daylight, reaching [a], —55°5° in about three hours ; on 
further exposure, the solution became deep brown, with green 
fluorescence, and was too dark to examine in the polarimeter. 

The substance is insoluble in cold petroleum, but dissolves in the 
boiling liquid, forming a colourless solution which deposits the 
characteristic yellow plates on cooling. 

The Chromophoric Oil.—The viscous, red oil remaining after the 
compounds, C,,H,,O,N, and C,,H,,0,N,, have been removed, 
represents the main bulk of the product from isonitrosocamphor and 
p-nitrobenzyl chloride. The oil is insoluble in water, but dissolves 
readily in organic media, and on adding caustic alkali to its solutions 
in methyl, ethyl, or isobutyl alcohol an intense blue coloration is 
developed ; this change does not take place, however, when ether, 
benzene, chloroform, petroleum, or phenol is used as a medium in place 
of the alcohols, but the colour is developed by baryta as strongly as by 
potash or soda, and more slightly by alcoholic ammonia. The blue 
solution loses its colour on adding excess of the oil which produces it, 
and dilution with water has the same effect ; acids also destroy the 
colour, which is restored by alkalis. 

Attempts to convert this compound into a permanent, crystalline 
derivative which could be analysed have been unsuccessful ; it is not 
volatile in steam, and an attempt to distil under 2 mm. pressure led to 
complete decomposition at 140—150°, neither the distillate nor the 
residue giving the faintest indication of the blue colour after this 
treatment, although continued exposure to 100° has no effect on the 
chromophorie properties. Nevertheless, the colour-giving oil appears 
to be the uniform companion of the p-nitrobenzyl derivative of 
igonitrosocamphor as prepared above, and we have obtained it also 
when sodium dissolved in isobutyl alcohol is substituted for sodium 
ethoxide, although under these conditions the crystalline derivatives do 
not appear. Moreover, a paste composed of the potassium derivative 
of tsonitrosocamphor, p-nitrobenzyl chloride, and alcohol, remaining at 
the laboratory temperature during many days, develops the chromo- 
phoric substance together with the compound C,,H,,.0,N,. 

In view of the fact that, associated with the foregoing products, 
there is produced in varying proportion the p-dinitrostilbene, melting 
at 280—285°, obtained by Walden and Kernbaum (Ber., 1890, 23, 
1959) from p-nitrobenzyl chloride and alcoholic potash, it seemed 
possible that the chromophoric substance was a stilbene derivative ; 
the authors quoted, however, do not refer to a compound of this 
nature, and on repeating their experiment we failed to recognise the 
oil furnished by the camphor derivative. Moreover, the compound is 
_ not produced when isonitrosocamphor is heated with benzyl chloride in 
presence of sodium ethoxide. 
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Interaction of p-Nitrobenzyl Bromide and isoNitrosocamphor in 
Presence of Silver Oxide. 


When p-nitrobenzyl bromide acts on isonitrosocamphor in presence 
of sodium ethoxide, the blue coloration is developed as in the case of 
the chloride, and quickly disappears on warming, but the compounds, 
C,,H,,0,N, and C,,H,,0,N,, do not appear to be formed, the sole 
products being p-dinitrostilbene and the colour-giving oil. On 
repeating the experiment with dry silver oxide instead of sodium 
ethoxide, silver bromide quickly separated, and the filtered liquid 
deposited colourless prisms which melted at 114°: 

0°2055 gave 0°4871 CO, and 0:1207 H,O. C=6463; H=658, 

03154 ,, 23°9 c.c. of nitrogen at 16° and 765 mm. N=8°98, 

C,,H,,0,N, requires C= 64'55 ; H=6°33 ; N=8-86 per cent. 

A solution containing 0°3502 gram in 25 c.c. of chloroform gave 
ap 3°52’ in a 2-dem. tube, whence [a], 138°0°. 

This compound does not arise when p-nitrobenzyl chloride is used 
instead of the bromide, the sole recognisable product being the colour- 
giving oil, which also accompanies the crystalline compound in the 
foregoing experiment. As in the case of the pale brown isomeride 


melting at 175°, attempts to obtain an oxime, or definite products of 
hydrolysis, have failed, and accordingly the relationship between the 
two isomerides remains unexplained. 


Action of Formaldehyde on Iminocamphor. 


One gram of camphorylazoimide was converted into iminocamphor 
by suspending the ethereal solution over 2 c.c. of 40 per cent, aqueous 
potash, and adding 2 drops of absolute alcohol; when effervescence 
ceased, the ether was filtered, cooled in melting ice, and mixed with 
an ethereal solution of formaldehyde. One drop of 10 per cent. 
sulphuric acid was added, and the liquid, still at 0°, stirred during 
fifteen minutes. On adding sodium methoxide dissolved in methyl 
alcohol, an intense, magenta-red coloration was developed, and ether 
precipitated a bulky, amorphous solid; the filtered product, when 
drained on earthenware, consisted of an indigo-blue substance with 
bronze lustre, but was too unstable to admit of complete examination, 
quickly disappearing from the tile. The freshly-prepared substance, 
however, displayed properties which might be expected in the sodium 
derivative of a highly unstable compound from iminocamphor and 
formaldehyde. On covering the solid with cold dilute sulphuric acid, 
the colour was destroyed immediately, and effervescence took place; 
the odour of formaldehyde was noticeable, and became very intense on 
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boiling, when camphorquinone separated. After the latter had been 
removed by extracting the cold liquid with ether, ammonium sulphate 
remained in the solution, but hydroxylamine was absent. 

An ethereal solution of the substance gives no distinctive indica- 
tion with ferric chloride or copper acetate, and, although attempts 
have been made to isolate some crystallisable derivative, neither 
benzoyl chloride nor the m-nitro-derivative has furnished a stable 
product. The colour change does not occur when camphorylazoimide 
itself is treated in the same way, nor will iminocamphor yield a 
compound with formaldehyde unless the mixture is treated with 
asmall quantity of acid. It is possible, however, to substitute acetic 
for sulphuric acid, and the former agent has the advantage of 
hydrolysing the imine less freely than mineral acid; on the other 
hand, the colour produced by alcoholic alkali is less intense when 
acetic acid has been employed. If the magenta solution is diluted 
with water, the colour disappears after a few minutes have elapsed, 
and is not restored by potash ; nevertheless, on adding enough acid, 
mineral or acetic, to destroy the red colour of an undiluted solution, 


alkali develops it once more. 


: H,):0 
The N-Ethyl Ether of isoNitrosocamphor, C,H, Mm o_ 5) : 


One hundred grams of isonitrosocamphor were mixed with 500 c.c. 
of absolute alcohol in which 13 grams of sodium had been dissolved, 
and heated on the water-bath with 95 grams of ethyl iodide under 
reflux during two hours. Alcohol and unused iodide having been 
removed by distillation, a current of steam was passed through the 
liquid in order to separate the O-ethyl ether, a colourless solid which 
melts at 73°, and is volatile in steam ; on adding sodium carbonate to 
the filtered liquid, the V-ethyl ether was precipitated, and, after drying 
the ethereal extract with calcium chloride, was deposited on evaporation 
in the form of pale yellow crystals melting at 57°: 

02447 gave 14:7 c.c. of nitrogen at 17° and 756 mm. N=6°66. 

C,.H,,0,N requires N = 6°69 per cent. 

A solution containing 0°3116 gram in 25 c.c. of chloroform gave 
ap 6°11’ in a 2-dem. tube, whence [a ]p 248°1°. 

The W-ethyl ether is less soluble in hot water than in cold, which 
dissolves it readily, and from which it is precipitated by sodium 
carbonate or caustic potash; it is freely soluble in organic media. 
When heated with Fehling’s solution, the latter is reduced, and 
boiling dilute acids resolve it immediately into camphorquinone and 
ethylhydroxylamine, 
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Action of Hydrogen Peroxide on Camphorquinone. 


With the object of confirming the evidence in favour of the general 


formula, — for the V-alkyl ethers of isonitrosocamphor, 


an attempt was made to oxidise the first member of the series with 
hydrogen peroxide in the hope that this agent would convert it into 
camphorquinone and nitromethane : 


C:N(CH.):O C:0 
OH <n s) + 0, ies CSHi<b-6 + CH,°NO,. 


An aqueous solution of the V-methyl ether was therefore heated on 
the water-bath with hydrogen peroxide, when a colourless, viscous oil 
separated, and did not re-dissolve on cooling ; although some change is 
thereby indicated, nitromethane could not be recognised. On heating 
tho product with dilute sulphuric acid, a faint yellow colour was 
developed, and the liquid deposited a colourless solid on cooling; 
recrystallisation from water, followed by analysis, showed this to be 
camphoric anhydride : 

0°1771 gave 0°4268 CO, and 0:1236 H,O. C=65°73; H=7-75. 

C,)H,,0, requires C= 65°96 ; H=7-69 per cent. 

Suspecting that the anhydride might arise also from camphor- 
quinone, 10 grams of the latter were mixed with 50 c.c. of 30 per 
cent. hydrogen peroxide, when the paste became hot and inflated with 
gas; after thirty-six hours, the colour of the quinone had dis- 
appeared, and the product was readily identified with camphoric 
anhydride. 


Roya CoLueEcE oF Science, Lonpon, 
Sout Kensineron, S.W. 


XXIII.—The Constitution of Umbellulone. Part III. 


By Frank Turtin, 


IN previous communications (Trans., 1906, 89, 1104; 1907, 91, 
271) the author’s conclusions respecting the constitution of umbellulone 
have been set forth, but in view of some criticisms recently published 
by Semmler (Ber., 1907, 40, 5017) it appears desirable that the 
subject should again be discussed. 

Umbellulone was first isolated by Power and Lees (Trans., 1904, 
85, 629) from the essential oil of Umbellularia Californica, Nuttall 
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(Californian laurel). It was shown by them to possess the formula 
(,9H,,0, and to be a bicyclic ketone containing an ethylenic linking 
in the aB-position with respect to the carbonyl! group. 

In the first communication -by the present author, the behaviour of 
umbellulone on oxidation with potassium permanganate was studied. 
When submitted to this treatment, it gave a saturated keto-acid, um- 
bellulonic acid, C,H,,0,, which on distillation passes into an un- 
saturated lactone, C,H,,0,. The latter, on oxidation, yielded umbellu- 
laric acid, a polymethylenedicarboxylic acid, possessing the formula 
C,H,,0, These changes may be represented as follows : 


OH <oygP OH —> CeHie<Zo? CH, —> (% By <oGH): cn,) 
able Umbellulonic sot, Enolic modification. 
CO 
—> OHy<>0 -> OH, CoH 
Lactone. , Umbellularic acid. 

It was stated regarding umbellularic acid, that its general properties, 
especially its great stability, “indicate that it is one of the tetra-, 
penta-, or hexa-methylenedicarboxylic acids.” It was not, however, 
at that time considered necessary to state in detail the reasons for 
concluding that it could not be a trimethylene compound. Since the 
hexamethylenedicarboxylic acids are all known, and the oxidation 
products of umbellulone are not identical or stereoisomeric with those 
of pinene, it was concluded that umbellularic acid was most probably 
a methylpentamethylenedicarboxylic acid. From these _ results, 
together with other considerations (Joc. cit.), it was concluded that 
umbellulone was most probably represented by the following formula : 

CH,—-CH CO 
CH,-CHMe 
CH—-CMe——CH 

Umbellulonic and umbellularic acids respectively, would then have 
the following constitutions : 

CH-CO,H CH:CO,H 


MeCH CH, MeCH CH, 
bn,-GH-CO-CH, CH,-CH-CO,H 
Umbellulonic acid. Umbellularic adh 

This conclusion is in harmony with the observation, recorded in the 
author’s second paper (loc. cit.), that when the ring contained in 
umbellulonic acid is opened by the addition of two atoms of hydrogen, 
8-hydroxy-a-isopropyl-n-hexoic acid is obtained. 

Although, as stated above, the reasons for concluding that 
umbellularic acid was not a trimethylene compound were not detailed 
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in the original communication, it now appears necessary that these 
should be considered. If umbellularic acid does not contain a fiye- 
membered ring, it must be represented by the following formula : 


CH; 0H-C(CO,H):CH-CO,H 
CH, . : 


ra 
GH, 


It is well known, however, that the cyclopropane ring is, in general, 
somewhat unstable. A. Kotz has pointed out (J. pr. Chem., 1903, [ii], 
68, 174) the generalisation that simultaneous substitution by a 
carboxyl group and an alkyl or phenyl radicle decreases the stability 
of the cyclopropane ring, and, furthermore, that in the presence of an 
alkyl or phenyl group the instability increases with the number of 
carboxyl groups. With consideration of these conclusions, O, Aschan 
(Chemie d. Alicyclischen Verb., 1905, p. 244) adds that, in general, the 
occurrence of a quaternary carbon atom appears to increase the 
readiness with which the cyclopropane ring is opened. According to 
these generalisations, the isopropyleyc/opropanedicarboxylic acid repre- 
sented above should be a compound in which the ring is readily 
ruptured, for it contains a cyclopropane ring substituted with an alkyl 
radicle and two carboxyl groups, and, moreover, it also contains a 
quaternary carbon atom. 

Umbellularic acid, however, is an extremely stable substance. It 
is unaltered by heating with concentrated hydrochloric acid for five 
hours at 190°, and hydrobromic acid also has no action on it. It is 
not appreciably oxidised by alkaline potassium permanganate at 60°, 
and was recovered unchanged after boiling for ten hours with eight 
times its weight of a mixture of three parts of fuming nitric acid and 
one part of water. When heated for two hours on the water-bath 
with bromine and red phosphorus, it was also recovered unchanged, 
and after boiling for five hours with undiluted fuming nitric acid, 
besides unchanged umbellularic acid, only a trace of oxalic acid was 
obtained. In addition to considerations concerning the stability of 
the ring, it would not be expected that a compound containing an 
isopropyl group would exhibit such great stability towards nitric acid, 
as p-cymene, for example, when treated with this acid in the cold, 
gives p-tolyl methyl ketone, together with other compounds, and when 
warmed with nitric acid yields p-toluic acid. isoPropylsuccinic acid, 
also, is fairly readily attacked when heated with fuming nitric acid. 
The properties of umbellularic acid therefore certainly seem to indi- 
cate that it does not possess the cyclopropane structure. 

Semmler, in his recent publication (Joc. cit.), states in the first 
place that the physical properties of umbellulone are not in agreement 
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with those of bicyclo-2 : 2: 2-octanone (Ber., 1907, 40, 4844), and that 
therefore either umbellulone or the bdicyclo-2: 2: 2-octanone must be 
incorrectly represented. 

In this connexion it may be noted first of all that Semmler has 
evidently never had even approximately pure umbellulone in his 
possession. Furthermore, if umbellulone is represented by the formula 
which I have proposed, it is not analogous to Semmler’s octanone, since 
the latter, having the bridge in the para-position, can be represented 
only as a cyclohexane compound with a bridge of two carbon atoms, 
whilst the former contains a meta-bridge, and can, with equal correct- 
ness, be represented as a cyclohexane compound with a bridge of two 
carbon atoms, or as a cycloheptane derivative with a bridge of one 
carbon atom. Lastly, experimental proof of the correctness of the 
formula assigned by Semmler to his ‘‘ bicyclo-2 : 2 : 2-octanone”’ appears 
to be lacking. 

Semmler then proceeds to prepare the material which I had 
designated “ 8-dihydroumbellulone,” from which he forms a hydroxy- 
methylene and a benzylidene derivative, and, by oxidation of the 
latter, obtains d-homotanacetonedicarboxylic acid. This series of 
changes he represents as follows : 


CH CO—CH CH } 

Non-cZ —, Noon, — *Son-cZ —, *Ycn-on, 
\ cH, CH” 
Umbellulone. B-Dihydroumbellulone. 

CH CO——C:CH’°C,H, 

“Ycu-ee _ SCH-CH, 
CH, \CH,* CH 
Benzylidene derivative. 


CO,H CO,H. 


: SCH-CH, 
cH,” | \CH,——CH” ; 
Homotanacetonedicarboxylic acid. 

From these results, Semmler is led to the conclusion that umbellu- 
lone is an unsaturated ‘“ tanacetone of the menthone series,’ in which 
the double linking is adjacent to the ketonic group. Umbellularic 
acid would consequently be 1-isopropyleyclopropane-1 : 2- dicarboxylic 
acid, but, as I have pointed out above, its properties are not in 
accordance with this view. 

With the exception of Semmler’s remark concerning the physical 
properties of umbellulone, which has already been dealt with, his 
conclusions regarding the constitution of this ketone are based 
entirely on experiments conducted with “ 8-dihydroumbellulone ” and 
its derivatives. It is of paramount importance therefore to inquire 
into the nature of the preparation which, in my first paper on 
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umbellulone, I had designated as ‘‘ B-dihydroumbellulone.” In the 
first place, however, consideration may be given to the character of the 
“‘ymbellulone” employed by Semmler. 

The material available to Semmler for the purpose of his investigation 
of umbellulone consisted of 100 grams of the essential oil of Umbellularia 
Californica which had been wnetied to him, at his request, by Dr, 
Power. This oil was a portion of the identical material which had 
been used in my work on umbellulone. It is stated by Semmler that 
the umbellulone can be separated from this oil by fractional distilla- 
tion, but this is not strictly correct, as by this means it is impossible 
to obtain the pure ketone. Power and Lees (loc. cit.), by a very 
careful and prolonged fractionation of 1200 grams of the oil, obtained 
a fraction boiling at 217—222° (ap — 36°33’ in a 1-dem. tube) which 
gave, on analysis, C=78:°9; H=9:9. On subjecting this to further 
fractionation, a portion was obtained which boiled constantly at 218°, 
and, on analysis, gave C=79'1; H=9°8. Since C,,H,,0 requires 
C=80-0; H=9°3, and C,,H,,0 requires C=78°9; H=10°5, these 
fractions were evidently mixtures. Moreover, on treating the fraction, 
b. p. 217—222°, with semicarbazide, it gave, at the most, only 55 per 
cent. of the theoretical yield of semicarbazidodihydroumbellulone- 
semicarbazone. That this deficiency is not due solely to the incom. 
plete interaction of the ketone and the base, is seen from the fact that 
a very much better yield of the semicarbazido-derivative may be 
obtained by employing pure, regenerated umbellulone. Umbellulone, 
when regenerated from its semicarbazidosemicarbazone, has ap — 37° 
ina l-dem. tube, and gave C=79'7; H=9°3 (C,,H,,0 requires 
C=80:0; H=9°3 per cent.). Since the product which Semmler 
regarded as umbellulone had a) — 31°30’ in a l-dem. tube, it was 
evidently still more impure than the fraction (b. p. 217—222°, 
ay — 36° 33’) obtained by Power and Lees, which, as shown above, and 
as recognised by them, was a mixture of substances. 

It was therefore with consideration of the uncertainty regarding the 
composition of the fraction of the essential oil of U. Californica which 
contains umbellulone that my inferences concerning the constitution 
of the latter were based only on the products obtained from the pure, 
regenerated ketone. 


B-Dihydroumbellulone. 


The ‘‘umbellulone” which was submitted to the action of sodium 
and alcohol, both in my experiments and in those conducted by 
Semmler, was only a particular fraction of the essential oil. As 
pointed out above, this material is not pure umbellulone, but gives 
results on analysis which are approximately the mean of those which 


TUTIN: THE CONSTITUTION OF UMBELLULONE. PART III. 257 


would be obtained for substances possessing the formule C,,H,,0 and 
C,)H,,0 respectively. 

Reduction of “ Umbellulone.”—In an unpublished experiment con- 
ducted by Mr. Lees, he reduced 25 grams of the umbellulone fraction 
(b. p. 217—-222°) by means of sodium and alchohol. Some resinifica- 
tion ensued, and only 16 grams of volatile product were obtained. 
This material, which distilled almost entirely at 134—135°/70 mm., 
and behaved towards bromine as an unsaturated substance, was 
converted into the acetate. The latter was fractionally distilled, and 
the most constant-boiling portion (11 grams), which passed over at 
144—146°/70 mm., separately collected. This was analysed : 

01480 gave 0°4004 CO, and 01344 H,O. C=73:8; H=10'l. 
C,,H,,;*O°CO-CH, requires C=74'2; H= 9:3 per cent. 
C,,H,,,0'CO-CH, , C=755; H=102 ,, 

This acetate of constant boiling point was hydrolysed, and the 
resulting alcoholic product fractionally distilled, when the greater 
portion passed over between 207° and 212°. This product, when 
dissolved in chloroform, readily decolorised a solution of bromine in 
the same solvent. It was analysed with the following result : 

00749 gave 02146 CO, and 0:0784 H,O. C=78:2; H=11°6. 

C,,H,,0 requires C=78-9 ; H=10°5 per cent. 
C,H,O , C=779;H=117 ,, 

My own experiments on the reduction of umbellulone, which were 
not given in full in the previous communications (/oc. cit.), resulted as 
follows: 25 grams of the umbellulone fraction (b. p. 215—225°; 
a, —34°4’) gave, on reduction, 17 grams of an unsaturated, alcoholic 
product. This was therefore again submitted to the action of sodium 
and alcohol, but was recovered apparently unchanged and was still 
unsaturated, no loss by resinification occurring during the second 
treatment. The product was then fractionated, when the greater part 
passed over at 132—134°/70 mm., or at 208—210° under the ordinary 
pressure, This material had the following constants: d 20°/20° = 
0°9307 ; ap — 27°52’ ina 1-dem. tube. On analysis : 

00947 gave 0°2722 CO, and 0°0988 H,O. C=78:4; H=11°5. 

C,)H,,0 requires C=78°9 ; H=10'5 per cent. 
C,,H,,0 , C=779;H=117 ~ ,, 

This analysis entirely confirms the results obtained by Lees, and 
the only conclusion that can be drawn is that the product of the 
action of sodium and alcohol on the umbellulone fraction is a mixture 
of alcohols possessing the formule C,,H,,0 and C,,H,,0 respectively. 
The result is, in fact, such as might be expected, for the material 
which was reduced appeared to be a mixture of ketones possessing 
the formule C,,)H,,0 and C,,H,,0 respectively. 
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Since the “ dihydroumbellulol ” described by Semmler was prepared 
in the above manner, and from a portion of the identical oil employed 
by me, it would naturally be expected to consist of a similar mixture, 
It is stated to have had the following.constants: d 20°=0:931 ; 
ay —27°30' in a l-dem. tube, and, on analysis, gave C=77:37; 
H=11:22 per cent. These figures for the density and rotation are 
practically identical with those found by me, as given above, but the 
analysis cannot be said to agree with any formula. It is evident, 
however, that Semmler’s preparation must have been essentially the 
same as that obtained by Mr. Lees and by the present author. 

Oxidation of the Reduction-product.—Fifteen grams of the above- 
described mixture of alcohols (see Trans., 1906, 89, 1118) gave, on 
oxidation with a chromic acid mixture, 6 grams of a product, boiling 
at 204—209°, which was designated “ 8-dihydroumbellulone.” This 
material, when dissolved in chloroform, readily decolorised a solution 
of bromine in the same solvent, and, on analysis, gave results in 
agreement with those required for the formula C,,H,,0. This was 
confirmed by analysis of the semicarbazone. Since 6 grams of a 
ketonic product, C,,H,,0, had been obtained by oxidising 15 grams of 
a mixture of unsaturated alcohols, C,,H,,0 and C,,H,,0, it was stated 
that the former alcohol must have been destroyed. 

The semicarbazone of this ‘ 8-dihydroumbellulone”’ was prepared, 
and was first obtained in a viscous condition, but after standing for 
some time it became solid. It was then dissolved in alcohol and 
allowed to crystallise, when a product melting at 150° was obtained. 
On recrystallisation from a mixture of ethyl acetate and light 
petroleum, the melting point of this product was raised to 155—156°. 
This material has now been fractionally crystallised from ethyl 
acetate, when the melting point of the most sparingly soluble fraction 
gradually rose, and eventually about 30 per cent. of the product was 
obtained in well-defined needles, which were sparingly soluble in ethyl 
acetate, and melted sharply at 204°. The ketone regenerated from 
this semicarbazone (m. p. 204°) behaved towards bromine as a 
saturated compound, and is doubtless the substance which gave rise to 
Semmler’s benzylidene derivative. The more readily soluble portions 
of the semicarbazone, which formed the greater part of the material, 
gave a ketone which, when dissolved in chloroform, instantly 
decolorised a solution of bromine in the same solvent. 

The name “ 8-dihydroumbellulone” ought therefore to be discarded, 
since the preparation is a mixture. 

The “ B-dihydroumbellulone” prepared by Semmler had the same 
characters as the liquid which I had described under that name, but 
he failed to observe that the preparation is a mixture, consisting, to a 
considerable extent, of an unsaturated substance. The semicarbazone 
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obtained by him melted at 150°, and was evidently the above-described 
mixture. 

The foregoing results may be summarised as follows : 

The umbellulone obtained by the fractional distillation of the 
essential oil of Californian laurel is not the pure ketone, C,,H,,0, but, 
on analysis, gives results agreeing with those yielded by a mixture of 
substances, C,,H,,0 and C,,H,,0. 

When this umbellulone fraction is reduced, it gives about 70 per 
cent. of its weight of an unsaturated mixture of alcohols, C,,H,,O and 
CoH, 30. 

On oxidising this mixture of alcohols, the former one is readily 
destroyed by the excess of the oxidising agent, and less than a 50 per 
cent. yield of a ketonic product (“ @-dihydroumbellulone ”), C,,H,,O 
is obtained. 

The explanation of this appears to be that the original fraction of 
the oil is a mixture of ketones, C,)H,,O and C,)H,,0, which, on 
reduction, yields the corresponding alcohols, that is, umbellulol and 
a product, C,,H,,"OH. This conclusion is in agreement with the 
unsaturated character of the material. On treating this mixture 
with chromic acid, the umbellulol is broken down, and “ #-dihydro- 
umbellulone” is obtained from the product, C,,H,,"OH, from which 
consideration it appears highly probable that “ 8-dihydroumbellulone ” 
is not a derivative of the ketone from-which it was named.* Finally, 
this “ B-dihydroumbellulone” is a mixture of at least two ketones, 
one of which is saturated, and one unsaturated. 

It was from a constituent of this mixture of unknown origin that 
Semmler prepared homotanacetonedicarboxylic acid, and such is the 
foundation upon which he has based his conclusions respecting the 
constitution of umbellulone. 

Apart from the above considerations, Semmler represents “ #-di- 
hydroumbellulone” as umbellulone in which the double linking has 
been reduced. This view, however, could not possibly be correct, 
even if “ B-dihydroumbellulone” were a definite derivative of um- 
bellulone, since a-dihydroumbellulone (m. p. of semicarbazone 177°), 
a compound which is certainly a pure, saturated derivative of 
umbellulone, must be represented in this manner. a-Dihydro- 
umbellulone is not only formed by the reduction of monobromo- 
umbellulone (Lees, Trans., 1904, 85, 639), but can also be obtained 
by the reduction, with zinc dust and acetic acid, of umbellulone 
dibromide, the initial product of the interaction of bromine and 
umbellulone at 0°. 

* With the exception of ‘‘8-dihydroumbellulone,” all compounds described by 
Power and Lees, by Lees, or myself as derivatives of umbellulone have been proved 
to be derived from this ketone. 
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Lastly, the experimental facts recorded in my two previous con- 
munications on umbellulone prove conclusively that this ketone can 
only be represented either by the formula which I believe .to be 
correct (I), and which is in harmony with the properties of umbellu- 
laric acid, or by the one preferred by Semmler (II): 

CH, CH CO a 
| CH,-CHMe EN on-0Z **No-cH, 


! ‘ i ‘ ‘ My er 
CoH—ome—-~cH “Hs \CH,-CH 


(I.) (II.) 

If the latter formula were correct, it would certainly appear that 
tetrahydroumbellulone must be menthone, but this is not the case, as 
the former product, which is not an individual substance but probably 
consists of stereoisomerides, boils at 197—198°, and is totally devoid 
of mint-like odour. 

It is seen therefore that the conclusions so hastily drawn by 
Semmler, from his experiments with a small quantity of impure 
umbellulone, are absolutely devoid of value, in so far as the constitution 
of this ketone is concerned. At the most, they may serve to indicate 
the nature of a ketone other than umbellulone which occurs in 
Umbellularia oil, or, in other words, the crude umbellulone may contain 
l-tanacetone or a “ tanacetone of the menthone series.” 


THE WELLCOME CuEMICAL RESEARCH LABORATORIES, 
Lonpon, E.C. 


XXIV.— Valency. 


By Joun Ausert Newton Frienp, Ph.D. 


Tuat atoms, as distinct from groups, are capable of entering into 
chemical combination with one another, was first realised by Frankland 
in 1852. Simultaneously, in 1858, Couper and Kekulé extended this 
view, and laid the foundation of our present theory of valency. 

No theory can be regarded as complete, however, which does not 
explain the following phenomena. 


I.—The Valency of most Elements Apparently Varies. 


Kekulé believed that valency was constant. Thorpe’s discovery of 
phosphorus pentafluoride (Annalen, 1876, 182, 201), in which phos- 
phorus is quinquevalent, whereas in hydrogen phosphide it is tervalent, 
showed that this assumption was untenable. It was argued, however, 
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that in the latter compound the two unused valencies saturated each 
other. The fact that in ferrous chloride (FeCl,) there is only one 
unsaturated valence was explained by doubling the formula, The 
discovery of Nilson and Petterson (Zeitsch. physikal. Chem., 1888, 2, 
669), that the three chlorides of indium can exist in the gaseous state, 
namely, InCl, InCl,, and InCl,, apparently proves, however, that 
valency is not constant. 


Il.—Electropositive Elements Readily Combine with Electronegative to 
Form the most Stable Compounds. 


This has led several chemists to suggest electrochemical theories of 
valency. In 1899, Abegg and Bodlinder (Zettsch. anorg. Chem., 1899, 
20, 453) discussed one such in full, but it presented several difficulties 
and has not been generally accepted. 


I1.—Electropositive and Electronegative Elements Combine both with 
Themselves and with other Elements of the same Sign to Form 
Fairly Stable Molecules. 


This is difficult to explain if a purely electrochemical theory of 
valency is accepted. On the other hand, if valency is regarded merely 
as an attractive force existing between any two atoms, no explanation 
is forthcoming for the fact that elements of opposite sign combine 
with great readiness, whereas it has not been found possible to prepare 
compounds of fluorine and oxygen or fluorine and chlorine. 


IV.—Molecules can Combine with other Molecules to Form Highly 
Stable Complexes. 


Under this heading are classified the well-known double salts and 
compounds containing water of crystallisation, &c. 

They were explained in an unsatisfactory manner by assuming the 
existence of an indefinite residual valency. Abegg (Zeitsch. anorg. 
Chem., 1904, 39, 331) has given expression to the view that associ- 
ated molecules and molecular compounds are due to the unsaturated 
valencies of the atoms composing the molecules. But according to the 
generally accepted views on valency, the atoms in the molecules CuSO, 
and H,O are saturated, nevertheless, the molecule Cu80,,5H,0 is 
exceedingly stable. The ammino-compounds of platinum and the allied 
metals, owing to their great complexity, offered unusual difficulty in the 
assignment of suitable structural formule. By a very ingenious theory, 
Werner has been able to divide these complexes into well-defined 
groups, and to give them suitable formulx. When, however, his 
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theory is applied to such simple compounds as ammonium chloride, it 
is found to be unsatisfactory. 

In order to meet these and other difficulties, the author distin. 
guishes three kinds of valency, namely, free positive, free negative, 
and residual] or latent valency. 


1.—Free Negative Valency. 


Since hydrogen is electropositive and univalent, only those elements 
which possess a negative valence can combine with it. It is an inter- 
esting observation that no duly authenticated compounds are on 
record containing hydrogen attached to one atom of the same element 
in two or more proportions. Thus, whilst hydrogen phosphide and 
methane are easily prepared, the radicles phosphonium and methy] 
have resisted all attempts at isolation, Experiment seems to indicate 
that ammonium can exist as an amalgam with mercury, but it is not 
possible to prepare it in the free state (Rich and Travers, Trans., 
1906, 89, 872). As a general rule, therefore, hydrides may be re- 
garded as trustworthy guides to the numerical value of the free 
negative valencies of the elements. (Exceptions to this rule are 
considered later.) 


2.—Free Positive Valency. 


In addition to negative, some elements possess positive valency, 
and may be termed amphoteric (Abegg, Joc. cit., p. 340). Others 
apparently possess only positive or only negative. 

The numerical value of the positive valency is not so easily deter- 
mined as that of the negative, since we have no negative element 
corresponding with hydrogen, which combines with one atom of any 
other element in only one proportion. Abegg adopts the suggestion 
of Mendeléeff (Ostwald’s Xlassiker, 68, 48), and assumes that the 
highest oxygen compounds, omitting peroxides, give the maximal 
valency of the elements. Not only is this method somewhat uncer- 
tain owing to the bivalent nature of oxygen, but it is inconsistent. The 
valency of manganese, for example, is decided by a much higher and 
more unstable oxide (Mn,0,) than the peroxide. 

The author suggests that fluorine is the most suitable element for 
determining the maximal positive valency of the elements. Martin 
(Chem. News, 1904, 89, 49) has already drawn attention to the 
similarity of oxygen and fluorine, and the latter element possesses the 
decided advantage of being univalent. (The fact that at lower 
temperatures the hydride, HF, has the double formula, will be alluded 
to later.) 

Chlorine, fluorine, and oxygen are the only elements which possess 
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free negative, but no free positive valencies. Metals apparently 
possess free positive valency alone, A list of all the amphoteric 
slements, together with their fluorides and hydrides, is given in the 
adjoining table. The fact that in nearly every case the sum of the 
free valencies is eight is very remarkable. Some chemists have 
assumed that every element possesses eight valencies (Abegg, loc. cit. ; 
Morozoff, J. Russ. Phys. Chem. Soc., 1906, 38, ii, 481). The 
assumption is not borne out, however, in the case of the inert gases 
and the alkali metals. Although no fluoride of nitrogen has as yet 
been isolated, this element is regarded as amphoteric, for reasons which 
appear in the sequel. 
Amphoteric Elemenis.' 


Free negative Free positive Total free 
Element. Hydride. valency. Fluoride. valency. valency. 


Antimony 


Nitrogen 
Phosphorus ... 
Selenium 
Silicon 

Sulphur 
Tellurium 


1 Contrast Abegg (Joc. cit., 340). 2 Ruff and Plato (Ber., 1904, 37, 673). 
5’ Ruff and Graf (Ber., 1906, 39, 67). 

‘ Gay Lussac and Thenard (Ann. Chim. Phys., 1809, 69, 204). 

> Prideaux, (Proc., 1905, 21, 240). 

§ Moissan (Compt. rend., 1890, 110, 276, 951). 

7 Gore (Uhem. News, 1871, 24, 291). 8 Thorpe (Joc. cit.) 

® Prideaux (Trans., 1906, 89, 316). 

” Moissan and Lebeau (Compt. rend., 1900, 180, 865). 

U Ruff and Stauber (Zeitsch. anorg. Chem., 1905, 47, 190). 

” Gay Lussac and Thenard (Gilbert’s Annalen, 1809, 32, 1). 
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3. Residual or Latent Valency. 


By residual or latent valency the author understands positive and 
negative valencies, which differ from the above mentioned free 
valeucies in that they can only be called out in pairs of equal and 
opposite sign. They do not differ in their chemical nature, however, 
as will be shown in the sequel. 

Since positive valencies cannot unite with positive, or negative with 
hegative, 1t is necessary to assume the existence of this latent valency 
to explain the formation of diatomic or polyatomic molecules either of 
the same element or uf different elements of the same sign. 

lhus the molecules of uydrogen and oxygen are represented by the 
schemes ; 
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In order to distinguish between the free and latent valencies, it is 
suggested that the former be represented by thicker lines, asabove, It 
is assumed that the latent valencies, when not in actual use, saturate 
themselves, whereas the free valencies in similar circumstances remain 
unsaturated. 

It is not necessary for all the free valencies to be saturated before 
the latent valencies are called out. Thus, ina molecule of hydrogen 
no free valencies are saturated, and in hydroxylamine, 


H 
H—N 
OH, 
two negative valencies remain unsaturated. 

Every element may be considered to possess latent valencies, 
although these differ very much in intensity, probably due to their 
tendency to saturate themselves. In the case of the metals, they 
are too weak to hold the atoms together in the vaporous condition, 
yet very stable alloys are formed through their agency at low 
temperatures. 

In the metallic hydrides combination is presumably effected by the 
latent valencies, for example, —-K——H—, and this accounts for their 
instability. 

The latent valencies of hydrogen are so weak that it is never known 
to function as a bi- or ter-valent element (contrast chlorine) ; we might 
therefore expect its molecule to be easily dissociated. That such is 
not the case, however, is due to the fact that the stability of a molecule 
depends, not merely on the force of attraction between the atoms, but 
on the relation between that force and the weight of the atoms. This 
is well illustrated by the halogens. Iodine vapour readily dissociates, 
and at 1000°, one-third of the molecules are monatomic, whilst at 1700° 
dissociation is complete (V. Meyer, Ber., 1880, 13, 394; Biltz and 
V. Meyer, Ber., 1889, 22, 725). Chlorine, on the other hand, with an 
atomic weight of less than one-third that of iodine, shows no appreci- 
able dissociation even at 1200° (Crafts, Ber., 1883, 16, 457). 

In the case of the inert gases, the Jatent valency is so weak that 
the molecules are monatomic even at atmospheric temperatures 
(Ramsay and Travers, Proc. Roy. Soc., 1900, 67, 329). It is just 
possible that if the densities were determined at temperatures near 
their boiling points, indications of association to diatomic molecules 
might be observed. 


From the above it is clear that the elements fall into four groups, 
namely, those which possess, in addition to latent valencies : 

1. Free positive valency only—Hydrogen and the metals. 

2. Free negative valency only—Fluorine, chlorine and oxygen. 


_ te teed 2d Se See Uh MUCUCO UO. oe | oe 


FRIEND: VALENCY. 265 


3. Free positive and free negative valencies—Amphoteric 
elements. 

4, No free valencies—The inert gases. 

In order to illustrate this theory, it will now be considered in its 
application to a few special cases. 


Fluorine. 


Since no compound of oxygen and fluorine is capable of existence, 
itis assumed that neither element possesses free positive valency. 

Brauner’s assumption that the activity of fluorine is due to its 
molecules being monatomic (Zeitsch. anorg. Chem., 1894, 7, 12) has 
been shown by Moissan (Compt. rend., 1904, 138, 728) to be unten- 
able. The present author suggests that the activity of fluorine is due 
to its univalent nature, and the entire absence of free positive valency. 
This explains the analogy between oxygen and fluorine (Martin, loc, 
cit.), the weaker character of the former being due to the mutually 
repellent action of its two free valencies. Mallet has shown that at 
about 30° the molecule of hydrofluoric acid is double (Chem. News, 
1881, 44, 164), a result which has been confirmed by Thorpe and 
Hambly (Trans., 1889, 55, 163). According to the author's notation 
the formula is H—F——F—H, in which fluorine functions as a tervalent 


element. 


Chlorine. 


No evidence of the existence of a compound of chlorine and fluorine 
has been obtained, although Lebeau has brought these elements into 
contact at — 182°5° (Compt. rend., 1906, 143, 425). 

Chlorine, therefore, possesses no free negative valency. The fact that 
it is not so active as fluorine may be ascribed to its greater atomic 
weight ; perhaps also to the greater activity of its latent valencies, 
which enable it to combine with oxygen. 

Hypochlorous acid may be represented by the formula H--Cl—O=, 
which explains the ease with which oxygen is split off. 


Oxygen. 


Collie and Tickle (Trans., 1899, 75, 710), after a study of the 
hydrochloric acid salt of dimethylpyrone, were the first to point out 
that oxygen could function as a quadrivalent element. Since then 
various organic compounds have been prepared in which the valency of 
oxygen is undoubtedly four. They all consist, however, in adding two 
elements or groups of elements to the oxygen in such a way as to saturate 
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a positive and a negative valence and never two of the same kind, for 
C,H, H 
example 
eon. Nol 

According to the author’s theory, this is precisely what we should 
expect, since on saturating the two negative valencies of the oxygen, 
only latent valencies remain. The structural formula above shows 
perfect analogy to ammonium compounds (see later). The term 
oxonium as applied to these salts receives, therefore, full justification, 

We have evidence to show that water is associated, although to what 
extent is not definitely known, for all the methods which have been 
employed to determine its association are open to criticism (compare 
Ramsay and Shields, Zeitsch. physikal. Chem., 1893, 12, 434 ; Vernon, 
Chem. News, 1891, 64, 54, &c.). If the molecules are double, the 
formula is clearly H,—[O—Ol=H,. If of a higher order, the oxygen 
atoms are presumably arranged ina ring. The association of phenols, 
alcohols, and acetic acid may be explained in an analogous manner. 

An interesting case is that afforded by sulphur trioxide, which 
exhibits a strong tendency to associate to double molecules (Odde, 
Gazzetta, 1901, 31, ii, 158), whereas sulphur dioxide does not. In 
the latter case, the latent valencies of one oxygen atom saturate those 
of the other. Hence association is only likely to take place between 
the valencies of the sulphur atom. This is rendered the less probable 
since two positive valencies of the latter are still unsaturated, and 
would tend to cause a repulsion between two sulphur atoms. In 
sulphur trioxide, the latent valencies of the third oxygen atom are not 


externally saturated and association becomes easy. Thus: 
oO O O 
ee A = —— “4 
— | | Ss=o—o=s || 
O O07 No 


Since [SO,], is sparingly soluble in water, it would seem that the 
solubility depends partly on the oxygen atoms. The author suggests 
that when (SO,) dissolves in water, an intermediate hydrate is formed, 
which then undergoes rearrangement to form sulphuric acid. Thus: 

O—-& 
0,=s—=0— +—0=H, — 0,5S—0—0=H, -> 0,5 || _ 
O—H 

The fact that water crystallises alone with its salts is also to be 
ascribed to the latent valencies of the oxygen. We might therefore 
expect other substances possessing bivalent oxygen, and a similar 
structure to water, for example, ether or alcohol, to crystallise out in 
the same way. This is well known to be the case, for example, 

CaCl,,4CH,*OH. 
Engler and Wild (Ber., 1897, 30, 1669) conclude, as the result of 
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many experiments, that when the alkali metals are oxidised in the air 
there is a direct combination of the metals with the oxygen molecule, 
a peroxide being formed which slowly reacts with water, forming hydro- 
gen peroxide and the metallic hydroxide. According to the theory of 
valency under discussion this receives a ready explanation. Combina- 
tion of the metal with the oxygen molecule is not due to the breaking 
of one of the bonds holding the oxygen atoms together, as the generally 
accepted theory demands. It is due to the union of the free valencies 
of one oxygen atom with those of the sodium atoms. Thus: 
2Na=+=0—0= —> Na,=0—0= 

This explains the ease with which the second atom of oxygen is 
split off. 

The assumption that the whole oxygen molecule takes part in many 
other cases of oxidation is strongly supported by the recent work of 
Manchot (Annalen, 1902, 325,95) and Bach (Compt. rend., 1897, 124, 
2,951). Itis unnecessary to discuss these cases, as the principle is 
identical throughout. 


Nitrogen. 


The study of the valency of nitrogen is one of particular interest. 
Although it forms no compound with fluorine alone, the author regards it 
as amphoteric on account of the great stability of its oxygen compounds. 
As is true of most of the other amphoteric elements, the free positive 
valencies of nitrogen cannot be called into action, when some or all of 
its free negative valencies are saturated, and vice versa. An exception 
to this rule is carbon. 

In ammonia the free negative valencies of nitrogen are saturated. 
It is clear that a fourth negative valence can only be called out in 
conjunction with a positive. This explains why all attempts to isolate 
ammonium have failed (see p. 262). If, however, the positive latent 
valence can be saturated, the problem is solved, for example, ammonium 


chloride, 
H 


4 
H=N¢ 
~~ Nol 


We may assume that when ammonia and hydrochloric acid come 
into contact, the compound H,N—CIH is formed, which undergoes 
re-arrangement (compare Cain’s formula, Mem. Manchester Phil. Soc., 
1904, 48, xiv.). 

It does not follow that when ammonium chloride dissociates, the 
same hydrogen atom combines again with the chlorine. Since on 
saturation free and latent valencies of the same sign become identical, 
any other atom of hydrogen in the molecule stands an equal chance, 
and the valence with which the nitrogen held it now saturates the 


268 FRIEND: VALENCY. 


positive valence and becomes latent. It is thus unnecessary to adopt 
the cube theory of van’t Hoff (Ansichten tiber die organische Chemie, 
p. 79) to which H. O. Jones has taken exception on stereoisomeric 
grounds (Trans., 1903, 83, 1403 ; 1905, 87, 1721). 

It will be seen that ammonia and water are alike in that the oxygen 
and nitrogen atoms are saturated by hydrogen, and both elements can 
combine with other atoms or groups by means of their latent valencies 
only. This affords a simple explanation of the fact that ammonia and 
water are frequently interchangeable in chemical compounds, for 
example, CuSO,,5H,O and CuSO,5NH,. Further, Brill has shown 
that liquid ammonia is slightly associated although not to the same 
extent as water (Ann. Physik, 1906, [iv], 21, 170). 

It has already been pointed out that organic compounds of bivalent 
oxygen, for example, alcohols, can, like water, crystallise with inorganic 
salts. The same property is exhibited by organic derivatives of ter- 
valent nitrogen. For example, a large number of salts has been pre- 
pared by Lang (Ber., 1888, 21, 1578) Pincussohn (Zeitsch. anorg. 
Chem., 1897, 14, 379), and others, containing pyridine of crystallisa- 
tion. A most remarkable example is that afforded by cuprous 
chloride. 

In the presence of water this salt can absorb carbon monoxide, but 
not when perfectly dry. Lang found, however, that its solution in 
pyridine absorbs this gas with ease. Manchot and Friend * have since 
shown that not only may pyridine be replaced by other derivatives of 
tervalent nitrogen, for example, aniline, o-toluidine, and piperidine, but 
that the amount of carbon monoxide absorbed per molecule of cuprous 
chloride is identical in each case with that absorbed in the presence of 
water. According to the usual theory of valency this remarkable 
analogy cannot be satisfactorily explained. 

Since ammonia gas dissolves in water with evolution of a consider- 
able amount of heat, it is generally assumed that ammonium hydr- 
oxide is the chief product, despite the comparatively poor conductivity. 
Since such a solution always has a strong odour of ammonia, the 
author suggests that on mixing ammonia and water, a hydrate is first 
formed, as in the case of sulphur trioxide (see p. 266), and that only 
part of this undergoes rearrangement to form the isomeric ammonium 
hydroxide. In the solution we have, therefore, equilibrium between 
these two substances and ammonium ions, Thus: 


H,=N—0=H,27NH,OHZZNH,’ + OH’. 
That the negative latent valence does not differ in chemical nature 


from the free negative valencies may be deduced from the work of 
Victor Meyer. ‘This investigator showed that dimethyldiethyl- 


* Annalen, 1908 [in the press]. 
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ammonium iodide prepared from dimethylamine and ethyl iodide, was 
identical with that produced from diethylamine and methyl iodide. In 
the latter case, where diethylamine is employed, both the ethyl groups 
are attached by free negative valencies to the nitrogen. Hence one of 
the methyl groups in the final product must be attached by a latent 
negative valence. In the second case, however, it is equally clear that 
a methyl group must be attached in the same way. Hence it follows 
that the free and the latent negative valencies of nitrogen do not differ 
in quality. Other experiments lead to similar conclusions with regard 
to the valencies of sulphur in the sulphonium compounds. It may 
therefore be assumed that in all cases, latent and free valencies possess 
the same chemical nature. 


Carbon. 


As might be expected from its position in the periodic classification, 
carbon functions largely as a neutral element. Its total free valency 
is 8, but no compound is known in which more than four of these 
valencies are used at once. Apparently it is immaterial which valencies 
are called out. They may be all positive (CF), all negative (CH,), or 
a mixture of positive and negative in any of the three possible propor- 
tions (CHCl],, CH,Cl, CH,Cl). Carbon is therefore a perfect ‘example 
of an amphoteric element. 

No compounds are known in which carbon functions as a univalent 
element, and we have no proof that it is ever truly bivalent, Carbon 
monoxide may be explained on the assumption that the two free 
valencies of the oxygen, together with two latent valencies, saturate 
the four free valencies of the carbon atom. A similar explanation 
holds in the case of hydrocyanic acid and fulminic acid (compare Nef, 
J. Amer. Chem. Soc., 1904, 26, 1549). Gomberg’s discovery of tri- 
phenylmethyl (Ber., 1900, 33, 3150) seems to indicate that carbon can 
function as a tervalent element, 


Werner's Theory. 


It will be at once apparent that the author’s free valencies corre- 
spond to the principal valencies of Werner, and the latent valencies to 
the auxiliary. The last two, however, are very dissimilar in properties, 

According to Werner’s theory, elements or groups attached by 
auxiliary valencies are not capable of dissociation (Neuere Anschauungen 
auf dem Gebiete der Anorganischen Chemie, Werner, 1905, p. 59). 

Thus in ammonium chloride [NH,*H:]Cl one hydrogen differs from 
the others in being attached to the nitrogen atom by an auxiliary 
valence whereas no such difference in reality exists. According tothe 
present author’s theory, however, there is no such distinction between 
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the valencies, and elements attached by latent bonds are as easily 
dissociable as when attached by free. 

In afuture paper the author hopes to discuss more in detail the 
bearing of his theory on that of Werner and on the ammonium com- 


pounds. 


In conclusion, he has great pleasure in thanking Mr. W. E. §, 
Turner, M.Sc., for many useful criticisms and suggestions, 


XXV.—The Oxidation of Aromatic Hydrazines by 


Metallic Oxides, Permanganates, and Chromates. 


By Frepertck Danie, CnatTaway. 


THE extraordinary ease with which aromatic hydrazines are destroyed 
by oxidising agents has been referred to by most chemists who have 
worked on them,* and diazonium salts have been universally regarded 
as the primary products of their oxidation. 

The behaviour of these substances when oxidised by free oxygen in 
alkaline solution (Chattaway, Trans., 1907, 91, 1323) having made 
this generally accepted view seem improbable, a number of experi- 
ments have been carried out on their oxidation in presence of alkalis 
by various metallic oxides and highly oxygenated salts. The results 
may be stated in general terms as follows. 

Primary aromatic hydrazines are readily attacked by most sub- 
stances capable of giving up oxygen at all easily, the products being 
in the main the same as when free oxygen is used. 

The action which takes place to a predominating extent causes the 
liberation of nitrogen and the replacement of the hydrazino-group by 
hydrogen. This main action is generally accompanied by secondary 
ones, which take place to a comparatively very small, but varying, 
extent ; hydrocarbons of the diphenyl group containing two of the 
aromatic residues linked together are produced, a little tarry matter 
is frequently formed, and sometimes, in still smaller quantity, simple 
azo-derivatives, as, for example, azobenzene. Phenols may be formed in 
small quantity, but only when the oxidising agent employed acts very 
energetically. Diazo-compounds are never produced when the oxida- 
tion is carried out in alkaline solution, but only in presence of 4 


* Compare Fischer, Annalen, 1878, 190, 67, and 1879, 199, 281; Fischer and 
Ehrhard, Annalen, 1879, 199, 333; Haller, Ber., 1885, 18, 90; Zincke, Ber., 
1885, 18, 786; Strache, Monutsh,, 1891, 12, 528, and 1892, 13, 316; Wurster, 
Ber., 1887, 20, 2633. 
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considerable excess of some strong acid. Azoimides are formed when 
alkalis are absent and the hydrazines are present in excess. 

The nature of the oxidising agents and the conditions of the experi- 
ments naturally affect the rate of action. All oxides act more 
vigorously when hydrated and when finely divided, and action becomes 
much more rapid as the temperature is raised. 

If the basic oxide of the metal is easily reduced, the metal itself 
is liberated, as with the oxides of mercury, copper, and silver ; in 
other cases, the peroxides only act, and the basic oxide is formed, 
as with the peroxides of lead and manganese. 

Alkaline permanganates act very energetically at the ordinary 
temperature, whilst with chromates the temperature has to be raised 
considerably before any appreciable evolution of nitrogen occurs. 

Potassium chromate oxidises all primary aromatic hydrazines very 
easily, giving a practically theoretical yield of nitrogen and hydrocarbon, 
and being itself reduced to potassium and chromium hydroxides, This 
reaction affords the most convenient method yet described for 
replacing a hydrazino- or amino-group by hydrogen, the latter being 
first converted into the former through a diazonium salt. 

If the reduction of copper oxide by phevylhydrazine is carried out 
under suitable conditions, the metal set free can be deposited on glass 
in the form of a coherent metallic film, equalling in brilliancy a 
similarly deposited film of silver, and showing the splendid red colour 
of polished copper. 

The view of the course of the reaction recently put forward to 
explain the oxidation of hydrazines by free oxygen (Chattaway, Trans., 
1907, 91, 1323) affords, with a suitable extension, a simple explana- 
tion of all the facts observed. 

When either oxygen or an oxidising agent acts on a primary 
aromatic hydrazine, one of the hydrogen atoms of the hydrazino- 
group is first attacked, and a hydroxyhydrazine is produced,* thus : 

R:NH-NH,+0=R°NH-NH-OH. 

This substance, however, not being stable in presence of alkalis, 

undergoes disruption during some phase of its motion, thus : 

R-N-H R N H 

HN-OH ~* HN” OF 
the splitting off of hydrocarbon and water occurring either in one or 
two stages. 

If, however, a very energetic oxidising agent is used, a certain 
number of molecules may, before breaking down, undergo a further 


* Probably the action which first takes place is the addition of two hydroxyl 
groups to the nitrogen which thus develops its q uinquevalency. 
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oxidation, a second hydrogen atom being thus replaced by another 
hydroxyl group. The similar breaking down of this molecule under 
the influence of the alkali results in the formation of a phenol ; 


R-N-H R N & 
| 1 
HO-N-OH N 


+ . 
HO* N * On 


In the absence of an alkali which acts as catalytic agent and much 
accelerates the decomposition of these hydroxyhydrazines, the intro- 
duction of the second hydroxyl group takes place to a much greater 
extent, and in the presence of a strong acid at a low temperaturea 
diazonium salt may be formed, thus: 


R-N-H RN-Cl 
+ HCL = "y+ 24,0. 


HO-N-OH 


The subsidiary reactions, for example, the production of hydrocarbons 
of the dipheny] series and of azo-derivatives in presence of alkalis or of 
azoimides in absence both of alkalis and of acids, can be simply explained 
by the interaction of two molecules of the hydroxyhydrazines primarily 
formed. Among the products of the oxidation of primary aromatic 
hydrazines in presence of alkalis, even when carried out at a low 
temperature, no diazo-compounds can be detected. This makes it 
highly improbable that they are ever formed, the breaking down of 
the oxidised molecule taking place at a stage in the oxidation 
before the one at which they could be produced. The production of 
phenols in small quantity when energetic oxidising agents are used 
shows that, even if this second stage is reached and two hydroxyl 
groups are introduced into the molecule, it does not split off water in 
presence of alkalis, but undergoes the same type of decomposition as 
when only one such group is present. 

This is in agreement with the well-known behaviour of diazonium 
compounds, these only undergoing the characteristic diazo-decomposi- 
tions in presence of agents able to form additive compounds with them ; 
for example, water, alcohol, or cuprous chloride, thus giving to the 
molecule a structure analogous to that of the hydroxy-compounds 
figured above. 

It is unnecesary to assume as Hantzsch does (Ber., 1900, 33, 2517) 
that this addition is followed immediately by a partial decomposition 
resulting in the formation of an unstable syn-diazo-compound which 
then breaks down. A much more probable explanation is that diazo- 
compounds as such do not break down with elimination of nitrogen, 
this only taking place in a molecule where each nitrogen atom carries 
at least two suitably related groups attached to it, the single linking of 
the nitrogen atoms now giving the mobility necessary for re-arrange- 
ment of the molecule before its disruption. Thus taking three 
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examples, we should represent the introduction of a hydroxyl group, 
an ethoxyl group, or a hydrogen atom and a chlorine atom thus: 


R-N-SO,H R-N-SO,H R N 
ut ° ap-o 3.” —_ HO TY t 


R-N-Cl RN ol 
| —_ | H+ I 
RN-Ol gf H:N-0:0,H, “H N 0:CH,°CH, * 


Mt +C,H,*OH 


R-N-Cl ae 
! ° 
0,H,O-N-H0,H,O°N* 


R'N-Cl R N Cl 
! =“ tt Se Ss 
Cl-N-Cu Cl N Cu 


The views here advanced afford an insight into what occurs in a 
number of reactions which have hitherto received no satisfactory 
explanation, to give an instance, the behaviour of diazonium salts on 
reduction. 

As is well known when diazonium salts are reduced by stannous 
chloride in presence of a large excess of hydrochloric acid, they are 
converted practically quantitatively into hydrazines, this being a 
common method of preparing the latter compounds (Meyer and Lecco, 
Ber., 1883, 16, 2976). When, however, an excess of acid is not used, 
reduction by stannous chloride gives rise toa number of quite different 
products, in which the aryl group present in the diazonium salt is 
united with hydrogen, chlorine, hydroxyl, amidogen, or the azoimide 
complex (Culmann and Gasiorowski, J. pr. Chem., 1889, [ii], 40, 97 ; 
Effront, Ber., 1884, 1'7, 2329); to take the simplest case, whilst 
benzenediazonium chloride yields chiefly benzene, considerable 
quantities of chlorobenzene, phenol, aniline, and phenylazoimide are 
also produced. 

Again, when a diazonium salt is treated with an excess of caustic 
alkali and then reduced by a strongly alkaline solution of stannous 
oxide, nitrogen is vigorously evolved and the diazonium group is 
replaced by hydrogen, whilst an azo-derivative is formed in small 
quantity (Friedlander, Ber., 1889, 22, 587); for example, benzene- 
diazonium chloride thus reduced yields benzene mixed with about one- 
tenth of its weight of azobenzene (Koenigs and Carl, Ber., 1890, 23, 
2672). Complete conversion of a diazonium salt into a hydrazine by 
reduction, or of a hydrazine into a diazonium salt by oxidation, is only 


* The aldehyde and hydrogen chloride liberated are, without any doubt, formed 
by the breaking down of ethyl hypochlorite, CH,"CH,"0Cl —» HCl+CH,°CHO. 
This change can be followed when a nitrogen chloride is decomposed by alcohol, 
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possible in presence of excess of acid, whilst complete elimination of 
the nitrogen and replacement of the hydrazine or diazonium group by 
hydrogen through the agency of oxidising or reducing agents 
respectively is only possible in presence of excess of alkali. 

When neither acid nor alkali is present in excess, the compounds 
produced in the oxidation of hydrazines are exactly those obtained in 
the reduction of diazonium salts. 

These actions can all be satisfactorily explained by the assumption of 
the formation in each of them of the same type of intermediate com- 
pound, a hydroxyhydrazine whichis relatively stable in presence of strong 
acids, but which immediately undergoes the typical diazo-decomposition 
in presence of alkalis. The actions by which azoimides and anilines and 
azo-derivatives are formed, although more complex, because requiring 
the interaction of two molecules of the hydroxyhydrazine, only 
involve intramolecular rearrangements of exactly the same type. 


Oxidation of Phenyl-, 0-Tolyl-, p-Tolyl-, p-Bromophenyl-, a- Naphthyl- 
and B-Naphthyl-hydrazine by Metallic Oxides. 


As phenylhydrazine is much more readily attacked than the others, 
and as the actions which take place are typical, the behaviour of the 
various oxides with it alone are described. 

To ascertain the action of anhydrous oxides, the finely-divided solid 
was suspended in about twenty times its weight of water and the 
calculated amount of phenylhydrazine added, the liquids being shaken 
fora few moments to mix them thoroughly. The hydroxides were 
prepared immediately before adding the phenylhydrazine by de- 
composing a salt of the metal dissolved in about twenty times its 
weight of water with the calculated quantity of potassium hydroxide. 

The action of dry precipitated mercuric or mercurous oxide or the 
corresponding hydroxides on phenylhydrazine is very vigorous; 
much heat is developed, benzene is formed, and nitrogen liberated so 
rapidly that the liquid froths violently. The action of crystalline 
mercuric oxide, although vigorous, is not so violent. 

Both dry and freshly precipitated silver oxide act less energetically 
on phenylhydrazine than the corresponding mercury compounds, the 
same products resulting. 

Freshly-precipitated cupric hydroxide decomposes phenylhydrazine 
similarly, the liquid becomes warm, benzene is formed, and nitrogen 
is given off rapidly. Dry cupric or cuprous oxide acts much more 
slowly, and even on boiling the liquid very little evolution of 
of nitrogen is noticed. 

In all these cases, the oxide is completely reduced and the metal is set 
free. 
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Lead peroxide acts immediately on phenylhydrazine, the liquid 
becomes warm, nitrogen is evolved with effervescence, and the 
peroxide is reduced to the basic oxide, whilst benzene together with 
a little azobenzene and diphenyl are produced. Red lead, however, 
has very slight action on phenylhydrazine. Manganese dioxide acts 
somewhat less readily than lead dioxide ; the products of the oxidation, 
however, are the same, and the dioxide is similarly reduced to 
the basic oxide. 

Phenylhydrazine is also oxidised by ferric hydroxide, but the action 
is very slow. 

When copper oxide is thus reduced by phenylhydrazine, the metal, 
under suitable conditions, can be deposited on the glass in the form of a 
fine mirror. If small fragments of oxidised copper wire are heated on a 
water-bath for some considerable time in a saturated aqueous solution 
of phenylhydrazine, although the evolution of nitrogen is so slow that 
it can sesrcely be noticed, copper is deposited on the glass immediately 
underneath the fragment in small, brilliant patches. By moving the 
pieces of oxide about, a copper mirror can be obtained of considerable 
size, but not of uniform brightness. If to an aqueous solution of 
phenylhydrazine saturated at 100° and gently boiling in a clean, new 
flask there is added a little potassium hydroxide and then, in very 
small quantities, finely-divided black copper oxide, obtained by heating 
the nitrate, a rapid evolution of nitrogen takes place and a small 
quantity of the oxide passes intosolution. In this solution, the metal 
exists in the cuprous state dissolved in the phenylhydrazine, and can 
be precipitated as cuprous hydroxide by the addition of excess of 
potassium hydroxide. If such a solution is gently boiled and 
more solid oxide added from time to time as it dissolves, a very 
fine copper mirror can be obtained, the whole interior of the flask 
becoming slowly coated with a firm coherent film of the metal 
similar to the film of silver obtained when silver oxide is reduced by 
aldehydes or tartrates. It is, however, somewhat difficult to obtain a 
good deposit by this method, and it is easier to employ a solution of 
cupric hydroxide in ammonia. 

The following procedure, which resembles that employed in silvering 
glass, gives a uniformly excellent result. Heat a mixture of one part 
of freshly distilled phenylhydrazine and two parts of water until a 
clear solution is obtained, and to this add about half its bulk of a warm 
saturated solution of cupric hydroxide in strong ammonia. Nitrogen 
is freely evolved during the addition, and the cupric is reduced to 
cuprous hydroxide, which remains dissolved in the ammoniacal liquid 
and does not undergo any immediate futher reduction. Add next a 
hot 10 per cent. solution of potassium hydroxide until a slight 
permanent precipitate of cuprous hydroxide is produced. If this 
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colourless or pale yellow liquid be now cautiously heated in contact 
with a perfectly clean glass surface, metallic copper is deposited on 
it in the form of a thin, coherent, perfectly reflecting lamina. To 
obtain a film of sufficient thickness, it is best not to pour off the 
warm reducing fluid, but to allow it to remain in the flask until quite 
cold. When the liquid is poured off, the film of copper should be well 
washed first with water, and afterwards with alcohol and ether. It 
should then be protected from the slow oxidising action of the air by 
one or two coats of some quickly drying varnish. 


Oxidation of Hydrazines by Potassium Permanganate. 


Aromatic hydrazines are very readily oxidised by potassium 
permanganate either in the presence of acids or alkalis. In presence of 
a small quantity of sulphuric acid, a complicated series of actions 
occurs. Although simple hydrocarbons and nitrogen are the main 
products, hydrocarbons analogous to diphenyl and azo-derivatives are 
formed in small quantity, whilst a considerable amount of tar is 
produced. Some chloro-substituted hydrocarbon may be formed if 
hydrochloric instead of sulphuric acid is present. 

It is possible that diazonium compounds are formed in these 
reactions, but, if so, they must be produced in very small amount, as 
in spite of careful search they could not be recognised with certainty. 

To give the details of one experiment, 2°7 grams of phenylhydrazine 
were dissolved in 30 grams of sulphuric acid diluted with 200 c.c. of 
water. This solution, cooled to 0°, was poured over 500 grams of crushed 
ice, and to it was added a similarly cooled solution of 3:2 grams of 
potassium permanganate in 500 c.c. of water. Considerable efferves- 
cence occurred, and benzene could be recognised by its odour; the red 
colour of the permanganate completely disappeared, and a small 
quantity of a brown solid, probably manganese dioxide, separated. A 
cold saturated solution of potassium hydroxide was next added until 
the liquid showed a strongly alkaline reaction. It was then filtered, the 
temperature of the liquid near being allowed to rise above 0°. To the 
clear, cold alkaline liquid a solution of 4 grams ‘of B-naphthol in a 
slight excess of dilute potash was added. No red colour was produced, 
nor did any develop on allowing the liquid to stand for twenty-four 
hours. 

The oxidation of hydrazines by permanganate in presence of alkalis, 
on the other hand, follows a simple course, 

All primary aromatic hydrazines are readily oxidised at the 
ordinary temperature by an aqueous solution of potassium permanganate 
made alkaline with potassium hydroxide. As when other oxidising 
agents are used considerable rise of temperature takes place, the 
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hydrazino-group is replaced by hydrogen, and nitrogen is rapidly 
evolved. A little of some hydrocarbon of the diphenyl group is 
produced, and some azo-derivative is formed together with a varying 
quantity of tarry matter. The permanganate, if in excess, is reduced to 
manganese dioxide, whilst the latter is further reduced to manganous 
oxide by excess of the hydrazine. 

The amount of each of these products formed was determined in a 
number of cases, but the quantitative results obtained are of little 
importance. 

The action of alkaline permanganate on phenylhydrazine, p-bromo- 
phenylhydrazine, and o- and p-tolylhydrazine has been studied. 

On adding phenylhydrazine to an excess of a saturated solution of 
potassium permanganate, made strongly alkaline with potassium 
hydroxide, until the red colour of the permanganate disappeared, a 
violent evolution of nitrogen took place, and the temperature of the 
liquid rose considerably. All the benzene formed could not be collected, 
since much was carried away in the form of vapour by the rapidly 
escaping nitrogen. When violent action was over, the remainder of the 
benzene was driven off in a current of steam; on continuing the 
passage of steam for some time, a small quantity of diphenyl and a 
considerable amount of azobenzene slowly distilled over. On separating 
the manganese dioxide, acidifying the strongly alkaline filtrate with 
sulphuric acid, and extracting with ether, a very small quantity of an 
oily, strongly smelling substance, apparently phenol, was obtained; the 
amount, however, was so small that it could not be identified with 
certainty. 

Similar experiments, using an excess of phenylhydrazine and a 
known quantity of permanganate, did not yield constant quantitative 
results. 

Several attempts were made to discover if a diazo-compound is 
produced in the action, but without result, the amount of such 
compound if it is produced at all must therefore be very small. 

To give the details of one experiment, 4:2 grams of potassium 
permanganate and 10 grams of potassium hydroxide were dissolved in 
400 c.c. of water, the solution was cooled to 0°, and poured over 200 
grams of crushed ice. To this was added a similarly cooled solution 
of 5 grams of phenylhydrazine and 10 grams of potassium hydroxide 
in 400 c.c, of water. As the hydrazine solution was added, nitrogen 
was rapidly given off, the odour of benzene became evident, and the red 
permanganate solution became first green from the production of 
manganate and finally brownish-black from the deposition of hydrated 
manganese dioxide. The addition of the phenylhydrazine solution was 
continued until the green colour just disappeared. The manganese 
dioxide was then filtered off, and the clear, cold alkaline liquid mixed 
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with a solution of 4 grams of £-naphthol in a slight excess of aqueous 
potassium hydroxide. Not the slightest red colour was produced, nor 
did any develop on allowing the liquid to stand for twenty-four hours, 

The amounts of diphenyl and azobenzene formed were ascertained 
by reducing a known weight of the mixture and determining the 
amount of diphenyl remaining. 

The other hydrazines mentioned behave with potassium perman- 
ganate similarly to phenylhydrazine. 


Oxidation of Hydrazines by Alkaline Dichromates and Chromates, 


Hydrazines are readily oxidised by dichromates at the ordinary 
‘temperature, and by chromates if the temperature is somewhat raised, 
In each case, the action is a simple one, the dichromate and chromate 
alike being converted into alkaline hydroxide and hydrated chromium 
sesquioxide, whilst the hydrazine yields the hydrocarbon or substituted 
hydrocarbon and nitrogen, A very little diphenyl or other hydro- 
carbon of this group is produced, and only when dichromates are used is 
any appreciable amount of azo-derivative obtained. Only at first is 
there any difference in the behaviour of dichromates and chromates, as 
the former are soon converted into the latter by the alkaline hydroxide 
liberated. The actions are represented by the following equations : 


K,Cr,0, + 3R-NH:NH, + H,O=2KOH + 2Cr(OH), + 3RH +3N,, 
2K,CrO, + 3R‘NH-NH, + 2H,0 =4KOH + 2Cr(OH), + 3RH + 3N,, 


With chromates, this simple reaction is the only one which occurs, 
and practically quantitative yields of hydrocarbon and nitrogen are 
obtained, 

On adding a saturated solution of potassium dichromate to phenyl- 
hydrazine, a considerable rise of temperature takes place, nitrogen is 
rapidly evolved with much frothing, and benzene is formed. If the 
dichromate is in excess, potassium chromate and green chromium 
hydroxide are produced, whilst if excess of hydrazine is present a 
strongly alkaline liquid results containing hydrated chromium 
sesquioxide suspended in it. 

Using excess of dichromate and carrying out the oxidation in a 
nitrometer, a yield of nitrogen amounting to about 92—95 per cent. 
of the theoretical was obtained. By distilling in steam, a similar 
percentage of the theoretical yield of benzene was collected, the loss 
being due mainly to the difficulty of condensing and separating the 
whole of the benzene from the wat. r. 

No diazo-compound could be detected among the products of the 
reaction, and ovly a minute quantity of a phenol-like substance could 
be extracted from the filtered alkaliue residue after acidification. Only 
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very small quantities of diphenyl and azobenzene were formed. The 
other hydrazines studied behaved similarly. 

Potassium chromate alone or in presence of potassium hydroxide 
does not appreciably oxidise phenylhydrazine at the ordinary tempera- 
ture. On heating nearly to boiling, oxidation commences, nitrogen i¢ 
evolved, and benzene and a very little diphenyl are produced. The 
action goes on very quietly and regularly, and the yield of benzene and 
nitrogen is nearly quantitative. It is difficult, however, without 
special precautions, to retain the whole of the benzene, the vapour of 
which is carried away by the escaping nitrogen. 

Asarule, in a carefully conducted experiment about 75 per cent, 
of the theoretical yield of pure dry benzene can be obtained. No tar, 
phenol, or diazo-compound is produced in this oxidation. 

The quantitative nature of the reaction is shown better when 
o- or p-tolylhydrazine or p-bromophenylhydrazine is thus oxidised, 
since in these cases the loss of hydrocarbon or substituted hydro- 
carbon through volatilisation and imperfect condensation is not so 
great. 

On account of the insolubility of p-bromophenylhydrazine in water, 
a saturated, aqueous solution of potassium chromate acts much less 
readily on it than on unsubstituted phenylhydrazine. Very little 
action occurs until the liquid boils, but oxidation then proceeds slowly 
and regularly without the formation of any tar, or of any recognisable 
quantity of by-products, Nitrogen and bromobenzene are produced in 
practically theoretical amount, the latter passing over and condensing 
with the steam; hydrated chromium sesquioxide separates, and the 
liquid becomes strongly alkaline from the liberation of potassium 
hydroxide. 

Both the tolylhydrazines are similarly quantitatively oxidised by a 
hot saturated, aqueous solution of potassium chromate. Nitrogen, 
toluene, and a very little ditolyl are formed, and, as before, the 
chromate is reduced to hydrated chromium sesquioxide and potassium 
hydroxide. 

The oxidation of aromatic hydrazines by potassium chromate is 
conveniently carried out by dissolving one ‘and a-half times the 
amount of potassium chromate needed and its own weight of 
potassium hydroxide in about ten times its weight of water, and 
adding the hydrazine or its hydrochloride, using, in the latter case, 
correspondingly more potash. On blowing steam into the mixture, 
oxidation progresses quietly, the hydrocarbon condenses with the steam, 
and hydrated chromium sesquioxide separates from the liquid. In a 
carefully conducted experiment, a practically theoretical yield of 
hydrocarbon can be obtained. 
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XXVI.—The Reaction between Calcium Carbonate and 
Chlorine Water. 


By Artur Ricwarpson, Ph.D. 


Ir is known that when chlorine is passed into water containing 
calcium carbonate in suspension, hypochlorous acid and calcium 
chloride are formed, carbon dioxide being given off, and that the 
hypochlorous acid can be separated from the calcium chloride by 
distillation. Williamson (Mem. Chem. Soc., 1850, 2, 234), who first 
observed this change, showed that in dilute solutions the reaction 
was represented by the equation : 
CaCO, + 2Cl, + H,O = CaCl, + 2HCIO + CO,. 

He further showed that, wlien the amount of carbonate decomposed 
exceeded 1 part in 30 parts of water, the hypochlorous acid was 
partly replaced by calcium cllorate, the amount of the latter increasing 
with the weight of calcium carbonate decomposed, 

Later experiments of the author (Trans., 1903, 83, 380) have 
shown that hypochlorous and hydrochloric acids are formed in solu 
tions of chlorine gas in pure water, provided that the two acids are at 
once separated by distillation ; and it seemed probable that, in the 
presence of calcium carbonate also, if the two acids were first produced 
by the action of the chlorine on the water, the hydrochloric acid and 
the calcium carbonate would react to give calcium chloride and 
carbon dioxide, and the hypochlorous acid would be left free in the 
solution. 

It will here be shown, however, that the reactions are not so simple 
as at first sight appears, for, in certain circumstances, a part of the 
hypochlorous acid is replaced by calcium hypochlorite, and the forma- 
tion of caleium chlorate is accompanied by the liberation of oxygen. 

The present experiments therefore were made for the further | 
study of the action of chlorine water on calcium carbonate and the 
conditions under which these reactions occur. 

The calcium carbonate used in these experiments was very carefully 
purified, especially from traces of iron and manganese ; before using, 
it was dissolved in specially purified hydrochloric acid, reprecipitated 
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with ammonium carbonate and kept at boiling point for several hours, 
and then finally washed entirely free from ammonium salts. This 
coarse granular precipitate was always used in preference to the 
carbonate in a more finely-divided condition. 

The chlorine was prepared from potassium dichromate and hydro- 
cbloric acid, and was washed by passing it through solutions of chromic 
acid and then through water. 

Estimation of Active Chlorine. (‘ Hypochlorous” Chlorine),—In 
all the following experiments, the chlorine was led into a measured 
volume of water containing known quantities of the calcium carbonate 
in suspension. Of course, at the end of an experiment there was 
excess of free chlorine in the solution. To give an idea of how the 
“hypochlorous ” chlorine was determined, the details of an experiment 
are given: 10 c.c. of the solution (containing free and “ hypochlorous ” 
chlorine) were made up to 500 c.c. with water. This solution was 
divided into two equal parts, in one both the free and the “ hypo- 
chlorous” chlorine were estimated together by means of potassium 
iodide, acidified with hydrochloric acid, and decinormal thiosulphate 
solution ; in the other, the free chlorine was removed by aspirating a 
current of carbon dioxide for twenty-four hours ; the residual hypo- 
chlorous acid was then estimated as before. Various experiments 
show that the free and the ‘‘hypochlorous ” chlorine can be estimated 
with accuracy by this means, provided that the hypochlorous acid is not 
present in greater strength than about 0:0426 gram of hypochlorous 
acid in 100 c.c. of water. Moreover, the amount of free and “ hypo- 
chlorous” chlorine was also checked by estimation with a V/10 
solution of silver nitrate. The following table gives the results of 
three experiments : 


TABLE I. 


10 c.c, made up to 500 e.c. with water I. II. III, 

Free and ‘‘ hypochlorous ” chlorine 0°0884 0°0958 07170 
‘‘Hypochlorous” chlorine .... : 0°0643 0°0798  0°142 
al EOE OT ee. ae. ae 
Free and ‘‘ hypochlorous” chlorine estimated by AgNO, 0°0887 0°0958 07170 
It was necessary, also, to be able to determine the amount of chlorine 
present as calcium chloride (and also occasionally as calcium chlorate). 
This was done as follows: Hydrogen sulphide was passed through a 
cold solution containing the free chlorine, the “hypochlorous”’ 
chlorine, and the “calcium-chloride” chlorine (and sometimes 
“calcium-chlorate ” chlorine). By this means, all the chlorine except 
the “chlorate” chlorine was converted into chloride, which could then 
be estimated with W/10 silver nitrate solution after the hydrogen 
sulphide had been expelled by boiling the solution. By subtracting 
from the total chlorine found the amount of free and “hypochlorous” 
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chlorine, the amount of chlorine present as calcium chloride could be 
determined. 

The amount of chlorine as chlorate was estimated by first deter. 
mining the total chlorine as above, and also after an equal volume of 
the solution had been treated with Gladstone and Tribe’s zinc-copper 
couple (as modified by Bothamley and Thompson, Trans., 1888, 53, 
164); the difference between these values gives the amount of 
chlorine present as chlorate. 


Action of Chlorine on a Mixture of Calcium Carbonate and Water 
in the Cold. 


When cold chlorine water is agitated with calcium carbonate, all 
free chlorine is at first removed, calcium chloride and hypochlorous 
acid alone being formed with evolution of carbon dioxide. But when 
the solution of hypochlorous acid becomes of more than a certain 
strength (about 4 per cent. HClO), it will be seen from the next table 
that chlorate begins to be formed ; doubtless this is due to decom- 
position of the hypochlorous acid into hydrochloric and chloric acids : 


TABLE II. 


Weight of CaCO, Ratio of ** Hypo- 
in 200 c.e. CaCO, chlorous ” ‘*Chlorate” ‘* Chloride.” 
Expt. H,O. . to H.O. chlorine. chlorine. chlorine. 
Grams. In ¢.c. In ee. In c.c. 
: 100 1°456 none 1°45 
: 40 1°917 none 1'988 
:33°3 2°929 0°142 3°639 
: 25 3°195 0°284 4°544 
:16°6 3°621 0°613 6°745 
:10 2°804 1°349 11°679 


Que COON 


From this table, it will be seen that the “ hypochlorous” chlorine* 
reaches a maximum in experiment 5, but that as the calcium chloride 
increases beyond this point the hypochlorous acid is less stable. 

Also, it will be seen that in experiments 1 and 2, where no chlorate 
is formed, the amount of “hypochlorous” and “ chloride” chlorine is 
the same ; this can be expressed by the equation : 


CaCO, + 2Cl, + H,O = CaCl, + 2HC1O + CO, ; 


and if the formation of the chlorate is the only other reaction, then it 
may be expressed by the equation : 
3HC10 = HCIO, + 2HCl. 
That this second equation represents the only other reaction 
is not borne out by the results. This can be seen from the 


* To avoid complication, it has been assumed that the ‘‘ hypochlorous”’ chlorine 
is present entirely as hypochlorous acid ; it will be shown later, however, that some- 
times a part is present as the calcium salt. 
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amount of “chloride” chlorine found. In experiment 3, 2°929 
“hypochlorous”’ chlorine = 2°929 “chloride” chlorine, and 0°142 
“chlorate”? chlorine =0°284 “chloride” chlorine, giving a total of 
3213 “ chloride” chlorine, but 3°639 was the amount found. Again, 
in experiment 6, from the “‘hypochlorous’’ and “chlorate” chlorine 
there should be 5:502 “ chloride” chlorine, but 11:679 was found. 

The next set of experiments was made to determine whether calcium 
chloride had any influence on the reaction. 


Influence of Calcium Chloride on the Action of Chlorine on a Mixture 
of Calcium. Carbonate and Water in the Cold. 


Two hundred c.c. of water containing 50 per cent. of calcium chloride 
in solution were treated with a small quantity of calcium carbonate and 
chlorine, the gas being passed into the mixture for two hours. The 
carbonate remained undissolved, and no trace of hypochlorous acid 
could be detected. Strong solutions of calcium chloride therefore 
entirely prevent the action of chlorine on calcium carbonate. When 
a 25 per cent. solution of calcium chloride was used, a limited action 
took place. Moreover, it was found that the solution (after getting 
rid of all free chlorine) gave a white, crystalline precipitate of calcium 
earbonate when treated with carbon dioxide. The original solution 
gave no such precipitate with carbon dioxide, therefore either calcium 
hydroxide or calcium hypochlorite had been formed: during the 
reaction. Considering the amount of free chlorine present, it seemed 
unlikely that calcium hydroxide would be formed. It has been stated, 
however, by von Tiesenholt (J. pr. Chem., 1901, [ii], 63, 30) that 
aahydrous calcium chloride, to which a small quantity of a solution of 
hypochlorous acid has been added, becomes strongly alkaline, owing to 
the formation of calcium hydroxide. To determine whether this had 
taken place, a method based on the following considerations was 
adopted. If the calcium carbonate is formed from calcium hydroxide 
by the carbon dioxide, no additional hypochlorous acid will be liberated ; 
if, however, it is formed from calcium hypochlorite, additional hypo- 
chlorous acid should be formed. * 

One hundred and fifty c.c. of a 6 per cent. solution of calcium 
chloride were treated with an excess of calcium carbonate, and chlorine 
passed for two hours. The solution was then filtered. Carbon 
dioxide was then passed through 50 c.c. of the solution, when a 
comparatively large amount of carbonate was precipitated, and the 
free chlorine was removed. Another 50 c.c. were aspirated by means 
of an air current to remove all free chlorine until the escaping gas, 
when bubbled through potassium iodide solution, scarcely gave a colora- 
tion of iodine ; then carbon dioxide was substituted for air, and the 
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current passed at as nearly as possible the same rate. The escaping gas 
was led into a solution of potassium iodide, and iodine was at once freely 
liberated. Thus air aspirated through the solution fails to liberate 
hypochlorous acid, but carbon dioxide passed through for the same 
time does. This fact seems to prove conclusively that calcium hypo- 
chlorite was present in the original solution. 

A quantitative experiment was now made to determine the ratio of 
calcium hypochlorite to hypochlorous acid formed. One hundred c.c, 
of a 28 per cent. solution of calcium chloride were taken ; to this, 
small quantities of calcium carbonate were added from time to time, 
and chlorine was passed through the mixture for four hours. Unde. 
composed calcium carbonate was then filtered off, and carbon dioxide 
passed through 50 c.c. of the solution until no more calcium 
carbonate was precipitated, and the free chlorine was removed. The 
solution was then boiled and filtered, and the precipitate was washed 
free of chloride and chlorate. The precipitate was converted into 
calcium oxalate, and the oxalic acid estimated by means of potassium 
permanganate; an amount was found. equivalent to 0°2556 of 
“calcium hypochlorite ” chlorine. 

In another portion of the solution, the “ hypochlorous ” chlorine was 
estimated by the thiosulphate method. The amount was 0°248 of 
“‘hypochlorous”’ chlorine, thus showing that in the solution a little 
more than 50 per cent. of the “ hypochlorous ” chlorine was present as 
ealcium hypochlorite. 


Determination of the Amount of Calcium Hypochlorite Formed in the 
Absence of Added Calcium Chloride. 


The following experiments were carried out in the manner already 
indicated ; 6, 12, and 24 grams of calcium carbonate were added to 
200 c.c. of water : 


Tas.e III, 
Weight of CaCO, Total 
in 200 c.c. Ratio of Chlorine ‘‘hypochlorous % of 
Expt. water. CaCO, towater. as Ca(ClO),. acid” chlorine. Ca(Cl0).. 
Grams. i 
6 : 33° absent 5°857 
12 :16°6 0°361 7°224 
24 : 8° 0761 5°609 
Up to this point, the active chlorine was assumed to be present only 
us hypochlorous acid and hypochlorite ; chlorous acid and its salts had 
not been looked for. ‘To determine whether chlorous compounds were 
also present, a solution was prepared by decomposition of calcium 
carbonatc in chlorine water, which gave a precipitate of calcium 
carbonate when treated with carbon dioxide. In one portion of the 
solution, the total active chlorine was estimated with sodium thio- 
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sulphate, and in another with an alkaline solution of arsenious oxide, 
using indigo as indicator. The two series of determinations agreed 
exactly, showing that chlorous acid or chlorites were absent. Hypo- 
chlorous and chlorous acids are both reduced by thiosulphates, but 
hypochlorous acid alone is capable of being decomposed by a solution of 
arsenious oxide. As all the foregoing experiments had been conducted 
in the cold, the influence of heat was now tried. 


Influence of Heat on the Action of Chlorine on a Mixture of Calcium 
Carbonate and Water. 


Referring back to table II, experiment 6, it will be seen that 
the amount of “chloride” chlorine (11°679) is in excess of what 
should have been produced (5‘5) when calculated from the “ hypo- 
chlorous ” and “ chlorate” chlorine. This can only be accounted for 
by oxygen being liberated during the reaction. In an early experi- 
ment, when the products of the action of chlorine on calcium carbonate 
and water were heated, oxygen was found to be formed. A special 
form of apparatus was therefore devised in order to make a series of 
quantitative determinations of the oxygen thus liberated (compare 
figure). The hypochlorous acid that remained after heating, the 
calcium chlorate, and the calcium chloride were also determined. 

A spherical flask, A, was connected with the inner tube, B, of an 
upright Liebig’s condenser, C, the neck of A and the lower end of 
B being ground into one another. <A tube, D, passed down B to the 
bottom of A for the admission of chlorine, ) being also ground into 
the upper part of B. The exit tube, Z, sealed into the upper part of 
B, connected A with the gas-collecting tube, /, containing a strong 
solution of sodium hydroxide. Any gas passing from A and unabsorbed 
in / was measured in the gas burette, 1. 

Chlorine was first passed into cold water containing calcium 
carbonate in suspension in A, and, when all air had been removed from 
the apparatus (shown by complete absorption of the chlorine in a solution 
of sodium hydroxide in @), connexion was made between /’ and A by 
opening the stopcock at J, The flask, A, was then heated in an oil- 
bath. On heating, oxygen was at first freely evolved, but the rate 
of evolution rapidly diminished. In each experiment, the solution 
was heated for one and a-half hours, by which time no more oxygen 
was liberated. It will be seen that by this arrangement the hypo- 
chlorous acid formed would condense in B and return to A, where any 
change resulting from the action of hypochlorous acid on the other 
products would take place. In table IV, the results obtained are 
given ; 
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TaBLe LV. 


Weight of CaCO, Ratio Oxygen ** Hypo- 
in 300 c.c. of CaCQs. found chlerous acid” ‘‘ Chlorate” ‘‘Chloride 
Expt. water. towater. at N.T.P. chlorine. chlorine. chlorine. 
Grams. In ¢.c. 
50°4 0°488 0°213 1°384 
83°4 0°293 0°639 3°674 
134 0°186 0°958 7082 


Cha\ TF Qk 
{5 He } 0133 1:278 6-949 


TUVVUUCCT SC CUT UV CCC rT CRRY YS 


To determine whether the liberation of oxygen here observed was 
due to the action of heat on the hypochlorous acid in the absence of 
other compounds, the following experiments were made: (1) 200 c.c. 
of a solution of hypochlorous acid containing 2°059 grams of “ hypo- 
chlorous” chlorine were heated for one and a-half hours in a stream of 


* In the first three experiments, the carbonate was completely decomposed in the 
cold solution, and then heated. In the fourth, a portion (about half) of the 
carbonate was decomposed and then heated, when 75°3 c.c. of oxygen were 
liberated ; on cooling and repeating the experiment so as completely to dissolve 
the remaining carbonate, 72°8 c.c. more oxygen were produced. 


CALCIUM CARBONATE AND CHLORINE WATER. 287 


chlorine; 6 c.c. of oxygen were liberated, and the “ hypochlorous ” 
chlorine remaining was 1:153 grams; (2) 200 cc. of a solution .of 
hypochlorous acid containing 6-745 gram of “ hypochlorous ”’ chlorine 
were boiled for two hours, when 13 c.c. of oxygen were liberated and 
0639 gram of “hypochlorous” chlorine remained ; but the remainder 
of this solution on again heating with some calcium carbonate yielded 
54¢.c, of oxygen, and the “hypochlorous” chlorine had sunk to a 
value of 0°159 gram. 

Hypochlorous acid alone, therefore, when heated does not yield much 
free oxygen. Another experiment was made in which the “chlorate” 
and “chloride” chlorine was determined : a solution of hypochlorous 
acid containing 1°109 grams of “hypochlorous” chlorine was heated with 
some calcium carbonate; 41 c.c. of oxygen (at N.T.P.) were liberated, 
and 0°745 gram of ‘chloride ” chlorine and 0°355 gram of “chlorate” 
chlorine were found. The amount of “chloride” chlorine found is 
more than double the “chlorate” chlorine, the extra amount being 
due to the oxygen liberated. The liberation of oxygen when a 
solution of hypochlorous acid is heated is most probably due to 
decomposition of chlorine monoxide: 2HCIO=H,0+0+Cl,. If this 
is so, then free chlorine should be produced as well as oxygen. 

Instead of taking hypochlorous acid and calcium carbonate, calcium 
chloride was used. On warming a solution of hypochlorous acid 
and calcium chloride, a considerable amount of free chlorine was 
produced as well as oxygen. The formation of chlorate after treat- 
ment of hypochlorous acid with calcium chloride, and its absence in 
the original hypochlorous acid solution, was shown by dividing a 
solution of hypochlorous acid into equal volumes, one only being 
heated with a solution of calcium chloride. Both were then treated 
with hydrogen sulphide, boiled, and distilled with hydrochloric acid. 
The one containing calcium chloride gave chlorine and oxides of 
chlorine, which liberated iodine freely from potassium iodide, the other 
gave no such reaction. 

Some further experiments were made to determine the ratio of the 
amount of chlorate formed and the oxygen liberated. A solution of 
hypochlorous acid containing 0°756 gram of “ hypochlorous” chlorine 
and a strong solution of calcium chloride was decomposed by heat in 
an atmosphere of carbon dioxide; “chlorate” chlorine =0°107 gram 
and oxygen liberated =11°8 c.c. (at N.T.P.). * 

In another experiment, a solution of hypochlorous acid containing 
0551 gram of “hypochlorous” chlorine and a strong solution of 
calcium chloride was similarly decomposed ; “chlorate” chlorine 
=0°089 gram and oxygen liberated = 12°2 c.c. (at N.T.P.). 

* The atomic ratio calculated from these figures is roughly 3 atoms of chlorine to 
1 atom of oxygen. 
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From the foregoing experiments, it will be seen that, in the first 
place, in mixtures of calcium carbonate and water in the cold where 
there is not a large excess of calcium carbonate, the reaction can be 
expressed as follows : 

CaCO, + 2CO, + H,O = CaCl, + 2HCI10 + CO,, 

When, however, the hypochlorous acid is above a certain strength, then 
a certain amount of calcium hypochlorite is formed, and also calcium 
chlorate and calcium chloride. As the amount of calcium chloride 
increases, the ratio of calcium hypochlorite to bypochlorous acid also 
increases. When chlorine is passed through a hot solution of calcium 
chloride with calcium carbonate in suspension, calcium chlorate, 
chloride, oxygen, and free chlorine are formed. In this case, hypo- 
chlorous acid appears to be the compound which is decomposed, 
yielding the free oxygen and chlorine. 


CENTRAL HINDU COLLEGE, 
BENARES, INDIA. 


XXVII.— Contributions to the Chemistry of the Terpenes. 
Part LII. Some Oxidation Products of Pinene. 


By George GeraLp HENDERSON and Istpore Morris HEILproy. 


Tue additive compound C,)H,,,2Cr0,Cl,, which is formed by the 
action of chromyl chloride on pinene under suitable conditions 
(Henderson and Gray, Trans., 1903, 83, 1299), yields when de- 
composed by water a saturated aldehyde, an unsaturated ketone, and 
a small quantity of a chlorinated oxidation product, together with 
much resinous matter. The aldehyde is easily converted into the 
corresponding acid, and, as it was found that a bromo-derivative of 
this could not be obtained by direct bromination, the chloride, 
C,H,,*COCI, was prepared from the acid. This chloride is a heavy, 
oily liquid, which reacts readily with water, and when heated with 
bromine under pressure is converted easily and completely into the 
bromo-derivative, C,H,,Br‘COCl. This compound is very similar in 
properties to the chloride, and is decomposed by water with formation 
of the crystalline bromo-acid, C,H,,BreCO,H. When boiled with 
aqueous sodium carbonate, the bromo-acid is converted into the 
corresponding hydroxy-acid, C,H,,(OH)*CO,H, which crystallises in 
needles and is soluble, although not readily, in water. Its sodiwm salt 
is readily, and its silver salt very sparingly, soluble in water. 

When the impure bromo-acid, prepared by the action of water on 
its chloride, was treated with cold aqueous sodium carbonate, there 
remained undissolved a small quantity of a neutral compound which 
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contains both bromine and oxygen. It erystallises from alcohol in 
small, colourless prisms, and appears to have the composition repre- 
sented by the formula C,)H,,0Br. 

The crude hydroxy-acid, precipitated by addition of dilute sulphuric 
acid to the alkaline solution obtained by heating the bromo-acid with 
sodium carbonate, was heated with water. The hydroxy-acid passed 
into solution, but a small quantity of another acid was left undissolved. 
This acid, of which the formula is probably C,)H,,0,, crystallises from 
alcohol in silvery leaflets. Its silver salt crystallises from water in 
small, colourless needles. 

The ketone described in the former paper on this subject (Joc. cit.), 
to which the formula C,,H,,0 was provisionally assigned, has now 
been obtained in a purer state, and has been found to have the 
formula CyH,,0. When reduced with sodium and alcohol, it yields 
the alcohol, C,H,,*OH, a viscous, colourless liquid, almost insoluble in 
water, but freely soluble in alcohol or ether. Its phenylurethane 
erystallises in delicate, colourless needles, and its wcid phthalic ester in 
lustrous leaflets. 

When heated with ammonium formate, the ketone is converted 
chiefly into the formyl derivative of an amine. The free amine, 
(,H,,-NH,, is a colourless, oily liquid with a strong, disagreeable 
odour, and is almost insoluble in water. I1ts hydrochloride erystallises 
in silky needles which are extremely easily soluble in water, and its 
platinichloride is obtained in yellow leaflets. 

The chlorinated oxidation product, separated from the ketone by 
repeated fractional distillations under diminished pressure, has the 
formula C,,H,,OCl. It crystallises from light petroleum in small 
prisms, and decomposes when heated above its melting point. It is 
very readily soluble in the usual organic solvents, and is not 
decomposed when heated with water. It does not yield an oxime or a 
semicarbazone, and when treated with sodium and alcohol it is slowly 
converted into a crystalline, strongly odorous compound which does 
not contain chlorine. 

It is to be hoped that further investigation will throw light on the 
question of the constitution of the compounds described; in the 
meantime, it would hardly be profitable to indulge in speculation on the 
subject. 


EXPERIMENTAL. 
Preparation of the Hydroxy-Acid, C,H, ,(OH)*CO,H. 

The calculated quantity of phosphorus pentachloride was mixed with 
light petroleum, and the dry, finely-powdered acid, C,H,,*CO,H, was 
added in small quantities at a time. The mixture was left for some 
hours at the ordinary temperature and then heated on the water-bath 
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under a reflux condenser until the action was completed. The light 
petroleum was evaporated, and the residue was then fractionally 
distilled under diminished pressure. The chloride of the acid was 
thus obtained in a purified state. 

The chloride, C,H,,*COCI, is a colourless, somewhat viscous liquid, 
which boils at about 130° at 30 mm. pressure. It is denser than 
water and has a peculiar, but not unpleasant odour. It undergoes 
rapid decomposition when exposed to moist air, and is quickly 
converted into the corresponding acid by the action of cold water. 

The bromo-derivative, C,H,,Br*COC!, was prepared by heating the 
chloride with a slight excess of bromine in a sealed tube at 100° for 
about twenty-four hours. This derivative is also a liquid, very 
similar in appearance to the chloride, and it reacts readily with water, 

In order to prepare the corresponding acid, the bromo-derivative was 
poured into water, and the mixture was well stirred until all the oily 
compound was decomposed. ‘The crystalline solid was collected, and 
treated with a cold aqueous solution of sodium carbonate. A small 
quantity of a solid which did not pass into solution was removed by 
filtration, the filtrate was acidified, and the bromo-acid which 
separated was purified by recrystallisation from dilute alcohol. 

The bromo-acid, C,H,,Br°CO,H, crystallises in small, colourless 
prisms. It is very readily soluble in alcohol or ether, and rather 
sparingly so in water. 

The hydroxy-acid was obtained by boiling the bromo-acid with an 
aqueous solution of sodium carbonate for some hours under a reflux 
condenser. The solution was then concentrated, cooled, acidified with 
sulphuric acid, and shaken several times with ether. The ethereal 
solution was washed with water and dried with calcium chloride, the 
ether distilled off, and the residue was heated with water. Most 
of it passed into solution, but a small portion remained undissolved, 
and was separated by filtration; from the filtrate, on cooling, the 
hydroxy-acid separated in a crystalline state, and was purified by 
several crystallisations from water. 

The hydroawy-acid, C,H,,(OH)-CO,H, ecrystallises in small, colourless 
prisms, which melt at 227°. It is extremely easily soluble in alcohol, 
fairly so in water, and almost insoluble in light petroleum. When 
heated with insufficient water for solution, it melts and forms oily drops: 


0°1884 gave 0°4486 CO, and 01520 H,O. C=64:9; H=8°9. 
01668 ,, 03956 CO, ,, 0°1305 H,O. C=64:8; H=8°7. 
C,,H,,0, requires C=65°2 ; H=8°7 per cent. 


The sodium salt forms colourless crystals, which are readily 
soluble in water; the silver salt is obtained as a sparingly soluble, 
white, crystalline precipitate. 
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When boiled with lead peroxide and a little water, the hydroxy-acid 
does not yield a ketone, but is converted into the lead salt of another 
acid, of which the quantity available was too small to permit of 
examination. 

The crystalline compound, which was produced along with the 
bromo-acid and was separated from the latter by its insolubility in 
cold aqueous sodium carbonate, was purified by crystallisation from 
alcohol. It crystallises in minute, colourless prisms, which melt at 
173°, and is rather sparingly soluble in alcohol and insoluble in water. 
It is neutral in character, and on analysis it gave results which 
correspond fairly with those demanded by the formula C,)H,,OBr : 

0:2476 gave 0°4710 CO, and 01332 H,O. C=51'9; H=6°0. 

0:1862 ,, 01524 AgBr. Br=34'8. 

C,,H,,0Br requires C=52°4 ; H=5°7; Br=34°9 per cent. 

Owing to the small quantity in our hands, we were not able to 
examine this compound more fully. 

As stated above, another acid is formed in small quantity along with 
the hydroxy-acid when the bromo-acid is boiled with aqueous sodium 
carbonate. This acid was easily separated from the hydroxy-acid, as it 
is insoluble in water, and was purified by crystallisation from alcohol, 
in which it is rather sparingly soluble. It forms silvery leaflets, which 
melt at 144°, and it appears to have the composition C,)H,,0, : 


0'1200 gave 0°3164 CO, and 00956 H,O. C=719; H=8'8. 
C,oH,,0, requires C=72°3 ; H=8°4 per cent. 
The silver salt of this acid crystallises from water, in which it is very 
sparingly soluble, in colourless needles : 
00680 gave 0°0268 Ag. Ag=39-4. 
C,,H,,0,Ag requires Ag = 39°6 per cent. 


The Ketone, C,H,,0. 


Owing to the difficulties met with in purifying the small quantity 
of the substance then at our disposal, the analyses of the ketone quoted 
in the first paper on this subject (Joc. cit.), which pointed to the 
formula C,,H,,0, were open to suspicion, even although the determina- 
tions of the percentage of nitrogen in its semicarbazone also supported 
that formula. By the oxidation.of fresh quantities of pinene, a larger 
supply of the ketone was obtained, and was first purified in the manner 
already described, and then repeatedly distilled, first under diminished 
and ultimately at atmospheric pressure, until a fraction of quite 
constant boiling point was separated. The pure ketone thus obtained 
boils at 209—210° under a pressure of 757 mm. A number of closely- 
agreeing analyses, of which two are quoted below, showed that the 
formula of the ketone is C,H,,0: 
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0°1503 gave 04304 CO, and 0'1400 H,O. C=781; H=10°3, 
0°1612 ,, 0:4608 CO, and 01528 H,O. C=78:0; H=105, 
C,H,,0 requires C=78°3; H=10'1 per cent. 

Determinations of the molecular weight of the ketone by the 
cryoscopic method gave similar results : 

0°2350 in 30°32 acetic acid gave At-0°22°. Mol. wt.=136. 

0°1635 ,, 27°83 ‘ oi eee gt oo wid, 

C,H,,0 requires Mol. wt. = 138. 

The semicarbazone of the ketone, it is true, was found to contain 
only 20°5 per cent. of nitrogen, whilst a semicarbazone of the formula 
C,,H,,ON, should contain 21°5 per cent. On the other hand, the 
analysis of the alcohol obtained by reduction of the ketone confirms 
the conclusion that the formula of the latter is C,H,,0. 


Preparation of the Alcohol, C,H,,-OH. 


A solution of the ketone in alcohol was heated to boiling under a 
reflux condenser, and twice the theoretical quantity of sodium was 
gradually added. The liquid after cooling was mixed with water and 
almost completely neutralised with acetic acid, and the bulk of the 
alcohol was then distilled off. The residual liquid was shaken several 
times with ether, and the ethereal solution was washed with water 
and dried with anhydrous magnesium sulphate. After removal of the 
ether by distillation, the oily liquid which remained was fractionally 
distilled under diminished pressure; after several fractionations, the 
greater part distilled at a constant temperature. 

The alcohol, C,H,,*OH, is a colourless, rather viscid liquid, with an 
odour somewhat like that of pinene. It boils at 147—148° undera 
pressure of 90 mm. It does not mix with water, but is freely soluble 
in alcohol or ether. It is unsaturated, uniting with two atomic 
proportions of bromine to form an additive compound, which, 
however, is unstable and quickly decomposes with evolution of 
hydrogen bromide : 

0°3226 gave 0°9126 CO, and 0°3274 H,O. C=771; H=11°4. 

03660 ,, 1:0362CO, ,, 03776 H,O. C=772; H=11°5. 

C,H,,0 requires C=77'1 ; H=11°4 per cent. 

The phenylurethane, C,H,,O°‘CO*-NHPh, was obtained by heating 
the alcohol with phenylcarbimide and recrystallising the product 
several times from dilute alcohol. It crystallises in colourless, 
lustrous prisms, which melt at 96°, and is very’ readily soluble in 
alcohol or ether, but insoluble in water : 

0°2658 gave 13:2 c.c. nitrogen at 18° and 766mm. N#=5°8. 

C,,;H,,0,N requires N = 5-4 per cent. 
Several different methods of preparing a benzoate and an acetate 
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from the alcohol were tried, but satisfactory products were not 
obtained. On the other hand, a crystalline acid phthalic ester, 
(0,H-C,H,*CO,°C,H,,, was easily produced. Equal weights of the 
alcohol and of finely-powdered phthalic anhydride were mixed with 
alittle benzene and heated for some hours on the water-bath under a 
reflux condenser. The mixture was then poured into crushed ice, 
sodium carbonate was added in slight excess, and the insoluble 
portion removed by filtration. The filtrate was acidified with dilute 
sulphuric acid and shaken several times with ether. The ethereal 
solution was washed and dried, the ether removed by distillation, and 
the solid residue which remained was purified by several crystallisa- 
tions from light petroleum. 

The ester obtained in this way crystallises in silvery leafiets which 
melt at 107°. It is very readily soluble in alcohol or ether, sparingly 
so in light petroleum, and insoluble in water : 

(2398 gave 0°6246 CO, and 071598 H,O. C=709; H=7-4, 

C,,H,,0, requires C=70°8 ; H=6°9 per cent. 

When treated with cold aqueous sodium carbonate, it passes readily 

into solution, forming a colourless sodium salt. 


Preparation of the Amine, C,H,,°NH,. 


A mixture of the ketone with twice its weight of dry ammonium 
formate was heated in a sealed tube at 165° for twelve hours. After 
cooling, the contents of the tube were extracted with water and with 
ether, the ethereal solution was separated, evaporated, and the residue, 
which consisted for the most part of the formyl derivative of the 
amine, was hydrolysed by heating with an alcoholic solution of 
potassium hydroxide under a reflux condenser for about fifteen hours. 
After adding water to the solution, the amine was extracted by means 
of ether, and then removed from the ethereal solution by agitation 
with dilute hydrochloric acid. The solution of the hydrochloride was 
mixed with excess of potassium hydroxide, and the liberated amine 
was distilled in a current of steam and extracted from the distillate 
with ether. The ethereal solution was dried with potassium hydroxide, 
and then saturated with dry hydrogen chloride. The crystalline 
precipitate of the hydrochloride of the amine which separated was 
purified by solution in alcohol and precipitation with ether, and from 
the pure salt the amine was obtained by addition of potassium 
hydroxide and distillation with steam. 

The amine, C,H,,"NH,, is a colourless oily liquid with a strong 
disagreeable odour and an alkaline reaction. It is almost insoluble in 
water, but easily soluble in alcohol or ether, and it volatilises readily 
in steam. Unfortunately, the quantity of this compound obtained 
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was too small to permit of the determination of its physical 
constants. 

The hydrochloride of the amine, C)H,,-NH,,HCI, crystallises in 
white, silky needles. It is extremely easily soluble in water or alcohol, 
but nearly insoluble in ether, On heating, it decomposes without 
melting, ammonium chloride being formed. The percentage of 

aw hydrogen chloride in the salt was determined, and the result agreed 
well with that required by the formula, although the quantity taken 
for analysis was of necessity very small. 

The platinichloride of the amine, (C)H,,*NH,),,H,PtCl,, crystallises 
in pale yellow leaflets, and is fairly readily soluble in water : 

0:2438 gave 0°0702 Pt. Pt=28°8. 

C,,H,,N,Cl,Pt requires Pt = 28°4 per cent. 


r 


Preparation of the Compound C,,H,,OC1. 


The small quantities of a substance of higher boiling point, which 
were separated in the process of purifying several different preparations 
of the ketone, were mixed and subjected to fractional distillation under 
a pressure of 40 mm. in an atmosphere of dry carbon dioxide. The 
portion which distilled at 160—165° solidified on cooling to a pasty 
mass. From this product, the oily portion was separated as completely 


as possible by the aid of the pump, and the solid residue was drained 
on a porous plate, being then purified by several crystallisations 
from light petroleum. Further fractionations of the oily portion 
yielded an additional quantity of the crystalline compound. 

The compound C,,H,,OCl is a snow-white, crystalline solid witha 
slight odour. It melts at 168°, and when heated above its melting 
point at atmospheric pressure it is decomposed with formation of water, 
hydrogeu chloride, and oily substances. Slight decomposition also 
occurs when it is heated under diminished pressure, similar 
decomposition products being formed in small quantity. It is in- 
soluble in water, but very readily soluble in alcohol, ether, or light 
petroleum : 

0°2074 gave 0°4932 CO, and 0:1508 H,O. C=64:7; H=8'l. 

0:2030 ,, 01572 AgCl. Cl=19°1, 

C,,H,,OCl requires C= 64:4; H=80; Cl=19-0 per cent. 

It was found that this chlorinated oxidation product did not yield 
either an oxime or a semicarbazone, at least under usual conditions, and 
that it is very inert towards a number of other reagents. It is not 
decomposed by boiling water, and is scarcely affected when heated with 
moist silver oxide, or with silver acetate in presence of alcohol, or with 
a concentrated alcoholic solution of potassium hydroxide. However, 
it is slowly attacked by sodium ethoxide in hot alcoholic solution, and 
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the following method of treatment was adopted. Sodium was added 
gradually to a concentrated alcoholic solution of the compound, which 
was then boiled under a reflux condenser for a considerable period. 
Sodium chloride slowly separated, and, when the reaction appeared to 
beat an end, water was added and the mixture was shaken several 
times with ether. The ethereal solution was separated, washed with 
water, and dried with calcium chloride, and after removal of the ether 
there remained a yellow, crystalline solid with a very strong odour like 
that of camphor. As this substance was found still to contain some 
chlorine, the treatment with sodium and alcohol was repeated several 
tines. Finally, the product, separated as described, was purified by 
distillation in a current of steam and by crystallisation from dilute 
alcohol. In this way,a small quantity of a compound which contained 
no chlorine was obtained. It crystallises in small colourless prisms, 
which melt at about 165°, and has a very strong odour, somewhat like 
that of camphor. It is very readily soluble in the usual organic 
solvents, and it volatilises very easily in a current of steam. ‘he 
quantity in our hands was insufficient for analysis. 


We desire to express our thanks to the Committee of the Carnegie 
Trust for a grant which defrayed the expenses, and to Mr. James D. 
Fraser for assistance in part of the work. 
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XXVIII.—The Effect of Constitution on the Rotatory 
Power of Optically Actwe Ammonium Com- 
pounds. Part LE. 


By Humpnrey Owen Jones and Joun RosertsHaw Hitt. 


Iy a former communication (Trans,, 1906, 89, 282) by Miss M. B. 
Thomas and one of us, the determination of the value of the rotatory 
powers of the ions of ten substituted ammonium compounds was 
described. These compounds formed two sets of five, all owing their 
activity to the presence of an asymmetric nitrogen atom attached to 
four alkyl groups; in one set, the phenyl, methyl, and benzyl groups 
were present together with one of the following alkyl groups: ethyl, 
n- or iso-propyl, isobutyl or isoamy] ; in the other set of five compounds, 
the benzyl group was replaced by the allyl group. 

The results obtained were discussed with reference to Guye’s 
VOL, XCIII. xX 
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hypothesis as applied to the quinquevalent nitrogen atom, and it 
was decided that further experiments were necessary before deciding 
how far the hypothesis applied. 

The present paper contains an account of the results obtained 
in the examination of a set of five substituted ammonium compounds 
containing the groups: p-bromophenyl, methyl, and allyl, together 
with one of the homologous groups, ethyl, - or iso-propyl, isobutyl or 
isoamyl. This set therefore differs from the second set mentioned 
above by the introduction of a bromine atom into the phenyl 
group. 

The substituted bromoanilines used were all new except one ; their 
preparation and properties have already been described elsewhere 
by one of us (Hill, Proc. Camb. Phil. Soc., 1907, 14, 166), and it 
has also been shown (Hill, ébid., 351) that the bromine atom had 
entered the benzene ring in the para-position with respect to the 
nitrogen atom. 

The methods adopted for the resolution of the compounds and the 
mode of determining the rotatory power of the ion of the substituted 
ammonium salt has already been fully described in the former paper 
on this subject (/oc. cit.). 

p-Bromophenylmethylethylallylammonium iodide was deposited rapidly 
from a mixture of p-bromomethylethylaniline and ally] iodide in 
equimolecular proportions. After recrystallising repeatedly from 
alcohol, it formed colourless, stout prisms melting at 151°: 


02248 gave 0°3100 CO, and 0:0900 H,O. C=376; H=4°4. 
C,,H,,NBrI requires C = 37:7 ; H=4-45 per cent. 


p-Bromophenylmethylethylallylammonium d-camphorsulphonate was 
prepared in the usual way by mixing equivalent quantities of the 
substituted ammonium iodide and silver d-camphorsulphonate and 
boiling for some time with ethyl acetate and alcohol. After filtering 
and removing the solvent by evaporating on a water-bath, the residue 
was allowed to stand in a desiccator, when the d-camphorsulphonate 
readily crystallised. It was recrystallised repeatedly from acetone, 
and then melted at 153°. 

After three recrystallisations, 0°2226 gram dissolved in 15-298 
grams of water gave a rotation of 0°32°; hence [M], +53:4°.* 

After six recrystallisations, 0°2175 gram in 15°30 grams of water 
gave a rotation of 0:25°; hence [M], +42°7°. 

After nine recrystallisations, 0°2920 gram in 14°99 grams of water 
gave a rotation of 0°362°; hence [M], + 452°. 


* All the determinations of rotatory power included in this paper were made in 
2-dem. tubes with a Landolt-Lippich triple field polarimeter, and, unless stated 
otherwise, the temperature was approximately 15°, 
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The iodide precipitated from this solution by the addition of 
potassium iodide gave a solution in alcohol which was inactive. 

Thus the camphorsulphonate remains unresolved on recrystallisa- 
tion from acetone. ) 

It was afterwards recrystallised from amyl] acetate at 100°. After 
three or four recrystallisations, 0°2154 gram dissolved in 15°54 grams 
of water gave a rotation of 0°28°; hence [M], + 49°. 

Thus the rotatory power is not changed by recrystallising from 
amyl acetate at 100°. 

p-Bromophenylmethylethylallylammonium d-bromocamphorsulphonate 
was prepared by the interaction of equimolecular proportions of silver 
d-bromocamphorsulphonate and the iodide in boiling acetone. The 
solution was filtered, evaporated on a water-bath, and allowed to stand 
in a vacuum desiccator, when it crystallised after sometime. Attempts 
were made to recrystallise it from a large number of solvents and 
mixtures of solvents, but it invariably separated as an oil. It was 
next fractionally precipitated from acetone solution by the addition of 
light petroleum. This was done six times, but it still did not crystal- 
lise, and the iodide precipitated from a portion was found to be 
inactive. 

The salt of Armstrong and Lowry’s bromocamphorsulphonie acid 
was also prepared, but was not obtained crystalline. 

Since it had been shown by Miss Homer (Proc. Camb. Phil. Soc., 1907, 
14, 196) that asymmetric nitrogen compounds can be resolved by means 
of tartaric acid, it was decided to try this acid in this case. 

p-Bromophenylmethylethylallylammonium hydrogen d-tartrate was 
therefore prepared in the following way. The iodide was dissolved 
in a mixture of alcohol and water, and slight excess of silver oxide 
added. After warming and allowing to stand for a short time, 
the solution was filtered from silver iodide, and an aqueous solu- 
tion of the calculated quantity of d-tartaric acid was added. 
After evaporating the solution on a water-bath and allowing to 
stand in a desiccator, the tartrate crystallised. Some difficulty was 
experienced in finding a solvent from which the tartrate could be 
recrystallised, but eventually a mixture of alcohol and amy] acetate 
was found to answer the purpose. Afterwards, as purification of the 
tartrate proceeded, alcohol alone or a mixture of alcohol and etbyl 
acetate was used. 

Analyses of the tartrate, dried over sulphuric acid in a desiccator, 
gave the following results : 

0:2595 gave 0°4200 CO, and 0:1298 H,O. C=4410; H=55. 

01968 ,, 0:3190CO, ,, 0°1031 H,O. C=44:20; H=5:82. 

C,,H,.O,NBr requires C = 47°52 ; H =5°45 per cent. 
C,,H,,.0,N Br,2H,O requires C= 43°64 ; H=5-91 per cent. 
x 2 
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The tartrate melts at about 75° to a cloudy liquid, which effervesces 
at about 110° and becomes clear. 

Thus it appears that the salt contains two molecules of water of 
crystallisation, the high results obtained for carbon probably being 
due to drying over sulphuric acid. It is remarkable that a salt 
should retain water of crystallisation in alcoholic solution, but other 
cases of the same kind have been observed by us and by others. 

An attempt was made to estimate the percentage of water by 
heating the tartrate to 105°, but the weight decreased very slowly and 
continued to do so indefinitely, showing that decomposition takes place 
at this temperature. 

After five recrystallisations, 0°2435 gram of tartrate, dissolved in 
15°52 grams of water, gave ap+0°21°; hence [a])+6°4° and 
[M]p)+27° 

After seven recrystallisations, 0°2024 gram in 15°30 grams of water 
gave ap+0°13°; hence [a], +4°9° and [M], + 19°8°. 

After ten recrystallisations, 0°2472 gram in 15-70 grams of water 
gave ap+0-09°; hence [a], + 2°86° and [M],+11°5° 

After fourteen recrystallisations, 0°2467 gram in 15°31 grams of 
water gave ap +0-09°; hence [a], + 2°8° and [M],+11°3°. 

After seventeen recrystallisations, 0°2218 gram in 15°21 grams of 
water gave ap + 0:07° and [ M |], + 9°7°. 

Furtber recrystallisation did not seem to effect any measurable 
change. 

The [M], for C,,H,,0,NBr,2H,O, which corresponds with [M ]p 10° 
for C,,H,.0,NBr, is 10°9°. 

Taking [MJ], for the ion C,H,O,H as 42°, from the results of 
Landolt on ammonium hydrogen tartrate, we get [MJ], for the ion 
C,H,Br-CH,°C,H,*C,H,*N- as about —- 31° 

The results on the whole are not very satisfactory, since the 
observed rotatory power is too small to enable us to determine whether 
the rotatory power is really constant, and a determination of the 
influence of temperature on the rotatory power is a hopeless task with 
such small readings. Attempts are being made to resolve this 
compound by means of other acids, in the hope of obtaining more 
satisfactory results. 

The active iodide recovered from the tartrate melted at 142—143°, 
and was levorotatory. So little of the iodide was obtained that 
trustworthy determinations of the rotatory power could not be made, 
but [M]> appears to be about - 20°; [M]p for the same specimen in 
chloroform was — 26°6°, and autoracemisation occurred. 

p-Rromopheny! methyl-n-propylallylammonium iodide was readily 
deposited in a crystalline state from a mixture of p-bromomethylethyl- 
aniline and ally] jodide in equimolecular proportions, The salt was 


POWER OF OPTICALLY ACTIVE AMMONIUM COMPOUNDS. 299 


readily recrystallised from alcohol, and separated in thin, colourless 
plates, usually hexagonal in shape, which melted at 140°: 
0:2002 gave 0°2905 CO, and 0°0874 H,O. C=39'5; H=4°85. 
C,,H,,NBrlI requires C = 39°4 ; H = 4°80 per cent. 


p-Bromophenylmethyl-n-propylallylammonium  d-camphorsulphonate 
was prepared in the usual way, and was found to crystallise readily. 
When recrystallised repeatedly from either hot or cold ethyl acetate, 
it was found that the rotatory power of the salt in aqueous solution 
did not change appreciably, and did not differ much from that of the 
acid ion, as may be seen from the following determination : 


03061 gram in 12°736 grams of solution gave ap+0°51°; hence 
[a]p + 10°6° and [M]p +53°0°. 

The camphorsulphonate melts at 161—162°, but was not further 
examined, as the desired resolution was effected readily by means of 
the bromocamphorsulphonate. 

p-Bromophenylmethyl-n-propylallylammonium  d-bromocamphorsul- 
phonate was prepared in the usual way, and was found to crystallise 
after standing for some time in a vacuum desiccator. The salt was crys- 
tallised at first from acetone and a little toluene, then, as its solubility 
in acetone diminished, acetone alone was used, and finally, in some 
cases only, acetone containing a trace of alcohol was used as solvent. 

The melting point of the salt rose gradually, until it became 
constant at 159—160°, and the molecular rotatory power of the salt 
also increased and became constant at 416° after about three or four 
crystallisations. Analysis of the salt gave the following result : 

02173 gave 0°3825 CO, and 01145 H,O. C=480; H=5°85. 

C.,H,,0,NBr,S requires C= 47°8 ; H=5°70 per cent. 

Since the rotatory power of the basic ion in this salt proves to be 
less than that of the corresponding isopropyl ion, and in the corre- 
sponding phenyl series previously described (loc. cit., p. 297) the 
rotatory powers of the n- and iso-propyl compounds were almost 
identical, special precautions were taken to see that the resolution 
was complete. The salt was resolved on three separate occasions, and 
cold and hot acetone with and without alcohol used as solvent, but in 
all cases the same result was obtained. 

The following experiments sutlice to prove that the separation is as 
complete as possible : 

After three crystallisations, 0°1180 gram in 11'269 grams of 
solution gave ap +1°51°; hence [a]p +72°1° and [M], +417°. 

After two further crystallisations from cold acetone, 0:1180 gram 
in 11-621 grams of solution gave ap + 1°46°; hence [a]p +71'9° and 
[M], +416°. 
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After two further crystallisations from warm acetone, containing a 
trace of alcohol, 0°1581 gram in 11°235 grams of solution gave 
ay +2°00°; hence [a], +71:0° and [M], + 412°. 


These determinations and several others were carried out at the 
ordinary temperature of about 15°, and show that the molecular 
rotatory power of the salt may be taken as 416° at this temperature ; 
taking that of the acid ion as 275°, the molecular rotatory power of 
the basic ion is obtained as 141°. 

The influence of temperature on the rotatory power was then 
determined on a specimen of salt which gave a value of ([M], +417° 
at 15°. 


0:1790 Gram in 16-022 grams of solution gave the following results 
(the salt is rather sparingly soluble in water, and this solution was 
practically saturated) : 


t. Gp. [a]p. [M]». [M]> for basic ion. 
6° 1°62° 72°5° 420° 148° 

12 1°61 72°0 417 143 

25 1°60 71°6 414 134 

45 1°56 70°6 409 120 


The densities in all these dilute solutions are practically identical 
with those of water at_the same temperature. 

d-p-Bromophenylmethyl-n-propylallylammonium ‘iodide was precipi- 
tated as colourless plates on the addition of a very concentrated 
potassium iodide solution to the saturated solution of the bromocamphor- 
sulphonate. On account of the sparing solubility of the latter salt, only 
a small proportion of the iodide could be obtained. 

The active iodide melts at 142—143°, whether taken as precipitated 
or after crystallising from cold alcohol. 

Determinations of its rotatory power were made in solution in 
alcohol and in chloroform ; the iodide is very sparingly soluble in the 
latter solvent, so that good values could not be obtained. The active 
iodide, like all those hitherto examined, undergoes autoracemisation in 
chloroform. 

In ethy! alcohol at 15°: 


0°118 gram in 9°377 grams of solution gave ap +0°73° (density = 
0°810) ; hence [a], +35°8° and [M], +142°. 

0°122 gram in-9°661 grams of solution gave ay +0°76° (density = 
0°811); hence [a], +37:1° and[M], +147°. 

0°118 gram in 9°270 grams of solution gave ap +0°75° (density = 
0°810) ; hence [a], +36°4° and [M], +144° 


The value of the molecular rotatory power in ethyl alcohol may 
therefore be taken as 144°. 
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In chloroform : 

00781 gram in 16°85 grams of solution gave a, +0°80° (density = 
1-494) ; hence [a], +57°9° and [M]) +229°. 

01080 gram in 16°532 grams of solution gave ap +1°10° (density = 
1500) ; hence [a], +56°2° and [M], + 222°. 

Hence we may take the value of [M], to be about 226° in chloro- 
form, a value rather unusually large compared with that obtained in 
alcohol. 

The rotatory power of these chloroform solutions fell to about three- 
fourths value in four hours, nine-sixteenths in nine hours, and became 
almost inactive in about forty-eight hours and quite inactive between 
forty-eight and seventy-two hours. 

p-Bromophenylmethylisopropylallylammonium iodide.—A mixture of 
the calculated quantities of p-bromomethylisopropylaniline and allyl 
iodide gradually deposited crystals of the quaternary iodide on standing. 
After recrystallising several times from alcohol, the salt formed colour- 
less, rectangular prisms or rhombs, melting at 153°: 

02142 gave 0°3075 CO, and 0°0978 H,O. C=39°15; H=5:07. 

C,,H,)NBrI requires C= 39°4 ; H = 4°80 per cent. 

p-Bromophenylmethylisopropylallylammonium d-camphorsulphonate was 
prepared by heating together calculated quantities of the iodide and 
silver d-camphorsulphonate with moist acetone. After filtering off the 
silver iodide, the acetone was evaporated, and the salt crystallised readily 
on standing a very short time. The camphorsulphonate was first 
recrystallised a few times from a mixture of acetone and toluene, 
then from acetone alone, and finally, as it became less soluble, from 
acetone and water. 

After nine recrystallisations, 0°2248 gram of the salt in 15:4 grams 
solution gave ap —0°01°; hence [M], -—1°7°. 

After twelve recrystallisations, 0:2560 gram in 16:46 gramsof solution 
gave ay —0°02°; hence [M], —3°2°. 

After four more recrystallisations, 0'2272 gram in 15°28 grams of 
solution gave ap —0°11°; hence [M], —18°5°. 

Thus it appeared that the 7BdA salt was being isolated, but the 
rotatory power was not yet constant, and it was clear that large 
quantities of the salt would have to be worked up. ‘The salt melted 
at 163°: 

0'1760 gave 0:3572 CO, and 0:1087 H,O. C=55°35 ; H=6-86. 

. ©,,H,,0,NBrS requires C = 55:20 ; H=6°8 per cent. 

Some time later, another attempt was made to resolve this salt, The 
salt from the mother liquors together with same freshly-prepared salt 
was recrystallised from acetone anda few drops of alcohol, as it was so 
sparingly soluble in acetone alone. The salt was now found to be 
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strongly dextrorotatory, and it therefore appeared that the dBdA salt 
was being obtained. 

After six recrystallisations, 0:2206 gram in 14°83 grams of water 
gave ap + 1°28°; hence [MJ], +215-2°. 

After eight recrystallisations, 0°2472 gram in 14°85 grams of water 
gave ay +1°41°; hence [M], + 212°. 

After ten recrystallisations, 0°1977 gram in 14°88 grams of water 
gave ay + 113°; hence [M], +212°7° 

Thus it appears that the molecular rotatory power becomes con- 
stant at about 213°. This gives the value of [M]p for the basic ion 
as 161°, 

We have not yet been able to find the explanation of these curious 
observations, and have not been able on subsequent occasions to 
isolate the 7BUA salt ; the dBdA salt when recrystallised from acetone 
and water did not become levorotatory. The rotatory power of the 
dBdA salt was observed at different temperatures. 

02395 Gram dissolved in 16-085 grams of water gave the following 
rotations (density = 1‘0U2 at 15°): 


Gp. [a]p. [M]p. {M]» for basic ion, 
130° 43 °5° 217°5° 169°5° 
1°28 42°9 215°0 165°5 
1°25 41°9 210°0 158°5 
1‘22 40°9 2050 151°4 
1°20 40°2 203°0 147°4 
1°18 39°5 200°0 142°4 


The corresponding d-bromocamphorsulphonate was prepared, but did 
not crystallise. 

d-Bromophenylmethylisopropylallylammonium iodide was readily 
precipitated from an aqueous solution of the resolved camphor- 
sulphonate by addition of concentrated potassium iodide solution. 
It melts at 153°, the same temperature as the inactive iodide. 

The following determinations of its rotatory power in ethyl-alcoholic 
solution were wade at 15°: 

0°1154 gram in 12°69 grams of alcohol gave ap +0°60° (density= 
0°810) ; hence [a]p +40°7° and [ M ]p +165° 

0°2073 gram in 22°72 grams of alcohol gave ap +0°59° (density= 
0°81) ; hence [a], +39°9° and [M],, + 162° 

This iodide was very sparingly soluble in chloroform, and it was 
therefore not found possible to determine the rotatory power in this 
solvent. ' 

p-Bromophenylmethylisobutylal/ylammonium iodide was deposited 
very slowly on mixing p-bromomethylisobutylaniline with allyl iodide 
in equimolecular proportions. This salt was very soluble in alcohol, 
and crystallised with difficulty. It was recrystallised from acetone or 
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from alcohol and ether, when it separated as microscopic prisms, 
melting at 135—136°: 

0:2485 gave 0°3745 CO, and 0°1207 H,O. C=41:10; H=5:39. 

C,,H,,NBrl requires C= 40-97 ; H =5°12 per cent. 

The d-camphorsulphonate was prepared and recrystallised repeatedly 
from acetone and light petroleum, but its molecular rotatory power was 
then found to be only just above 60°; further examination of this salt 
was abandoned, as the desired result was cbtained by means of the 
bromocamphorsul phonate. 

p-Bromophenylmethylisobutylallylammonium d-bromocamphorsulphon- 
ate was prepared by heating together the calculated quantities of 
silver d-bromocamphorsulphonate and the iodide in moist acetone. 
It crystallised readily from the filtrate after evaporating on a water- 
bath. It was recrystallised from acetone, in which it is readily 
soluble, or from acetone and light petroleum; the bromocamphor- 
sulphonate melts at 138°: 

02110 gave 0°3750 CO, and 0°1145 H,O. C=485; H=6:03. 

C,,H,,0,N Br,S requires C = 48°6 ; H =5:91 per cent. 

The rotatory power of the salt gradually increased on recrystallisation, 
showing that the dBdA salt was being obtained. It was found very 
difficult to obtain a constant rotatory power, and several attempts had 
to be made, in which large quantities of the salt were used and the 
salt in the mother liquors was carefully worked up. 

After about twenty-five recrystallisations, 0°1044 gram in 11°045 
grams of water gave ap + 1'16° (density = 1:001) ; hence [a], +61°3° 
and [M], + 364° 

After two more recrystallisations from acetone and light petroleum, 
01027 gram in 11:007 grams of water gave ap +1°15°; hence 
[a]p +61°6° and [M], +366°. 

After three more recrystallisations : 

01250 gram in 11°37 grams of water gave ap +1°36°; hence 
[a]> +61:8° and [M], + 366° 

01996 gram in 11°145 grams of water gave ap +2°25°; hence 
[a] +62 8° and [M], +372°. 

01198 gram in 11°42 grams of water gave ap +1°32°; hence 
[a]p +62°9° and [M], + 373°. 

Thus [M ]p for the salt is 370° and for the basic ion is 95°. 

The influence of temperature on the rotatory power of the salt was 
almost negligible, hence the following values may be taken for the 
molecular rotatory power of the ion: 103° at 0°, 95° at 15°, 86° at 
30°, and 76° at 50°. These values are almost identical with those 
obtained for the corresponding isoamy]) ion. 

d-Bromophenylmethylisobutylallylammonium iodide was readily pre- 
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cipitated from an aqueous solution of the bromocamphorsulphonate of 
constant rotatory power by the addition of concentrated potassium 
iodide solution. It melts at 133—134°, and separates from alcohol in 
small prisms. 

The following determinations of the rotatory power in alcohol were 
made at about 15° : 

01515 gram in 12°71 grams of alcohol gave ap +0°53° (density = 
0°810) ; hence [a], +27°4° and [M], +112°. 

After recrystallising from cold alcohol : 

0°160 gram in 9°587 grams of solution gave ap +0°77° (density = 
0°815) ; hence [a], + 28°3° and [M], +116° 

01501 gram in 9°687 grams of solution gave ap +0°73° (density = 
0°816) ; hence [a], + 28°9° and [M], +118°. 

The value of [MJ], for the iodide in ethyl-alcoholic solution may 
therefore be taken as about 117°. 

The active iodide is so sparingly soluble in chloroform that no 
trustworthy determinations of the rotatory power could be made. 
The following experiment, however, seems to show that the iodide has 
a greater rotatory power in chloroform than in alcohol, and that it 
undergoes autoracemisation : 

0:029 gram in 17‘916 grams of solution (practically saturated) gave 
ay +0°23° (density = 1°490) ; hence [a]p +47°7° and [M], +195° 

After four hours, ap was 0°16°, and after forty-eight hours the 
solution was inactive. 

p-Bromophenylmethylisoamylallylammonium iodide was prepared from 
the tertiary amine and allyl iodide. It was somewhat soluble in 
alcohol, and was therefore recrystallised from a mixture of alcohol and 
ether, from which it separated in sheaf-like aggregates of long, 
colourless prisms, melting at 127—128°: 

0°2962 gave 0°4581 CO, and 0°1435 H,O. C=42:2; H=5:38. 

C,;H,,NBrI requires C = 42:4 ; H=5-42 per cent. 

The corresponding bromide was also prepared by the union of the 
amine and allyl bromide and recrystallised from alcohol and ether, 
when it formed colourless prisms melting at 161—162°: 


0°2891 gave 0°5075 CO, and 0:1615 H,O. C=47:9; H=6-21. 
C,,H.,N Br, requires C=47°8 ; H=6:10 per cent. 
p-Bromophenylmethylisoamylallylammonium d-camphorsulphonate was 
prepared by boiling together equivalent quantities of the bromide or 
iodide and silver d-camphorsulphonate with moist.acetone, The salt 
did not crystallise well, and after recrystallising several times from a 


mixture of acetone and toluene it was still somewhat viscid and melted 
at 65°, 
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From the following determination of its rotatory power, it is clear 
that resolution does not take place rapidly, if at all : 

0:2000 gram in 12°83 grams of solution gave ap +0°26°; hence 
[M]p + 44°. 

The bromocamphorsulphonate was therefore made, and it was found 
that this could be resolved more easily. 

p- Bromophenylmethylisoamylallylammonium — d - hromocamphorsul- 
phonaie was prepared in the usual way, using moist acetone as solvent ; 
it erystallised readily, and could be recrystallised from acetone. After 
repeated recrystallisation from acetone, the salt formed stellate 
aggregates of needles and melted sharply at 170°: 

0:2550 gave 0°4641 CO, and 01378 H,O. C=49°6; H=6°00. 

C,;H,,0,NBr,S requires C= 49°4 ; H=6-10 per cent. 

It was found that the molecular rotatory power of the salt 
increased to about 360° after three or four recrystallisations from 
ethyl acetate or acetone, and further recrystallisation only served to 
raise the rotatory power to 370°... As this value is very close to that 
found for the isobutyl compound, the salt was repeatedly recrystallised 
both from hot and cold acetone and from cold ethyl acetate, and 
examined in order to make certain that resolution was complete and 
the rotatory power constant. 

After six recrystallisations from warm acetone : 

0:1330 gram in 11°600 grams of solution gave ap + 1°39° (density = 
1001); hence [a], +60°6° and[M], + 368°. 

After two further recrystallisations from cold acetone : 

0:121 gram in 11-934 grams of solution gave ap +1°32° (density = 
1001); hence [a], +60°1° and [M], +365°. 

After two further recrystallisations from warm acetone : 

01611 gram in 11-332 grams of solution gave ap +1°74° (density = 
1002) ; hence [a], +61°1° and [M]) +371°. 

The salt was now recrystallised from ethyl acetate, and successive 
fractions examined : 

0104 gram in 11-807 grams of solution gave ap +1°08° (density = 
1000) ; hence [a]p +61°1° and [M], +371°. 

0:1019 gram in 11-604 grams of solution gave ap + 1:07° (density = 
1:000) ; hence [a], +60°8° and [M], + 369°. 

It is clear that the salt was as pure as recrystallisation could make 
it; hence the molecular rotatory power may be taken as 369° at 16°, 
and [M], for the basic ion is therefore 94°. 

The following results were obtained in determining the influence of 
temperature on the rotatory power of the salt. 
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0°1829 gram in 15°845 grams of solution (density at 15°= 1-002); 
t. ' [a]p. [M]>- [M)]p for basic ion, 
10° : 99° 
22 : : 92 


35 ‘ i 84 
50 . , 75 


d-Bromophenylmethylisoamylallylammonium todide.x—When a con- 
centrated solution of potassium iodide was added to a solution of the 
bromocamphorsulphonate, the solution became turbid and oily drops 
separated ; on standing these became crystalline. The colourless 
erystals of the iodide when dried melted at 130—131°, and after 
erystallising from cold alcohol formed colourless prisms melting at 
131—131°5°. 

The rotatory power was determined in alcohol and in chloroform at 
about 15°. In alcohol : 

0124 gram in 8-702 grams of solution gave ap+0°60° (density= 
0°810) ; hence [a], + 26°3° and [M],+111°. 

0°112 gram in 9°220 grams of solution gave ap+0°49° (density= 
0°809) ; hence [a ])+25°2° and [M],+107° 

01221 gram in 9°468 grams of solution gave ap=0°55° (density= 
0°814) ; hence [a], + 262° and [M],+111°. 

0°1409 gram in 9°347 grams of solution gave [a] + 0°64° (density = 
0°81); hence [a ]) + 26°2° and [M],+111° 

Therefore the molecular rotatory power of the iodide may be taken 
as 111°. 

In chloroform : 

0:121 gram in 16-610 grams of solution gave [a |) + 0°87° (density = 
1°495) ; hence [a]p+39°9° and [M],+169° 

After two and a-half hours, ap+0°78°; after twenty-two hours, 
apy + 0°15°, and after forty-eight hours the solution was inactive. 

The following table, containing the melting points and rotatory 
powers of the compounds described in this paper, is given for con- 
venience of reference : 


p-Bromophenyl-methyl-allyl Series. 


M. p. of 
M. p. of M. p. of d-bromo- [M],of [Ml], of [M]> of 
active d-camphor- camphor- ion iodidein iodide in 
iodide. sulphonate. sulphonate. at15°. alcohol. chloroform. 
151° 153° _ -—31°(%) -20°(%)  —26° (3) 
.. 142—143 161—162 159—160° 141 144 222 
- 153 163 — 161 165 _ 
.. 183—134 _~ 138 96 117 195 
.. 135—136 65 (#) 170 94 111 169 


The great similarity in the melting points of several of the 


My, for ton. 
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compounds is as marked as in the corresponding set of phenyl 
compounds, 

It will be seen from the table that the value of {[M)], for the iodide 
in alcohol is in each case greater than that of the basic ion in water, 
and that the value of [M]p of the iodide is greater in chloroform 
glution than in alcohol. The latter statement is also true for all the 
ative iodides examined in the former communication on this subject 
(loc. ctt., p- 304), and the first-mentioned relation is also true with one 
exception for the compounds then examined. 

The following diagram shows that the influence of temperature on 
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In the case of the isobutyl and zsoamyl compounds, the points marked © refer to 
the isobutyl compound. 


the rotatory powers of the ions is uniform throughout the range 
examined and of the same kind in all five cases. 

The relation between the values of the molecular rotatory powers of 
the ions and the values of the product of asymmetry for the asym- 
metric nitrogen atom or ion may now be discussed. 

The formula for the product of asymmetry, p”, in terms of the masses 
of the four allyl groups developed in the former communication (Joc, 
cit., p. 308) : 

{(a+d)- (6+0)}(a+8) - (0+4)}(a-e)(-a) 
ws (a+6+ce+d)* 


a” 
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applied to the three possible configurations for this series of 
compounds : 


C,H,Br C,H,Br 
156 ening l 


CH, C,H, 
15 41 


where d represents the group which is varied, gives the values for p’ 
given in the following table, which also contains the values of [M], 
for the basic ions at 15°. 


p-Bromophenyl-methyl-allyl Series. 
[M] for II. ll. 
basic ion. p” x 108, p’ x 108, p’ x10 
15'1 99 
isoPropyl 84 1% 
deoButyl ............ § ‘ 4:5 84 
tsoAmyl ‘ 2°26 125 

It is clear that there is no simple relation between the values of p’ 
and [M]p even if, for the present, the somewhat doubtful values for 
the ethyl compound were neglected, and in this case no connexion 
can be seen even if the different compounds be assumed to possess 
different configurations. 

The data given for the isobutyl and isoamyl compounds leave some 
slight doubt as to which ion has the greater rotatory power. Taking 
into consideration the fact that the iodide of the isobutyl compound 
has the greater rotatory power, it seems very probable that the basic 
ion also has a greater rotatory power than the corresponding ion 
containing the isoamyl group, especially as the evidence of complete 
resolution is more conclusive in the latter case. 

The similarity of the rotatory powers of the isobutyl and isoamyl 
compounds is remarkable, and would seem to suggest that they have 
configuration I, but then the value of p” is greater than that for the 
propyl compounds. It is interesting to note also that, although in 
the phenyl-methyl-allyl series the rotatory powers of the n-propyl and 
isopropyl compounds were found to be almost identical, in this series 
the n- and iso-propyl compounds differ in the same way as they do in 
the phenyl-methyl-benzyl series, where the values of [ M ]p for the ions 
were found to be 299° and 398° respectively. 

A similar case in which the isopropyl compound has a greater 
rotatory power than the n-propyl compound has recently been found 
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by Piutti and Magli in the alkyl hydrogen aspartates (Gazzetta, 1906, 
36, ii, 738). 

The series of compounds derived from the same substituted p-bromo- 
yilines, but containing the benzyl instead of the allyl group, is also 
under examination, and the results of the examination of these and : 
other active nitrogen compounds will be communicated to the Society 


later. 
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XXIX.—The Preparation of |-Benzoin. 

fp’ By Avex. McKenzie and Henry Wren. 

for @ Aurnovcn benzoin, C,H,*CH(OH)-CO-C,H,, contains an asymmetric 

xion carbon atom, it has not hitherto been obtained in an optically active 

Sess form. Indeed, with the exception of dl-fructose, no externally com- 
pensated keto-alcohol has, so far as we know, been resolved into its 

ome optically active components by any of the ordinary methods. 

‘ing In the present paper, the conversion of /-mandelic acid into /-benzoin 

und is described. 

sic Béis (Compt. rend., 1903, 13'7, 575) showed that ketones may be 

ion obtained from acid amides by aid of the Grignard reaction. When one 

ete molecular proportion of an acid amide is heated for several hours at 
the temperature of a boiling-water bath with more than two molecular 

ayl proportions of a Grignard reagent, and the resulting compound then 

ve decomposed by ice and mineral acid in the usual manner, ketones are 

he produced in yields varying from 20 to 50 per cent. The acid amides 

in investigated by Béis from this standpoint were acetamide, propion- 

nd amide, butyramide, zsovaleramide, and benzamide, and the following 


ketones were isolated, methyl ethyl ketone, diethyl ketone, methyl | 
propyl ketone, ethyl isobutyl ketone, acetophenone, and phenyl ethyl | 
ketone. 

After we had applied this action of Béis to r-mandelamide and 
obtained ordinary benzoin by means of magnesium phenyl iodide or 
bromide, the behaviour of /-mandelamide was studied. /-Benzoin was 
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isolated in this manner; it melts at 131—132°5°, reduces Fehling’s 
solution, and has [a]}’* — 118-6° for e=0'9232 in acetone solution, Its 
formation may be represented by the following equations : 
(1) C,H,-CH(OH)-C(OH):NH + 3C,H,*MgBr= 
C,H,-CH(O-MgBr)-C(O:MgBr)(C,H,)-NH-MgBr + 20,H,. 
(2) C,H,-CH(O-MgBr)-C(O-MgBr)(C,H,)-NH-MgBr+3H,0= 
C,H,*CH(OH)-C(OH)(C,H,)-N H, + 3MgBr(0H), 
(3) C,H,-CH(OH)-C(OH)(C,H,)-NH, =NH, + 
C,H,*CH(OH)-CO-0,H,. 
That addition to the group *C(OH):NH takes place in the manner 
represented by the first of these equations, receives support from the 
observation of Busch (Ber., 1904, 3'7, 2691; Busch and Rinck, Ber,, 
1905, 38, 1761), who finds that addition of the Grignard reagent to the 
group ‘CH:N: takes place in such a manner that the alkyl or aryl group 
attaches itself to the carbon atom and the MgX group to the nitrogen 
atom ; the formation of a-anilinoethylbenzene, for example, from benzyl- 
ideneaniline is represented by Busch as follows: 
C,H,*N:CH-C,H, + CH,-MgI =C,H,*N°CH(CH,)-C,H,. 
an 
Mg I 
C,H,*N-CH(CH,)-C,H, + H,O = C,H,"NH-CH(CH,)-C,H, + MgI(OH). 
On 
Mg I 
It is probable that mandelamide acts on the Grignard reagent in its 
aci-form as indicated in equation (1), since tautomeric compounds of the 
keto-enolic type are known to act on the Grignard reagent in accordance 
with the enolic structure. This is of little importance, however, in this 
case, since the same additive compound might be expected to result if 
mandelamide is represented by the formula C,H,*CH(OH)-CO-NH,. 


EXPERIMENTAL, 
Action of Magnesium Phenyl Iodide on r-Mandelamide. 


Methyl r-mandelate, prepared by the Fischer-Speier esterification 
method, boiled at 135—136°/13 mm., whereas Acree (Ber, 1904, 37, 
2767) gives the boiling point as 144°/20 mm. 

r-Mandelamide is described by Zinin (Zeitsch. Chem., 1868, 710) and 
by Beyer (/. pr. Chem., 1885, [ii], 31, 385) as melting at 132°. By the 
action of fuming hydrochloric acid, however, on mandelonitrile, 
Tiemann and Friedlinder (Ber., 1881, 14, 1967) obtained a product 
melting at 190°, which they supposed to be the amide. The latter melt- 
ing point is also ascribed by Biedermann (Ber., 1891, 24, 4083) to the 
amide obtained by heating for six hours under pressure at 100° with an 
excess of ammonia the crude product resulting from the action of an 
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excess of acetic anhydride on mandelic acid. Michael and Jeanprétre 
(Ber., 1892, 25, 1678) repeated Tiemann and Friedlinder’s experiments 
and showed that, in addition to the compound melting at 194°, the 
amide melting at 132° is also produced. A similar result was 
arrived at by Pulvermacher (Ber., 1892, 25, 2212), who found only 
traces of the amide melting at :132° in the action in question ; when | 
he repeated Biedermann’s work, he obtained a product melting at 132° 
and not at 190°. 

r-Mandelamide is easily prepared by the following nethod. A 
solution of methyl r-mandelate (48 grams) in ethyl alcohol (80 c.c.) 
is saturated with dry ammonia, first at the ordinary temperature and 
finally at the temperature of a freezing mixture of ice and salt. After 
three days, the crystals, which separate as lustrous leaflets, are drained 
off, powdered, and washed with ether. The yield is 35 grams. 
r-Mandelamide (m. p. 133—134°) is sparingly soluble in ether, and 
may be crystallised without much loss from benzene, from which it 
separates in lustrous leaflets. 

r-Mandelamide (5 grams, 1 mol.) was gradually added, within an 
interval of twenty minutes, in quantities of about a gram each time 
to the Grignard reagent, prepared from 4°7 grams of magnesium 
(6 mols.), 40 grams of iodobenzene (6 mols.), and 75 c.c. of ether. If 
the action is formulated according to the scheme of Béis, the magnesium 
phenyl iodide was present in this case in twice the calculated amount. 
The addition of each portion of the amide caused ai ssing noise, and 
the ether boiled gently, but the action was never allowed to become 
violent. After the reaction had subsided, the mixture was gently 
boiled for about eight hours, ice and dilute sulphuric acid added, and 
then benzene in sufficient amount to dissolve the solid product present. 
The ether-benzene layer was separated, the ether and benzene 
evaporated, and then steam passed through the residual reddish-brown 
oil in order to remove iodobenzene and dipheny!. The contents of the 
distilling flask were allowed to cool, and the semi-solid oil crystallised 
from methyl alcohol, when a yellow solid (1°3 grams) separated. 
This melted at 130—132°, and was found to consist of nearly pure 
benzoin. After several crystallisations from methyl alcohol, 
colourless needles, melting at 132°5—133°5°, were obtained.* The 
benzoin, obtained in this manner, gave the following result on 
analysis : 


0'2559 gave 0°7434 CO, and 0:1321 H,O. C=79:2; H=5°8, 
C,,H,,0, requires C = 79:2 ; H=5’7 per cent. 


% The data quoted in the literature respecting the melting point of benzoin are 
discordant. We found that a specimen of Kahlbaum’s benzoin melted at 132°5—133° 
after six crystallisations from methyl alcohol. 
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Its ethyl-alcoholic solution reduced Fehling’s solution slowly in the 
cold and rapidly when warmed. The compound was still further 
characterised by conversion into benzil by means of nitric acid in the 
usual manner, The resulting benzil melted at 94°5—95°5° and was 
analysed : 


0°1601 gave 0:4697 CO, and 0:0693 H,O. C=800; H=4°'8, 
C,,H,,0, requires C= 80°0 ; H=4'8 per cent. 


In the hope of obtaining a better yield of benzoin, numerous 
experiments were also made with magnesium phenyl bromide in 
place of the iodide. The experimental conditions were varied in 
each case, but the yield of benzoin was generally much the same 
as that quoted in the preceding experiment. Although it was 
noted that r-mandelamide is sparingly soluble in ether, and tends to 
become coated with a solid when it is added to the Grignard reagent, 
the small yield of benzoin is not due to this cause, The yield was 
much the same when the Grignard reagent (4 mols.) was gradually 
siphoned into a warm ethereal suspension of the amide (10 grams, 
1 mol.) within an interval of thirty minutes; in this case, a white 
product separated, which became grey when the mixture was boiled. 
After decomposition in the usual manner by ice and mineral acid, the 
product obtained from the ethereal solution was found to contain, in 
addition to benzoin and diphenyl, unchanged amide, since ammonia 
was evolved when it was heated with aqueous sodium hydroxide, 
In this and in other cases the reaction appears to be incomplete. 


Action of Magnesium Phenyl Bromide on \-Mandelamide. Preparation 
of 1-Benzoin. 


Methyl /-mandeiate, prepared from /-mandelic acid, methyl alcohol, 
and sulphuric acid according to the Fischer-Speier method, boiled at 
135°/12 mm. and melted at 54—55°, whereas Walden (Zeitsch. 
physikal. Chem., 1895, 17, 703) gives 160°/32 mm. and 55° respectively. 
The yield is generally about 80 per cent. of the theoretical. 

The following method for the preparation of /-mandelamide gave the 
best results. A current of dry ammonia is passed within an interval 
of one and a quarter hours into a solution of methyl /-mandelate 
(23 grams) in ethyl alcohol (30 c.c.), first at the ordinary tempera 
ture and subsequently at the temperature of a freezing mixture of ice 
and salt. After three days, the crystals, which separate either s 
leaflets or large, hexagonal, glassy prisms, are drained off, triturated 
with ather, and again filtered. The yield is 11 grams. A few 
additional grams may he obtained from the mother liquors. 

l-Mandelamide, C,H,*CH(OH)-CO-NH,, separates in lustrous leaflets 
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fom benzene, in which it is sparingly soluble at the ordinary 
temperature. Its melting point, 122°—122°5°, agrees with that given 
by Walden (loc. ott.) : 
01360 gave 0°3181 CO, and 0:0736 H,O. C=63:8; H=6rl. 
C,H,0,N requires C=63°5 ; H=6:0 per cent. 
The rotation of successive crops from benzene solution was deter- 
mived in acetone solution, this solvent having previously been selected 


by Walden. 
1=2, c=1°676, aj}* — 2°43°, [a ]i* — 72°59. 


1=4, c=1°6416, ajf*— 4°89, [a |i*— 73°19. 
1=4, c=0°6112, af -1°77°, [a]? -—72°4°. 
These values are somewhat higher than those quoted by Walden, 
who gives [a] - 66°7° for c=1-5 (temperature not stated). 
l-Mandelamide (8 grams, 1 mol.) was gradually added in small 
portions within an interval of thirty minutes to the Grignard reagent, 
prepared from 7°5 grams of magnesium (6 mols.), 50 grams of bromo- 
benzene (6 mols.), and 150 cc. of ether. The mixture was then boiled 
for eight hours. After the addition of ice and dilute sulphuric acid, 
sufficient ether was added to dissolve the small amount of solid 
remaining in suspension after the decomposition of the magnesium 
additive compound. The ethereal layer was separated, the ether 
expelled, and steam passed through the residue for some time. From 
the red, semi-solid mass remaining in the distilling flask, 1°3 grams 
of pink crystals were obtained after crystallisation from methyl 
alcohol and decolorisation by animal charcoal. After recrystallisation 
from methyl alcohol, almost colourless needles were obtained. 
l-Benzoin, C,H,*CH(OH):CO-C,H,, melts at 131—132°5° It is 
readily soluble in cold acetone or in hot methyl or ethyl alcohol, and 
moderately so in cold methyl or ethyl alcohol : 
0:1123 gave 0°3264 CO, and 0:0599 H,O. C=79'3; H=6:0. 
C,,H,,0, requires 79°2 ; H=5-7 per cent. 
Its ethyl-alecoholic solution reduces Fehling’s solution slowly in the 
cold, and rapidly when heated. 
For the determination of its specific rotation in acetone solution, a 
specimen was dried over sulphuric acid until constant in weight : 
1=4, c= 0°9232, a> — 4°38°, [a] — 118°6° 
After recrystallisation of this product from methyl alcohol, the 
value for the specific rotation of the recrystallised crop in acetone 
solution agreed with the preceding value within the limit of experi- 
mental error : 
l=4, c= 1°2508, aj? - 5°88°, [a |i? — 117°5°. 
l-Benzoin {1°5 grams) was heated for about two hours with an excess 


Y?2 
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of concentrated nitric acid. The mixture was poured into cold water 
when the yellow oil readily solidified. After recrystallisation fom 
ethyl alcohol, yellow needles (0-9 gram) separated, which were identified 
as benzil by their melting point, 93-5—94:5°, and by analysis: 
01074 gave 0°3140 CO, and 0°0467 H,O. C=79°'7; H=4:9, 
C,,H,,0, requires C=80°0 ; H=4'8 per cent. 
Its solution in acetone was optically inactive. 


The work is being extended more particularly for the preparation 
of other optically active keto-alcohols, 


BIRKBECK COLLEGE, 
Lonpon, E.C. 


XXX.—The Bromination of p-Hydroxydiphenylamine. 
By Atice Emity Smita and Kennepy JoseraH Previté Orton. 


In his detailed account of p-hydroxydiphenylamine, Calm (Ber., 1883, 
16, 2787 ; ibid., 1884, 1'7, 2431) makes no mention of any attempts 
to prepare chloro- or bromo-derivatives. The only halogen derivatives 
which have been described up to the present were obtained by us 
indirectly from  s-trichloro- and _ s-tribromo-1-nitroaminobenzene, 
C,H,Cl,-NH-NO, and C,H,Br,*NH-NO, (Trans., 1905, 87, 389 ; ibid, 
1907, 91, 146). A hexachlorohydroxydiphenylamine, -trichloro- 
phenyltrichloro-p-hydroxyphenylamine, O,H,Cl,-NH:C,HCI,°OH, 4 
hexabromo-derivative, s-tribromophenyltribromo-p-hydroxyphenyl- 
amine, and a _pentabromo-derivative, s-tribromophenyldibromo-p- 
hydroxyphenylamine, C,H,Br,-NH-C,H,Br,°OH, were prepared, and 
their constitutions partly determined by cleavage of the oxidation 
products, the quinoneanils, for example, C,H,Cl,-N:C,HCI,:O, into 
aniline and quinone. The orientation of the halogen in the phenolic 
nucleus remained, however, uncertain, although a suggestion, based on 
a hypothesis as to the method of production from the nitroamines, 
was put forward, namely, that in the hexahalogen compounds the 
three halogen atoms occupied the positions 2, 3, and 6 with respect to 
the imino-group. Hexachlorohydroxydiphenylamine would then have 
the formula : 


cd oa 
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As the absence of any record in the literature indicated, the 
bromination of p-hydroxydiphenylamine has proved no easy matter. 
This substance is very liable to oxidation by the bromine to 
quinoneanil (phenyliminoquinone), C;H;*N-C;H,-O, which is not 
directly brominated, Partly on this account, it is exceedingly difficult 
to avoid the formation of a mixture of bromo-derivatives, separation 
of which either proved impracticable, or only possible with great loss 
of material. 

In one particular, the preparation of the bromo-derivatives was 
simplified, in that isomerides do not seem to be formed under any 
circumstances. Notwithstanding the presence of the two benzene nuclei, 

4 \NHS 

fa P ee 
and the two directing. groups, the imino-group, which may influence 
the bromination in both nuclei, and the hydroxyl group, which will 
determine the position of the bromine in the phenolic nucleus, the 
introduction of bromine appears to follow a single invariable course. 
Thus, for example, in the preparation of the tribromo-derivative from 
p-hydroxydiphenylamine, it would seem highly probable that a mixture 
of two or three tribromo-compounds would be produced. Such was 
not found to be the case ; there was no indication of the presence of 
even traces of a second compound. Similarly, in the preparation of 
the tetrabromo- from the tribromo-derivative, the formation of two 
isomerides at least would be anticipated, whereas only a single 
substance resulted. 

All our attempts to prepare a monobromo- and a dibromo-derivative 
have so far failed. Variation in solvent or the use of bromine vapour 
all lead to a tribromohydroxydiphenylamine, two-thirds of the 
hydroxydiphenylamine remaining unchanged. This tribromo-deriv- 
ative has two bromine atoms in the phenyl nucleus, occupying the 
2:4-positions with respect to the imino-group, and one bromine atom 
in the phenyl nucleus, but there is no means of ascertaining which of 
the two possible formule : 

Br 


CH,BryNHC You and C,H, Br."NHC DoH 


represents the orientation in this nucleus. 
Bromination of the tribromo-derivative yields a single tetrabromo- 
hydroxydiphenylamine of the constitution : 
Br Br 
Br SNH OH, 
borer Se7% 
r 


the fourth bromine atom entering the phenolic nucleus. 
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The fifth bromine atom also enters the phenolic nucleus, but it jg 
impossible to decide at present which of the two different positions 
is taken up. The compound must be represented by either 

Br Br Br 
CH,Bry NHC SoH or C,HBryNHC ou. 
Br Br Br 

Either of these compounds would be isomeric with the pentabromo. 
hydroxydiphenylamine obtained from  s-tribromonitroaminobenzene 
(loc. cit.), since the latter had three bromine atoms in the phenyl 
nucleus. 

All attempts to convert the pentabromo- into a hexabromo-deriv. 
ative failed, Either bromination did not occur, or a heptabromo: 
derivative was formed. If the two entering bromine atoms take up 
positions in accordance with the “ ortho-para” rule, only one hepta- 
bromo-derivative is possible, namely, that possessing the constitution 
represented by 


Cleavage of the corresponding quinoneanil showed that such was the 
fact. 
Large excess of bromine in the absence of solvent, finally produces 
the octabromo-derivative, 
Br Br Br Br 
a 
Bi < pum __ jon 
Br Br Br 
Each bromohydroxydiphenylamine can be quantitatively oxidise! to 
a quinoneanil (phenyliminoquinone), from which it is as easily re 
generated on reduction. The colour of the quinoneanils becomes more 
intense as the proportion of bromine increases, the unsubstituted 
being scarlet and the hepta- and octabromo-derivatives so dark a 
purple or magenta as to appear black. The quinoneanils are hydrolysed 
by sulphuric acid to aniline and quinone, thus: 


- Q,H,Br,"N:C,HBr,:0 + H,0 = 0,H,Br,*NH, + 0:C,HBr,:0, 


a reaction which gives a simple means of determining the position and 
generally the orientation of the bromine atoms, 


EXPERIMENTAL. 


p-Hydroxydiphenylamine.—The hydroxydiphenylamine was prepared 
and purified by Calm’s method (/oc. cit.), namely, condensation of 
aniline with quinol in the presence of calcium chloride at a high 


ib it is 
Sitions 
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temperature. In addition to the dibenzoy] derivative described by 


him, we have prepared a monobenzoyl derivative, 
C,H,;"NH°C,H,°0°CO-C,H,, 
which is alone formed when the benzoylation is carried out in 


pyridine. 
Twenty-five cc. of benzoyl chloride are added to a solution of 


3grams of the material in 12 c.c, of pyridine, the mixture being kept for 
twenty-four hours. The solid, which is obtained on dilution with dilute 
sulphuric acid, is collected and washed with water and aqueous sodium 
carbonate, and recrystallised first from alcohol and then from petroleum 
(b. p. 120°). It erystallises in yellowish-white, lustrous plates, melting 
at 114—115°. Since it is insoluble in aqueous or alcoholic sodium 
hydroxide, the benzoyl group has replaced the hydrogen of the 
hydroxyl group : 

0:2501 gave 9°8 c.c. of moist nitrogen at 9°4° and 773 mm. N=4°79. 

C,,H,,0,N requires N = 4'84 per cent. 

An attempt to prepare a monoacetyl derivative was unsuccessful, 

Calm’s diacetyl derivative being the sole product. 


Tribromohydroxydiphenylamine, 2: 4-Dibromophenylbromo-4-hydroxy- 
phenylamine, C,H, Br.*NH°C,H,Br-OH. 


The bromination of p-hydroxydiphenylamine is carried out in 
glacial acetic acid solution in the presence of sodium acetate. After 
some experience, good yields of pure material can be obtained, but 
success depends greatly on the rate of addition of the bromine and 
the temperature. Unless the latter is kept low and the addition 
of the bromine made slowly and with efficient stirring, considerable 
quantities of more highly brominated compounds are formed. 

74 Grams of the diphenylamine and 9°6 grams of anhydrous 
sodium acetate are dissolved in 200 c.c. of glacial acetic acid. To 
this mixture a solution of 19-2 grams of bromine in 100 c.c. of glacial 
acetic acid is slowly added, the mixture being both cooled and stirred 
during the operation. As the bromine is added, the originally 
colourless liquid becomes of a deep olive-green. 

It is very important that both the materials and the solvent should 
be as nearly as possible anhydrous. In the presence of even small 
quantities of water, the bromine acts as an oxidising agent, converting 
the hydroxydiphenylamine into a quinoneanil (see introduction). 

Before isolating the tribromo-derivative from the acetic acid, it is 
advisable to reduce any quinoneanil which may have been formed 
by warming with a small quantity of zinc dust. The colourless 
filtrate is then mixed with 80 cc. of water, whereupon tribromo- 
hydroxydiphenylamine (11°6 grams) crystallises out in white needles 
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which are approximately pure. Addition of a further 80 c.c. of water 
to the warm filtrate causes the separation of a smaller quantity 
(2°4 grams) of a somewhat less pure material. 

The material thus isolated contains a small quantity of a tetra. 
bromohydroxydiphenylamine. ‘The two compounds can, however, be 
separated by dissolving the mixture in petroleum (b. p. 120°), in which 
the tribromo-derivative is very sparingly soluble, whilst the tetra. 
bromo-derivative dissolves readily. The former crystallises in long, 
colourless needles, melting at 153°, and is readily soluble in alcohol, 
acetic acid, benzene, or acetone, but somewhat less so in chloroform, 
from which solvent it can be recrystallised. It dissolves in aqueous 
sodium hydroxide. With hydrochloric acid in anhydrous solvents, 
it does not give a precipitate of the hydrochloride as does the 
unsubstituted hydroxydiphenylamine, but the solution in sulphuric 
acid has the characteristic green coloration of solutions of the salts; 
on adding water, the hydroxydiphenylamine is precipitated unchanged ; 

0:1635 gave 0'2170 AgBr. Br=56°49. 

C,.H,ONBr, requires Br= 56°85 per cent. 

Tribromobenzoxydiphenylamine, C,H,Br.*NH-C,H,Br-0-CO-0,H,, 
was prepared by means of benzoyl chloride and pyridine. One gram 
of the hydroxydiphenylamine was dissolved in 5 c.c. of pyridine and 
treated with 0°5 ¢.c. of benzoyl chloride. The mixture was kept for 
three days, when crystalline aggregates had separated. After 
removal of pyridine by treatment with dilute sulphuric acid, the 
crystals were collected and washed with aqueous sodium carbonate. 
The compound, which is soluble in all the usual organic solvents, was 
finally purified by recrystallisation from petroleum (b. p. 120°), 
separating in white, prismatic crystals, melting at 147°: 

0°1514 gave 0°1633 AgBr. Br=45°9. 

C,,H,,.0,NBr, requires Br = 45-6 per cent. 


Tribromoquinoneanil. 2: 4-Dibromophenyliminobromoquinone, 


The tribromohydroxydiphenylamine can be oxidised in benzene solv- 
tion by mercuric oxide, or in acetic acid solution by nitrous acid or 
chromic acid, to the corresponding quinoneanil. The conversion is 
preferably carried out by the reagent last mentioned. 

One gram of the hydroxydiphenylamine, dissolved in 50 c.c. glacial 
acetic acid, is added to a solution of 0°24 gram of chromium 
trioxide (50 per cent. excess) in 50 c.c. acetic acid. The reaction is 
very rapid. Sixty c.c. of water are then gradually added, whereupon 
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a separation of bright crimson crystals takes place. The material, 
which is readily soluble in the usual organic solvents, is recrystallised 
from petroleum (b. p. 90°). It separates in aggregates of long, red 
needles, which melt at 112°: 


01895 gave 0°2555 AgBr. Br=57:37. 
0:2990 ,, 9°0c.c. of moist nitrogen at 16°1°and 7524 mm. N = 3°47. 
C,,H,ON Br, requires Br =57'24 ; N = 3°34 per cent.* 

The quinoneanil can be very readily converted into the hydroxy- 
diphenylamine in acetone solution by zinc dust and acetic acid. 

In the oxidation of the hydroxydiphenylamine, the use of insufficient 
oxidising agent is followed by the formation of a deep purple, 
crystalline solid, melting at 142°. It is less soluble than the 
quinoneanil, into which it is converted by further treatment with the 
oxidising agent. Moreover, on reducing this substance in acetone 
solution with zine dust and acetic acid, the original hydroxydipheny]- 
amine is formed. This compound is probably a complex condensation 
product of molecular proportions of quinoneanil and hydroxydiphenyl- 
amine analogous to the quinhydrones. 

Constitution of the Tribromoquinoneanil.—Quinoneanils are readily 
hydrolysed by sulphuriz acid, which may be when necessary diluted 
with acetic acid. Generally, the aniline and quinone thus formed can 
be isolated with ease, but in this case considerable difficulty was 
experienced. A solution of 0°5 gram of the quinoneanil in 25 c.c. of 
acetic acid was mixed with 18 grams of sulphuric acid dissolved in 
10 cc, of acetic acid. On warming the deep red liquid for a few 
minutes, the colour changed to a pale brown. Very little solid 
separated on addition of water, and it could not be recognised as 
monobromoquinone. The mother liquor was made alkaline by means of 
sodium hydroxide, and then distilled ina current of steam. The 
colourless, crystalline material which distilled melted at 79°5°, and a 
mixture with 2: 4-dibromoaniline, which has the same melting point, 
melted at 79—80°. The substance was heated with acetic anhydride, 
and yielded a derivative which melted at 143° and did not lower the 
melting point of 2 : 4-dibromoacetanilide. 

Attempts to Prepare Mono- and Di-bromo-p-hydroxydiphenylamine. 
—A number of attempts were made to prepare monobromohydroxy- 
diphenylamine, using molecular proportions of bromine and p-hydroxy- 
diphenylamine in acetic acid or chloroform, the bromine being 
cautiously and gradually added to the solution of the diphenylamine. 
With both solvents, a green solution was obtained. The acetic acid 
solution was treated with a little zinc dust in order to reduce 
quinoneanil, and then precipitated with sodium acetate solution, the 


* We are indebted to Mr. Emrys Morgan for the analyses of this substance, 
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object of the latter being to decompose any soluble hydrobromide. The 
solid which separated was of very indefinite melting point, but op 
recrystallisation from dilute alcohol gave crystals of the tribromo. 
derivative. No other material besides unchanged p-hydroxydiphenyl- 
amine could be discovered in the mother liquors. Evaporation of the 
solvent from the chloroform solutions left a green, oily hydrobromide, 
which on treatment with aqueous sodium hydrogen carbonate yielded a 
solid. Crystallisation from petroleum did not bring about any 
separation of this solid, but crystallisation from dilute acetic acid led 
immediately to the isolation of the tribromo-p-hydroxydiphenyl. 


amine, 
After these failures, an attempt was made to brominate the 


hydroxydiphenylamine in the solid state with the vapour of bromine, 
The substance in a finely-powdered condition was spread out ona 
clock glass and treated with the vapour of one molecular proportion of 
bromine. The latter had entirely disappeared in three days, the 
substance becoming green in colour. The green solid was treated with 
sodium carbonate, and then extracted with petroleum (b. p, 85—105°), 
The melting point, originally low and indefinite, gradually rose, and, 
after recrystallisation of the material of the highest melting point 
from dilute acetic acid, tribromohydroxydiphenylamine was isolated, | 
From the first petroleum mother liquors, the unsubstituted hydroxy- 
diphenylamine was obtained in a pure state. 

Treatment of p-hydroxydiphenylamine in acid solution with alkaline 
sodium hypobromite, prepared from one molecular proportion of 
bromine, leads mainly to oxidation and cleavage; quinone can be 
isolated in quantity. 


Tetrabromohydroxydiphenylamine. 2: 4-Dibromophenyl-2' : 5'-dibromo- 
4'-hydroxyphenylamine, C,H,Br,*NH‘C,H,Br,:OH. 


The tetrabromohydroxydiphenylamine was in the first instance 
isolated from the petroleum mother liquors obtained in the purification 
of the tribromohydroxydiphenylamine. Although the proportion of 
the tetrabromo-derivative is very small, the great difference in the 
solubility of the two substances in this solvent permits of a sharp 
separation. The residue left on evaporating the petroleum mother 
liquor was dissolved in glacial acetic acid, to which when cold a few 
drops of water were added, whereupon colourless needles separated. 
After repetition of this procedure the melting point was constant at 
144°; 

01929 gave 0:2896 AgBr. Br=63°87. 

C,,H,ONBr, requires Br = 63°85 per cent. 
A number of attempts were made to prepare the tetrabromohydroxy- 
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diphenylamine ; on the one hand, by brominating the tribromo-deriv- 
ative in acetic acid solution either with or without sodium acetate, 
and, on the other, by direct bromination of the p-hydroxydiphenyl- 
amine, but in no case was more than a very small amount of the 
substance isolated. The tribromo-derivative was mainly oxidised to 
quinoneanil, and the p-hydroxydiphenylamine was converted into the 
tribromo-derivative and then oxidised. 

On attempting the bromination in chloroform, however, better 
results were obtained. The p-hydroxydiphenylamine, when small 
quantities are used, yields an impure specimen of the tetrabromo- 
derivative, but, if the bromination is attempted on a large scale, a 
complex mixture of bromo-derivatives results. 

The tetrabromohydroxydiphenylamine, however, can be readily 
prepared from the tribromo-derivative in chloroform solution. 

Preparation of Tetrabromohydroxydiphenylamine.—To a suspension of 
5 grams of the tribromohydroxydiphenylamine in 100 c.c. of chloro- 
form one molecular proportion (2°01 grams) of bromine is gradually 
added whilst the mixture is boiled. Hydrogen bromide is slowly 
evolved, and the whole solid finally dissolves. The solvent is then 
evaporated, and the residue is crystallised by dissolving in glacial 
acetic acid and then adding a trace of water. 

Tetrabromohydroxydiphenylamine crystallises in aggregates of white 
needles, melting at 143—144°. It is far more readily soluble in 
chloroform or petroleum than the tribromo-derivative, but is not so 
readily soluble in acetic acid containing a small quantity of water. 

Tetrabromobenzoxydiphenylamine, 

C,H,Br.*NH-C,H,Br,*O0°CO-C,H;. 
—The benzoylation was readily carried out in pyridine solution, when 
the benzoyl derivative separated almost immediately on adding the 
benzoyl chloride. The benzoyl derivative is best purified by recrystal- 
lisation from petroleum (b. p. 120°), from which it separates in snow- 
white aggregates of needles, melting at 178°. It is insoluble in sodium 
hydroxide, and sparingly soluble in the ordinary organic solvents : 

0:1477 gave 0:1827 AgBr. Br=52°64. 

C,)H,,0,N Br, requires Br = 52°87 per cent. 


Tetrabromoquinoneanil. 2:4 - Dibromophenylimino - 2’ : 5’ - dibromo- 
Br Br 
quinone, B Bré pene v he O. 


Br 


The tetrabromohydroxydiphenylamine was oxidised in glacial acetic 
acid solution with considerable excess of chromium trioxide at the 
ordinary temperature. On adding water, branching, twig-like groups 
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of needles separated, melting at 159°. Subsequent recrystallisation 
did not change the melting point. This compound is very soluble 
in chloroform or benzene; it is moderately soluble in cold acetic 
acid, and very sparingly so in cold alcohol or petroleum. These 
properties permit of its being readily recrystallised either from 
petroleum or alcohol. It forms dark red needles with a bronzy lustre; 

0°1875 gave 0°2816 AgBr. Br=63°91. 

C,,H,ONBr, requires Br=64°11 per cent. 

Hydrolysis of the Quinoneani/.—One gram of the tetrabromoquinone- 
anil was dissolved in 25 c.c. of concentrated sulphuric acid, forming a 
deep crimson solution. On adding rapidly 20 c.c. of water, the mix- 
ture being allowed to become heated, the red colour was replaced by a 
pale yellow colour. Five c.c. more water were now added, whereupona 
yellow solid separated. This precipitate was collected and recrystal- 
lised from alcohol. It formed yellow, iridescent plates, melting at 
186°5°, the melting point of 2: 5-dibromoquinone. Analysis showed 
it to be this compound : 

0°1602 gave 0:2261 AgBr. Br=60°l. 

C,;H,O0,Br, requires Br = 60°13 per cent. 

The sulphuric acid mother liquor, from which the quinone was 
separated, was distilled in a current of steam, when a solid, crystal- 
lising in white needles, passed over. Its melting point and the melt- 


ing point of the acetanilide, obtained from it by treatment with acetic 
anhydride, showed it to be 2 : 4-dibromoaniline. 


Pentabromohydroxydiphenylamine. 2:4-Dibromophenyltribromo-4'- 
hydroxyphenylamine, C,H,Br.*NH-C,HBr,°OH. 


Indications of the existence of pentabromohydroxydiphenylamine 
were obtained in an attempt to prepare the tetrabromo-derivative 
directly from hydroxydiphenylamine dissolved in chloroform, the 
calculated quantity of bromine being used; but recrystallisation 
of the product from chloroform or acetic acid failed to free the 
pentabromo-derivative from a more highly-brominated material. 
The pentabromo-derivative was subsequently prepared by treatment 
of the tetrabromohydroxydiphenylamine in chloroform solution 
with one molecular proportion of bromine. Both boiling the 
mixture and heating under pressure at 100° failed to make 
the bromination anything but a very slow process. Moreover, 
the product of the reaction was not the pure pentabromo- 
derivative, and the latter could only be isolated, and then with 
considerable loss, by repeated recrystallisation from chloroform. 
It was found, however, that the yield was greatly improved when 
the chloroform solution was exposed to sunlight. The following 
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procedure gave @ satisfactory result. One gram of the tetrabromo- 
derivative was dissolved in 60 c.c. of chloroform, and one molecular 
proportion of bromine (0°3 gram) added. The mixture, which was 
contained in a stoppered bottle, was then exposed to sunlight until 
the colour of the bromine had disappeared, a few hours to several days 
being necessary for this change, according to the intensity of the light. 
During the reaction, colourless needles gradually separated. They 
were collected and washed with chloroform, and when dried weighed 
0°75 gram. They melted at 206—207°, and, after recrystallisation 
from chloroform or acetic acid, at 207—208°. Analysis showed that 
these crystals were the pentabromo-derivative : 

01684 gave 0°2719 AgBr. Br=68°71. 

C,,H,ONBr, requires Br = 68°94 per cent. 

With the exception of acetone, this compound is but sparingly soluble 
in the usual organic solvents, and can be readily crystallised from 
chloroform or acetic acid. 

Pentabromobenzoxydiphenylamine, C,H,Br,"N H:C,HBr,*O-CO-C,H, 
—The benzoylation is carried out by treatment with benzoyl chloride in 
pyridine solution, and the benzoxy-derivative isolated by treatment 
with dilute sulphuric acid. Purification is effected by recrystallisation 
from petroleum (b. p. 120°), from which solvent it separates in small 
needles, melting at 176°. This compound is sparingly soluble in all 
the usual solvents : 

0:1260 gave 0°1714 AgBr. Br=57°89. 

C,,H,,0,.NBr, requires Br= 58°46 per cent. 


Pentabromoquinoneanil, 2: 4-Dibromophenyliminotribromoquinone, 
_Br 
Br :N:C,HBr,:0. 

Owing to the insolubility of the pentabromohydroxydiphenylamine 
in acetic acid, 100 c.c. of acetic acid at 30° are required to dissolve 0°5 
gram. This solution was added to some excess of chromium trioxide 
in 25 cc. of the same solvent, when oxidation took place rapidly. 
Separation of the quinoneanil was brought about by the addition of 
50 c.c. of water. It was purified by crystallisation from petroleum 
(b. p. 120°), and separated in dark crimson prisms, which exhibited 
very marked twinning and melted at 157°. It is readily soluble in 
chloroform, benzene, or acetone, and sparingly so in alcohol or 
petroleum : 

01855 gave 0:3002 AgBr. Br=68°'87. 

C,,H,ONBr, requires Br = 69°18 per cent. 
Hydrolysis of Pentabromoguinoneanil.—The hydrolysis was carried 
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out in the manner described above, tribromoquinone separating 
directly from the diluted solution of the quinoneanil in sulphuric 
acid. On recrystallising the quinone from alcohol, it was obtained in 
characteristic golden plates, melting at 147°, and not lowering the 
melting point of a specimen prepared directly. The acid mother 
liquor from the quinone was rendered alkaline with sodium hydroxide, 
and distilled in a current of steam. 2: 4-Dibromoaniline passed over, 
and was recognised in the usual manner. 


Heptabromohydroxydiphenylamine. s-Tribromophenyl-2’ : 3’ : 5’ : 6’. 
tetrabromo-4'-hydroxyphenylamine, C,H,Br,*NH°C,Br,°OH. 


Numerous attempts to brominate the pentabromo-derivative by treat- 
ment in chloroform or acetic acid solution, either at a high temperature 
under pressure or by exposure to sunlight, led to noresult. On heating 
the pentabromo-derivative in the absence of a solvent with one molecular 
proportion of bromine in a sealed tube at 100°, bromination took place 
slowly. - Examination of the product showed, however, that the hexa- 
bromo-derivative is not formed, but that half of the pentabromo- 
derivative was converted into heptabromohydroxydiphenylamine. In 
subsequent experiments, when two molecular proportions of bromine 
were used, the yield of heptabromohydroxydiphenylamine was quan- 
titative. The heptabromo-compound could also be prepared directly 
from the unsubstituted p-hydroxydiphenylamine. For this purpose, 
2 grams of the hydroxydiphenylamine were placed in a stoppered 
bottle and moistened with 3 c.c. of chloroform, and the calculated 
quantity (seven molecular proportions) of bromine introduced. The 
bottle was kept in a warm place, the evolution of hydrogen bromide 
being at first very rapid; but later it was necessary, in order to com- 
plete the bromination, to heat the bottle on the water-bath. All the 
solvent was evaporated, and the solid residue dissolved in boiling 
acetic acid. On cooling, the heptabromo-derivative separated in an 
almost pure state. The yield was small, but this procedure is, how- 
ever, to be preferred to the bromination of the pentabromo- 
compound, 

The substance can be recrystallised from acetic acid, from which 
solvent it separates in characteristic, lustrous, transparent rhombs, a 
feature which distinguishes this compound from all the other brome- 
hydroxydiphenylamines herein described. It melts at 173°, and is 
more soluble in the usual solvents than the pentabromo-derivative, 
being particularly soluble in chloroform, benzene, or acetone, and less 
so in acetic acid, alcohol, or petroleum : 

0107 gave 01893 AgBr. Br= 75-29. 

01578 ,, 02808 AgBr. Br=75-73. 
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0:1479 gave 0°2632 AgBr. Br=75-73. 
C,,H,ONBr, requires Br = 75°86 per cent. 
The first of the analyses was that of a specimen prepared from the 
ntabromo-derivative, whereas the two latter were of specimens 
prepared directly from p-hydroxydiphenylamine. 
Heptabromobenzoxydiphenylamine, C,H,Br,*N H-C,Br,°O-CO-C,H,.— 
This compound was prepared in the usual manner from the hepta- 
promo-derivative. It can be recrystallised from alcohol or acetic acid, 
and forms characteristic, transparent rhombs, melting at 206°. Its 
crystalline habit is in marked contrast to that of the other benzoyl 
derivatives. It is very sparingly soluble in all the usual organic 
solvents with the exception of chloroform : 
01101 gave 01715 AgBr. Br=66'29. 
C,,H,O,NBr, requires Br = 66°49 per cent. 


Heptabromoquinoneanil. s-Tribromophenyliminotetrabromoguinone, 


C,H,Br,°N:C,Br,:0. 


This quinoneanil was prepared by adding a warm solution of 0°5 
gram of heptabromohydroxydiphenylamine in 50 c.c. of acetic acid to 
a solution of some excess of chromium trioxide in 25 c.c. of acetic acid. 
The liquid rapidly became deep purple, and on adding water a black, 
crystalline powder separated. This substance is moderately soluble in 
chloroform, acetone, or benzene, forming deep violet solutions, but it 
can be recrystallised from alcohol, in which it dissolves sparingly. It 
forms lustrous, crystalline spicules, which are black by reflected light, 
but puce-brown by transmitted light. It melts at 185°: 

0'1052 gave 0°1874 AgBr. Br=75-81. 

C,,H,ONBr, requires Br = 75°72 per cent. 

The quinoneanil dissolves but sparingly in concentrated sulphuric 
acid. Cautious addition of water to the deep crimson solution results 
in hydrolysis, and, on cooling, bromoanil separates. It was recrystallised 
from benzene, and separated in the usual lustrous crystals, which were 
not molten at 277°, and readily sublimed. 

On further addition of water to the acid mother liquor, colourless 
needles of s-tribromoaniline are deposited. After recrystallisation 
from alcohol, they melted at 119°, and did not lower the melting point 
of a specimen of s-tribromoaniline. 


Octabromohydroxydiphenylamine, 2:3: 4 : 6-Tetrabromophenyl- 
2’: 3': 5’: 6 -tetrabromo-4'-hydroxyphenylamine, C,HBr,-NH°C,Br,-OH. 


In one of the attempts to prepare hexabromohydroxydiphenylamine, 
the pentabromo-derivative was dissolved in some excess of bromine, 
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and the bromine allowed to evaporate at the ordinary temperature, 
A yellow, crystalline solid remained. On repeated recrystallisation 
from glacial acetic acid, the melting point finally rose to 222°. Analysis 
showed that the material was an octabromo-derivative : 

0°1214 gave 0°2226 AgBr. Br=78°03. 

C,,H,ONBr, requires Br = 78°32 per cent. 

The octabromo-derivative crystallises in highly-refractive, lustrous 
prisms from acetic acid, it is moderately soluble in chloroform, 
benzene, or acetone, and sparingly so in alcohol or acetic acid. 


Octabromoquinoneanil. 2:3: 4 :6-Tetrabromophenylimino-2’ : 3’: 5’: §’- 
tetrabromoquinone, C,H Br,-N-C,Br,:0. 


The oxidation of the octabromohydroxydiphenylamine was carried 
out with chromic acid in the usual manner. The low solubility of the 
hydroxy-compound necessitated the use of a large quantity of solvent. 
As the oxidation proceeded, the solution became reddish-violet. On 
adding water, which caused the separation of the quinoneanil as a 
black, crystalline powder, the liquid became completely decolorised. 

This substance is readily soluble in chloroform, sparingly so in alcohol, 
from which it can be recrystallised, and moderately so in acetone. It 
was purified by recrystallisation from alcohol, and then from slightly 
diluted acetone. In crystalline habit and in the colour of its solutions, 
it resembles the heptabromo-compound. The melting points also 
are nearly identical, the octabromo-derivative melting at 183°, whilst 
the heptabromo-compound melts at 185°: 

0:0875 gave 0°162 AgBr. Br=78:79. 

C,,HONBr, requires Br = 78°52 per cent. 

Cleavage of the quinoneanil is effected in the usual manner. The 
bromoanil separates directly from the acid solution, whilst the tetra- 
bromoaniline is obtained on further dilution of the mother liquor. 
The melting point of the aniline was that of 2:3:4:6-tetrabromo- 
aniline, namely, 115°. 


The authors wish to take this opportunity of expressing their 
indebtedness to the Grants Committee of the British Association for 
grants which have partly defrayed the cost of this research. 


UNIVERSITY COLLEGE oF NorTH WALEs, 
BANGOR. 
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XXXI.—The Reducibility of Magnesium Oxide by 
Carbon. 
By Roxanp Epear Sxave, M.Sc. 


Tug investigation already described in a preliminary note (Proc., 
1907, 23, 152) has been continued and extended, and, since the results 
now appear to be conclusive, it is thought advisable to publish a 
complete account of the work. 

Considerable interest attaches to the reaction between magnesia and 
carbon, since, of all the metallic oxides, magnesia has longest withstood 
attempts to effect its direct reduction. Moissan (Zhe Electric Furnace, 
p. 224) states that “ Magnesia may be fused and kept liquid in a 
carbon crucible without being reduced.” 

In some electric furnace work in which it was necessary to brasque 
carbon crucibles with magnesia, it was observed that the walls of the 
crucible were considerably corroded in those places where they had 
been in contact with the strongly heated magnesia. This led to the 
investigation of the cause of the attack. 

On consideration, it became clear that any reduction products formed 
under these conditions might escape notice on account of the ready 
volatility of magnesium and the ease with which it reacts with carbon _ 
monoxide and other gases with which it would come in contact. 

During the progress of this work, Lebeau has published a paper on 
the subject (Compt. rend., 1907, 144, 799), but he considers that the 
reaction only occurs between the vapours of carbon and magnesia at 
the high temperature of the electric arc. By the use of a more 
suitable form of electric furnace, in which the heating is under better 
control, it is easy to prove that reduction occurs at far lower tempera- 


tures, 
EXPERIMENTAL. 


Series J.—A. small piece of magnesia placed on a carbon plate was 
heated for some minutes in a horizontal carbon-tube resistance furnace 
toa temperature above the fusing point of magnesia; the magnesia 
was found to have penetrated through the carbon plate. 

With the object of collecting any magnesium which might be set 
free by this reaction, it was decided to employ molten copper in con- 
junction with the mixture of magnesiaand carbon. The copper served 
as a solvent and condenser of the metal vapour, the method being 
similar to that employed for aluminium by Hutton and Petavel (Phil. 
Trans., 1908, A, 207, 446). Alloys containing up to 2 per cent. of 
magnesium were prepared in this way, but the method is not suitable 
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for condensing larger quantities of the reduced metal, apparently on 
account of the relatively low temperature at which the magnesium 
volatilises. ‘The objection to this method, that the copper itself may 
exert some chemical affinity for the metal it absorbs, appears to be dis. 
proved by the absence of any considerable heat change when molten 
copper free from oxide is alloyed with magnesium. 

The experiments were carried out in a vertical carbon-tube resist. 
ance furnace fitted with a side-tube for observing the temperature with 
a Wanner optical pyrometer, the side-tube being kept free from 
fumes, which would absorb some of the light, by means of a current 
of hydrogen passing through it towards the inside of the furnace, The 


Wifi; = 
VMYijHijiy yy 
Wy Uy 
Vertical carbon-tube furnace, 


Scale 1/9th. 


containing vessel consisted of a smaller carbon tube, one end of which 
was closed with a graphite plug (see Fig. 1). 

With this type of furnace, a more efficient condensation of the 
reduced magnesium was effected by constant additions of reduced 
copper in the form of fine powder, which, fusing and falling through 
the strongly heated layers of the charge, collected and removed the 
magnesium. In all experiments above 1700°, an alloy containing 
magnesium was obtained. In one case, at 1883°, for example; the 
amount of magnesium in the alloy was 1°6 per cent. 

That this magnesium was not dissolved in the copper in the form of 
magnesia was shown by heating magnesia and copper to above the 
melting point of the latter in a wind furnace for half an hour, keeping 
the mixture constantly stirred. The copper proyed on analysis to 
have taken up no magnesium, 
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Series /[.—A mixture of magnesia and carbon, the magnesia being 
in excess, was placed in a graphite boat in a horizontal carbon-tube 
resistance furnace. A rapid stream of nitrogen was passed through 
the tube during the heating, which was continued for twenty minutes 
at about 1900°. The exact temperature could not be determined, owing 
to the formation of an opaque film across the cool end of the tube. On 
examining the boat, it was found to contain unfused magnesia, quite 
white and free from carbon. A quantity of carbon insufficient to 
reduce all the magnesia having been present, all the carbon was used 
up, leaving an excess of magnesia in the boat. This shows that the 
reduction takes place below the fusion point of magnesia. 

In another experiment, a mixture of carbon and magnesia was placed 
ina graphite boat in a furnace similar to that used in the last experi- 
ment. A rapid stream of hydrogen was passed through the furnace 
while the temperature was slowly raised, readings of the temperature 
being taken with the Wanner optical pyrometer ; at about 1670°, it was 
noticed that the tube became filled with fumes which settled, forming 
a grey film; this was found to contain traces of magnesium carbide, 
The temperature of reduction of magnesia by carbon thus probably 
begins a little below 1700°. 

Series [J.—In these experiments, a mixture of magnesia and carbon 
was placed in a graphite boat, which was heated in a vacuum by the 
resistance which it offered to the passage of an electric current. 

In order more carefully to examine the products of the reaction and 
to keep a close observation on the process, an electrically heated 
device was mounted in a glass apparatus similar to that used by 
Pring and Hutton in the synthesis of acetylene (Trans., 1906, 89, 
1593). A carbon rod held in graphite end-pieces, which were 
mounted in water-cooled brass tubes, served as the heater, the rod 
being grooved out into the form of a boat to support the mixture of 
magnesia and carbon. The apparatus was exhausted and the ex- 
periments made in a vacuum, the gas generated being pumped out and 
subsequently analysed. 

These experiments proved most successful, the magnesia being 
reduced and the inner surface of the glass globe above the heated rod 
being coated with a bright mirror of magnesium. 

In one experiment, a carbon rod 10 cm. long and 0°7 em. in 
diameter was used, and the following are particulars of the 


experiment : 
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Time Pressure 
in minutes. |Amperes. 3. in mm. Remarks, 
60 2°7 
100 * 45 
115 ~— 
— 80 ~ 
— _— 85 c.c. pumped ont 


rte ae YO 55 

120 : 42 ea 

120 ‘ 44 aie 
(current stopped) 

ssa 24 52 c.c. pumped out 
90 _ 75 = 


” 


_ 
ETA NOH © 


The temperature was approximately 1900° as determined with the 
Wanner optical pyrometer. The gases pumped out were subsequently 
analysed. 

The inside of the globe was coated with a bright silver-like mirror, 
This metallic-looking deposit dissolved readily with effervescence in 
dilute hydrochloric acid, and oxidised to a white oxide when heated in 
air. Further proof of the reduction of the magnesia having been 
effected is given by the gas analysis. The last sample of gas taken 
gave on analysis CO=57-4, H=38'l, N=4'4 per cent. After 
allowing for the carbon monoxide produced by the -reaction of the 
small amount of residual water, this leaves a considerable excess of 
carbon monoxide produced by actual reduction of the magnesia. Blank 
experiments in which carbon rods were similarly heated in the 
absence of magnesia served to confirm this conclusion. 

Series IV.—-A. vacuum having been successfully employed in 
removing the carbon monoxide from the magnesium before the reverse 
reaction CO+Mg=C+MgO was complete, other methods were 
attempted for removing this carbon monoxide and facilitating the 
condensation of the magnesium. 

A mixture of magnesia and carbon was heated to about 1900° in a 
rapid stream of hydrogen, which then passed through a water-cooled 
copper tube serving as a condenser. 

The apparatus used is shown in Fig. 2. It consists of a retort 
made up of two carbon crucibles, one inverted over the other—the 
two being held together by graphite supports. Into a hole in the 
top of this retort a carbon tube is ground, which serves as an inlet 
for the hydrogen. In the side near the top, an outlet hole is bored 
and ground to fit the water-cooled copper tube. 

The retort was charged with a mixture of 40 grams of magnesia 
and 12 grams of carbon (petroleum coke), and then embedded in a 
granular carbon resistance furnace. 

The following are particulars of the power used : 
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Time Time 
in minutes. Amperes. Volts. in minutes. Amperes. Volts. 
50 70 30 450 23 
100 —_— 65 450 zi 
140 58 90 450 20 
18 450 26 


The temperature of the retort was probably 1800° to 1900°; it was 
certainly below the fusion point of magnesia.* 

In the condenser tube were found about 2 grams of a grey powder. 
This, on exposure to the atmosphere, gave off a little ammonia, which 
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Granular carbon resistance furnace and retort. 


Scale 1/12th. 


was recognised by its odour and by its action on litmus paper. The 
powder was treated with dilute hydrochloric acid, when 70 c.c. of gas 
were evolved, which, on analysis, gave H,S=49°94, C,H,=7°82, 
H=42:13 per cent. A residue of carbon was left undissolved, and 
the solution was tested and found to contain only magnesium ; it was 
quite free from calcium. The powder must therefore have consisted 
of a mixture of magnesium together with its nitride, sulphide, carbide, 
and oxide, and some carbon. 


* About 1920°, according to H. M. Goodwin and R. D. Mailey, Trans, Amer, . 
Electrochem, Soc:, 1906. 
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The nitride would be formed from the heated magnesium on jt 
coming into contact with nitrogen, the sulphide from its coming into 
contact with hydrogen sulphide, the sulphur being derived from the 
carbon ; it is a well-known fact that the sulphur always present in 
commercial carbon can be partly converted into hydrogen sulphide by 
heating to 2000° in a stream of hydrogen. The carbon and magnesia 
probably resulted from the interaction of heated magnesium and 
carbon monoxide. 

In another experiment, a similar apparatus was used, except that in 
place of the water-cooled copper condensing tube a carbon tube was 
used, and a piece of aluminium weighing 60 grams was placed in the 
retort along with the charge of magnesia and carbon. A swift stream 
of hydrogen was passed as before. It was hoped that the aluminium 
would remove the carbon monoxide by reacting with it, forming a 
mixture of alumina and aluminium carbide, thus: 6Al1+300= 
Al, ©, + Al,0,. 

This seems to have taken place, for the aluminium was found to 
have been largely converted into carbide, and in the condenser tube 
were found 2 grams of magnesium as powder and a further quantity of 
2 grams which had been melted in the hot tube and had run down to 
the bottom, where it solidified. This metal gave on analysis 
Mg=99°45, Al=0‘47 per cent. If the addition of the aluminium 
was omitted, it was found that in place of the fused metal there was a 
mixture of magnesia and carbon, formed doubtless by the action of 
carbon monoxide on the molten metal. Some powder found in the 
tube, however, was shown to consist largely of metal, for it gave a 
mixture of hydrogen, acetylene, and bydrogen sulphide on treatment 
with dilute acid. 

When the carbon monoxide was absorbed by aluminium, it was 
possible for the magnesium formed to run together; without the 
aluminium, however, this metal was oxidised by the carbon monoxide. 


Conclusion. 


The work here recorded seems to prove satisfactorily that magnesia 
is reduced by carbon, not only at the high temperature of the electric 
arc, but as low as 1700°. 

Watts (Zrans. Amer. Electrochem. Soc., 1907, 11, 279) mentions the 
fact that carbon can be volatilised from a bed of magnesia, and he ob- 
tained sublimates consisting of intimate mixturesof magnesium oxideand 
carbon ; his explanation of the reaction is similar to that put forward 
here, although he was unable to produce evidence of the existence of 
free metal. 

The present work, however, shows clearly that the metal can be 
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isolated, although under ordinary conditions re-oxidation of the 
magnesium is effected by the carbon monoxide, for if some device is 
used for removing this gas, for instance, by working in a vacuum, by 
absorption of aluminium, or by a rapid stream of hydrogen, then 
metallic magnesium is obtained. The condensed magnesium is always 
associated with small quantities of a carbide, which, on treatment with 
water or dilute acid, gives off acetylene. Small quantities of this 
carbide are also found together with the mixture of magnesia and 
carbon in the condensate obtained when magnesia and carbon are 
heated together in an open furnace. All attempts to prepare this 
carbide from magnesium and carbon in anything like a pure state failed, 
but it was shown only to give off acetylene on treatment with dilute 
acid. It is therefore probably identical with Berthelot’s carbide, pre- 
pared by heating magnesium toa red heat ina stream of acetylene. 
In this case, it must be formed by the cooling magnesium coming into 
contact with acetylene, which is always present in traces where carbon 
and hydrogen come together at temperatures of 1700° and upwards 
(Pring and Hutton, Trans., 1906, 89, 1600). 

In all furnaces, unless very exceptional precautions be taken, there 
is a considerable amount of hydrogen present due to the decomposition 
of moisture. In no case was any carbide found in the hot parts of the 
furnace. This confirms the suggestion that it is identical with 
Berthelot’s carbide, for Moissan showed that the latter was decomposed 
at high temperatures, 


Finally, I wish to thank Dr. R. 8. Hutton for many valuable 
suggestions, and for the interest he has taken in the work. 
Etrcrro-CnEMICAL LABORATORY, 


THE UNIVERSITY, 
MANCHESTER. 


XXXII.—Constitution and Colour of Azo-compounds. 
Part IT. The Salts of Parahydroxyazo-compounds 
with Acids. 


By Joun Jacos Fox and Jonun THeopore HeEwiIrr. 


Some fourteen years ago (Ber., 1893, 26, 2975) one of the authors of 
the present communication observed that ortho-and meta-chlorobenzene- 
azophenols could apparently each exist in two different modifications ; 
these were subsequently found not to be isomeric as was at first 


— 


5 Si. i Se aS 


ae ea 


334 FOX AND HEWITT: CONSTITUTION AND 


supposed, but to differ from one another by half a molecule of water 
(Ber., 1895, 28, 799). The colour change was so striking when the 
hydrated form was converted into the anhydrous substance that it 
seemed improbable such a difference was merely due to loss of water of 
crystallisation, and further examination appeared desirable. From hot 
alcoholic solutions, m-chlorobenzeneazophenol separates in brilliant 
yellow crystals which are anhydrous ; when water is added to a cold 
alcoholic solution, chocolate coloured crystals of the formula 
(C,.H,ON,Cl),,H,0 

are usually deposited. On endeavouring to find out the exact condi- 
tions under which the two forms might be obtained, it soon became 
apparent that the hydrated form was generally, although not necessarily, 
produced in presence of a small amount of free mineral acid. Hewitt 
and Pope (Ber., 1897, 30, 1624) then found that many azophenols 
formed hydrates when first finely ground with concentrated hydro- 
chloric acid and then washed with water, and it was very noticeable 
that dark coloured compounds were obtained by the action of hydro- 
chloric acid on azophenols. 

Salts of azo-compounds with mineral acids had been noticed by 
several experimenters ;* Hewitt and Pope observed, however, that the 
hydrochlorides could be obtained in a pure condition by leading dry 
hydrogen chloride into benzene solutions of the azophenols and these 
contained one molecular proportion of hydrogen chloride per molecule 
of azo-compound. Since similar compounds were not isolated from the 
corresponding ethyl ethers, the idea occurred that the salts were 
derived from quinonehydrazones. Professor P. Jacobson pointed out 
to the authors that W. Fischer, working under his direction, had found 
that benzeneazophenetole was far more soluble in concentrated hydro- 
chloric acid than the parent azophenol, and, whilst a hydrochloride was 
not isolated, a platinichloride had been obtained and analysed. Further, 
Professor Jacobson had the great kindness to place a number of 
dissertations carried out under his guidance at the authors’ disposal, 
who confirmed the results contained therein and studied the relation- 
ships of these hydrochlorides to the hydrates. 

The existence of salts of the ethyl ethers with mineral acids caused 
the idea of a quinonehydrazone formula for the salts to be temporarily 
abandoned; Farmer and Hantzsch, however, definitely adopted the 
formula 

C,H,"NH-N:C,H,:O 


H Cl 


in 1899 (Ber., 1899, 32, 3091), and when Hewitt obtained a fair yield 
of benzeneazo-o-nitrophenol by the action of warm dilute nitric acid on 
* The literature is referred to by Hewitt and Pope (loc. cit.). 
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henzeneazophenol (Trans., 1900, 77, 99) whereas Noelting obtained 


Water 

en the pnitrobenzeneazophenol when nitration was effected in concentrated 
hat it sulphuric acid solution (Ber., 1887, 20, 2997) a radical difference in 
iter of the constitution of the salts and the azophenols was evident, the azo- 


phenols being regarded as hydroxylic compounds, the salts possessing 
the constitution which Farmer and Hantzsch had adopted. In this 
view Auwers concurred (Ber., 1900, 33, 1302), and the salts seem to 


- cold 
have been accepted by many as quinonehydrazone derivatives, although 
Jacobson records the fact that hydroxyazobenzene also forms salts with 
ondi- mineral acids (Ber., 1903, 36, 4107). 
came Last year W. B. Tuck examined the absorption spectra of benzene- 
wily, azophenol and benzeneazophenetole in alccholic and concentrated 
Witt hydrochloric acid solution, finding that solutions of these substances in 
nols the same solvent exhibited similar absorptions. Since benzeneazo- 
dro- phenetole undoubtedly possesses the constitution 
able C,H,°N-N-C,H,°0°C,H,, 


benzeneazophenol is regarded by Tuck as having a hydroxyazo-structure, 
and Tuck further deduces from the similarity of the absorptions of the 
two substances in hydrochloric acid that “this undoubtedly proves that 
the hydrochlorides of both the free p-hydroxyazo-compounds and of the 
ethers have similar structures, and consequently the hydrochlorides of 
the free hydroxyl substances have an azo-structure.” 


lese 
ule If this conclusion of Tuck’s be granted, it is impossible to under- 
the stand the difference in the behaviour of hydroxyazo-compounds to 
ere substituting agents according to whether the free azophenol or a salt 
ut with a mineral acid were employed; if the phenol group remains 
ind phenolic, then substitution must necessarily first take place in that 
r0- group. 
jas F. Baker has more recently suggested a carbonium formula for the 
er, salts (Trans., 1907, 91, 1500), but grave objections may be urged 
of against a structure which involves nitrogen in a quinquevalent con- 
al, dition never before observed. Baker actually writes the general 
D- formula as 
eA ine R 

od ra Nini’ NZ ; 
ly yd \=/ Nl 
e If in this formula, R=OH or O-C,H,, there is no apparent reason 

why the benzene nucleus should be so easily attacked by substituting 

agents, although in a modified form, 

Pe rh ne D 

d bs ‘en No ; 
n this objection as well as the other one regarding the valency of the 


nitrogen would disappear. Such a formula may have some value, 
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although one would expect substances of this type readily to undergo 
isomeric change in a manner similar to that exhibited by the analogously 
constituted “chinols” discovered by Bamberger (Ber., 1900, 33, 3600), 


CH, 
on 
HO OH 
0: aa ee" seem w, RES ag 
a ~ OH 
ii 
HO cH, 


Whether Baker intends to represent the hydrochloride of benzene. 
azophenol by A or B 


4 Swit a diisiely. s ny Son(o,H 
Nea al Si of aa Ne 


A, B. 


is not apparent, for despite the general formula shown in his paper, in 
which the meaning attached to R is not stated (Joc. cit.), in reading his 
communication to the Society he remarked that a hydrogen atom such 
as that marked with an asterisk in formula B would be peculiarly 
liable to substitution. The objections which may be raised to formula 
A have already been stated, against B may be urged the same objections 
and others in addition. In the first place the phenolic group remains 
phenolic and should be peculiarly liable to attack (quite at variance 
with the facts), secondly the observation made by Grandmougin and 
Guisan (Ber., 1907, 40, 4205) that p-tolueneazosalicylic acid when dis- 
solved in concentrated sulphuric acid is nitrated in the ortho-position 
with respect to the azo-group in the toluene nucleus. Further, benzene- 
azo-a-naphthol and its p-nitro-derivative both give yellow solutions in 
neutral solvents but purple solutions (absorption in the yellow and 
green) in concentrated hydrochloric acid, so that it may be assumed 
that the salts formed with acids are of the same type. The idea of a 


salt containing such a group as NOESC< (required by formula 8) 


scarcely seems feasible, but if it be argued that such a grouping may be 
quite stable, then surely a dimethylamino-group must have an opposite 
effect. To test the point, y-dimethylaminobenzeneazo-a-naphthol was 
prepared ; its solutions in alkalis, neutral solvents, or dilute acids are 
yellow, but in concentrated hydrochloric acid the solution is purple and 
yields on concentration a hydrochloride which contains two molecular 
proportions of hydrogen chloride to one of the azo-compounds. Formula 


B requires in this case the grouping ow Acs and it would 
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wrtainly be remarkable if this grouping as well as the groupings 
>< and NOD>o< were not merely possible but also exhibited 


a the same degree of stability and the same behaviour as salts. 

The most decisive evidence against the formula B is furnished by 
the fact that the hydrochloride of p-bromobenzeneazophenol and the 
hydrobromide of p-chlorobenzeneazophenol are absolutely different 
substances regenerating their components on hydrolysis, whereas the 
formula B requires the same substance, 


ON ry mo 
le ‘NHiNC OH, 


for both. ‘Tschitschibabin has employed a similar method with regard 
to the coloured salts of triphenylcarbinol (Ber., 1907, 40, 3965). 

The structures discussed being unsatisfactory, some other con- 
stitution has to be found for the salts, which will recognise the 
similarity in constitution of the hydrochlorides of the hydroxyazo- 
compounds and their ethyl ethers, and this may be arrived at by 
regarding the compounds with mineral acids as oxonium salts ; 
for example, 

= 1(C,H;) * 
c i. Hwn:7 on : 
Neue ‘N=~ Nor 


Not only does this formula agree with the facts stated, but it 
goes further in that it necessitates in each case a longer chain of 
alternate double and single linkings for the salts, which, as shown by 
Hewitt and Mitchell for the alkali salts of p-nitroazophenols, accom- 
panies the shifting of the absorption to the red end of the spectrum. 

It also agrees with the nitration in concentrated sulphuric acid, 
the benzene nucleus in acetanilide and in the sulphate of benzeneazo- 
phenol being in analogous states. 


H 
ae 4 No:’ and’ SNE! 
C _DNEGN: &, 5 ag NH a 


In fact, the ortho-para law of substitution is obeyed, whilst aromatic 
sulphates in presence of an excess of concentrated sulphuric acid 
nitrate frequently in the meta-position. 

The following constitutions are therefore assigned to the substances 
which have been examined : 


* During the passage of this communication through the press, Professor 
Grandmoagin has sent me a copy of Dr. Guisan’s dissertation in which the oxonium 
formula for the salts is advocated. (Contribution a l'étude des dérivés azoiques de 
Vacide salicylique, p. 71, Ziirich, 1907.)—J. T. H. 
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Absorp. 
tion, 


| 

| . 
Substance. Formula. 

| 


Benzeneazo-a-naphthol | CsH;"N:N°C,)H,°OH Blue and 
” , Vis Violet 
chloride CoHs"NH°NiCpHgtOC Yellow and 
Benzeneazo-a-naphthyl ethyl Cl green 
ether C,H;°N:N°C,)H,’0°C,H; Blue and 
Benzeneazo-a-naphthyl ethy]| Vu H Violet 
ether hydrochloride C,H;"NH°N:C,,H,:0 voces seceee seo] VELlOW and 
Dimethylaminobenzeneazo- | No | green 
a-naphthol | (CHs),.N°C,H,°N:N°C,,H,°OH Blue and 
Dimethylaminobenzeneazo- | violet 
a-naphtho] monohydro- +) ClH(CH;),.N*C,H,’N:N°C,,H,°OH ‘Blue and 
chloride | Violet 
Dimethylaminobenzeneazo- fit | 
a-naphthol dihydrochloride) ClH(CH3),N*C,Hy*NH°N:C,,H,:0 ...| Yellow and 
Dimethylaminobenzeneazo- Cl green 
a-naphthyl ethyl ether (CH ),.N°C,H,°N:N°C,,H,°O°C,H; Blue and 
Dimethylaminobenzeneazo- violet 
a-naphthyl ethyl ether }| ClH(CH;),N°C,H,°N:N’C,)H,°O°C,H, ...|Blue and 
monohydrochloride ...... violet 
Dimethylaminobenzeneazo- os 
a-naphthyl ethyl ether +| CIH(CH,),N°C,H,*NH°‘N:C,,H,:0 |Yellow and 
dihydrochloride Na | green 
Dimethylaminobenzeneazo- 
a-naphthol methiodide I(CH;),N°CgHy°N:N°C,,H,°OH Blue and 
Dimethylaminobenzeneazo- Jo} violet 
a-naphthol methochlor- C1(CH3):N°CgHy"NH*N:CjoHe:0¢ ..» Yellow and 
ide hydrochloride H green 


It will not escape attention that the formula 


Fa aaa aes 

Nee \=/No1(80,H, &e.) 
is not definitely negatived, but the fact that isomerisation analogous 
to the transformation of the “ chinols”’ does not take place, renders it 
extremely improbable. 

It may be added that if the formula advocated in this paper for 
the salts formed by azophenols with mineral acids is correct, the 
hydrates containing one molecule of water are the corresponding pseudo- 
bases, Ar‘NH:N:C,H,(OH),. Farmer and Hantzsch assign the same 
structure to these ‘‘abnormal hydrates” from a different line of 
reasoning (Joc. cit.). The hydrates containing only one molecule of 
water to two molecules of the azophenol must then be anhydrids of 
these pseudo-bases and possess the constitution 

[Ar-NH-N:C,H,(OH):],0. 
Such anhydride formation from pseudo-bases has been occasionally 


observed in the case of other compounds (for example, Werner, Ber’, 
1901, 34, 3305). 


we Ll ll lO CT 
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EXPERIMENTAL, 


The hydrochlorides of benzeneazophenol and its ethyl ether have 
already been shown by Tuck ((oe. cit., pp. 450, 451) to possess similar 
absorption spectra, and he draws the conclusion that they are similarly 
constituted. The same relationship is observed in the case of benzene- 
azo-a-naphthol and its ethyl ether when dissolved in hydrochloric acid ; 
the observations recorded in this paper refer only to the visible part 
of the spectrum. With a layer 4 mm. in thickness we observed 
for an alcoholic W/1,000 solution of benzeneazo-a-naphthol a trans- 
mission of the visible spectrum as far as wave length 540 pp, an 
equimolecular solution of the ethyl ether transmitting as far as 
510 pp. The effect of forming the sodium salt is similar to that 
observed by Tuck for benzeneazophenol, light not passing through 
beyond 582 pp at the same dilution. But solutions of the azo- 
naphthol and its ethyl ether in concentrated sulphuric acid are violet, 
the absorption being characterised by a strong and persistent band in 
the yellow and green, the limits of which in 1V/10,000 solution were 
observed as 600—525 yp for the azonaphthol and 600—535 py for its 
ethyl ether. The ethyl ether exhibits the same band in strong 
hydrochloric acid solution, the edges being shifted slightly towards 
the violet end of the spectrum (590—525 py); we considered it as 
well to examine the absorption in both acids, as very frequently 
sulphuric acid is a more convenient solvent. Evidently the replace- 
ment of one acid by another has no very marked effect. 

In the case of p-nitrobenzeneazo-a-naphthol (Meldola, Trans., 1885, 
47, 661) the free azo-compound in neutral solvents screens the violet 
end of the spectrum in quite the same manner as the unsubstituted 
compound, but on adding alkali to the solution a band is formed in 
the yellow and green, and the red and blue ends of the spectrum are 
transmitted. One also finds a persistent absorption band when the 
azonaphthol is dissolved in concentrated sulphuric or hydrochloric 
acids, The head of the band in concentrated hydrochloric acid lies 
about 600 py; the band in alkaline solution is near this, but much 
broader. 

In the case of dimethylaminobenzeneazo-a-naphthol one has to deal 
with the spectra of alkaline, neutral, dilute acid, and strongly acid 
solutions. The absorption of the neutral solution is very similar to 
that of the unsubstituted benzeneazo-a-naphthol ; the yellow solution 
in dilute hydrochloric acid which contains the monohydrochloride 
differs in that the absorption begins slightly nearer the violet end 
of the spectrum and the edge of the band is rendered much sharper. 
When, however, the azo-compound is dissolved in concentrated hydro- 
chloric acid the spectrum changes entirely, and a band appears in the 
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yellow and green the head of which is about 600 py. From such q 
solution a dihydrochloride is deposited on concentration. 

The methiodide and O-ethyl ether of dimethylaminobenzeneazo.q, 
“naphthol show quite analogous colour changes with variation in the 
concentration of acid, 

It has been stated in the introduction that the hydrochloride of 
p-bromobenzeneazophenol and the hydrobromide of p-chlorobenzeneazo. 
phenol are different substances. The first of these salts was described 
by Hewitt, Moore, and Pitt (Ber., 1898, 31, 2116), who precipitated 
a benzene solution of the azophenol with dry hydrogen chloride ; they 
described the p-bromobenzeneazophenol as melting at 157° A re. 
determination of the melting point of their original specimen showed 
that the substance softened at 154° and melted completely at 158° 
(uncorr.). A recrystallisation of the specimen from dilute alcohol 
raised the melting point to 158°5° (162° corr.). Hewitt, Moore, and 
Pitt record 154° for the melting point of p-chlorobenzenecazophenol, a 
redetermination gave 153°5° (157° corr.). 

p-Bromobenzeneazophenol was ground up very finely with concen- 
trated hydrochloric acid, the resulting red, crystalline paste spread on 
a porous tile and dried in the air for several days. The p-chloro. 
benzeneazophenol was treated in a similar manner with concentrated 
hydrobromic acid. The result of the exposure was that each salt when 
decomposed into its components contained less than one molecular 
proportion of acid per molecule of azophenol, in the circumstances a 
matter of no moment as the analyses of many salts have been 
published. The decomposition was effected by covering the salt with 
water, warming, and gradually adding W/10 solution of potassium 
hydroxide until the azophenol was dissolved. The azophenol was 
then precipitated by dilute acetic acid, collected, and washed ; to the 
filtrate a few drops of nitric acid were added, and then silver nitrate 
in slight excess, The silver halide so precipitated was collected, 
washed with water and alcohol, and dried, In this way an azophenol 
was obtained from the hydrochloride of p-bromobenzeneazophenol 
which melted at 158—-159° (uncorr.), and which did not depress the 
melting point of pure p-bromobenzeneazophenol. The silver halide 
contained Ag= 75:06 ; AgCl requires Ag = 75'28 per cent, 

The azophenol recovered from p-chlorobenzeneazophenol hydro- 
bromide melted at 153°5° (uncorr.), whether alone or mixed with 
p-chlorobenzeneazophenol. The silver halide obtained from this salt 
contained Ag=57'49; AgBr requires Ag=57:44 per cent. Hence 
there is no doubt that the formula 


Cl : ; aps 
By CoH N H:N-C,H,-OH 


for both these salts is out of the question. 
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That no change analogous to the isomerisation of ‘‘chinols” to quinol 
or resorcinol derivatives had taken place renders the formule 


(Br)Cl-0, Hy N:NEC,H, <p Brot) 884 
(Br)Cl-C,H,-NH-'N:C,H —<— r(Cl) 


very improbable. It cannot be urged that two or three days was too 
short a time to wait for the change to take place, since it was found 
that the original specimen prepared by Moore and Pitt in 1898 had, 
owing to being preserved in a corked specimen tube, lost practically 
all its hydrochloric acid and now melted at 157° (uncorr.), its melting 
point not being depressed when mixed with p-bromobenzeneazo- 


phenol. 


Dimethylaminobenzeneazo-a-naphthol, (CH,),N°C,H,’N:N°C,,H,°OH. 


A solution of 6°8 grams of p-phenylenedimethyldiamine (or the 
equivalent amount of sulphate) in 30 c.c. water and 11 fgrams of 
concentrated hydrochloric acid was well cooled and diazotised with 3°5 
grams of sodium nitrite dissolved in a small quantity of water. 
During the process of diazotisation rather remarkable colour changes 
(red to green) were observed, and the solution was then poured into a 
well-cooled alkaline solution containing 7*2 grams of a-naphthol. The 
solution immediately became dark red, but the process of combining 
was allowed to proceed overnight. To liberate the azonaphthol a 
stream of carbon dioxide was found to give the best results, and the 
precipitate after collection, washing with water and drying, approxi- 
mated to the weight required by theory. From the dried mass 
impurities were removed by treatment with repeated quantities of cold 
benzene ; the residue gave a brown solution with nearly all the usual 
organic solvents. For analysis the substance was crystallised from 
chloroform; it separated in small, dark chocolate coloured needles. 
The substance decomposes on heating at 159° (uncorr., ordinary rate of 
heating). It dissolves in dilute acids with a ‘yellow or brown shade ; 
the colour in strong acids is violet or purple : 

0:1271 gave 0°3450 CO, and 0°0674 H,O. C=74:04; H=5-93. 

01351 ,, 03664C0O, ,, 00720 H,O. C=7400; H=5-96. 

01672 ,, 20:5 cc, N(over KOH) at 17° and 757 mm. N=14:28. 

C,,H,,ON, requires C = 74°22; H=5°88 ; N=14°43 per cent. 

Monohydrochloride.—The preceding substance, in virtue of its 
dimethylamino-group, dissolves easily in dilute hydrochloric acid with 
a brown colour. The salt thus formed separates in needles, which 
exhibit a metallic reflex after drying ; 


342 FOX AND HEWITT: CONSTITUTION AND 


0°1782 gave 0:0798 AgCl. Cl=11:07. 

C,,H,,ON,CI requires Cl = 10°84 per cent. 

Dihydrochloride.—This salt is readily prepared by dissolving the 
base in benzene or chloroform, and leading dried hydrogen chloride 
into the solution. The very dark purple precipitate is collected, 
washed with benzene, and dried in the air : 

0°1778 gave 0°1438 AgCl. Cl= 20-00. 

C,,H,,ON,Cl, requires Cl = 19-50 per cent. 

Platinichloride.—The platinichloride, as obtained by evaporating the 
azonaphthol with a solution of platinic chloride in concentrated 
hydrochloric acid, separates in a crystalline condition, and after 
filtering may be washed with alcohol before drying ; it is the salt of a 
diacid base : 

0°2113 gave 0:0594 Pt. Pt=28°11. 

0°1782 ,, 0.0498 Pt. Pt=27-95. 

C,,H,,ON,,H,PtCl, requires Pt = 27:82 per cent. 

Methiodide.—The base is dissolved in methyl alcohol, the calculated 
amount of methyl iodide added, and allowed to stand several days, 
Small, almost black, prisms separate; the solutions of this salt in 
neutral solvents are brown, but in concentrated acids a purple colour 
is developed : 

0°1358 gave 0:0732 AgIl. I[=29°13. 

C,,H,,ON,I requires I = 29°34 per cent. 

Acetyl derivative.—(CH,),N°C,;H,°N:N-C,,H,*O-CO-CH,. 

The acetyl derivative was prepared in the usual manner by boiling 
with acetic anhydride and fused sodium acetate. ‘The excess of acetic 
anhydride was removed by pouring into alcohol, and the acetylated 
base precipitated by the addition of ammonia. The substance is 
soluble in the usual organic solvents with a brown shade ; for analysis 
it was purified by repeated precipitations with light petroleum from 
its solution in chloroform. The red crystalline powder thus obtained 
melted at 245—247° (uncorr.), and gave the following result on 
analysis : 

0°1444 gave 0°3798 CO, and 0:0730 H,O. C=71:'73; H=5°65. 

C,)H,,0,N, requires C= 72°07 ;-H =5-70 per cent. 

Benzoyl derivative-—The benzoyl derivative was prepared by the 
Schotten-Baumann method, and purified by repeated precipitation 
with light petroleum from its solution in chloroform. Its colour in 
the solid condition is also red: it may be noted that both acetyl and 
benzoyl derivatives have a distinctly lighter shade than the parent 
azonaphthol. The substance melted at 199° (uncorr.) with decom- 
position, slight softening taking place at 183°: 
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0:1430 gave 0°3958 CO, and 0:0864 H,O. C=75:°56; H=5:35. 
C,,H,,0,N, requires C= 75:96 ; H=5°32 per cent. 

Dimethylaminobenzeneazo-a-naphthyl ethyl ether.—The azonaphthol 
was dissolved in the calculated quantity of dilute sodium hydroxide 
glution, and boiled under reflux for several hours* with one 
molecular proportion of diethyl sulphate. The ethylated base 
separated as a precipitate; after collection, digestion with dilute 
gdium hydroxide solution and washing, it was crystallised from 
chloroform, being obtained in small dark prisms, melting with de- 
composition at 216° (uncorr.) : 

0'1028 gave 0°2826 CO, and 0:0636 H,O. C=75:00; H=6°82. 

Cy) H.,ON, requires C = 75°24; H=6°59 per cent. 

Dihydrochloride.—The violet solution of the azonaphthol in con- 
eentrated hydrochloric acid deposited nearly black needles in 
concentration ; these, after collection and air-drying, proved to be the 
dihydrochloride, analysis of two preparations giving the following 
results : 

01358 gave 0°1026 AgCl. Cl=18°66. 

0:1352 ,, 01016 AgCl. Cl=18°59. 

C,,H,,0N,Cl, requires Cl= 18-12 per cent. 

Platinichlorides.—Two platinichlorides were prepared showing that 
the base can exercise monacid or diacid functions. By adding a 
solution of the base in dilute hydrochloric acid to alcoholic platinic 
chloride a brown precipitate was obtained, which proved to be the 
compound of two molecules of the base with one molecule of hydrogen 
platinichloride : 

0'1512 gave 0°0278 Pt. Pt=18°32. 

(C,,5H,,ON,).,H,PtCl, requires Pt = 18°60 per cent. 

The other salt was obtained by evaporating a solution of the base 
in concentrated hydrochloric acid with platinic chloride ; it separated 
in nearly black needles : 

01062 gave 0:0282 Pt. Pt. = 26°55. 

C,,H,,ON,,H,PtCl, requires Pt = 26°75 per cent. 

Finally, it is our pleasant duty to record our sincere thanks to the 
Badische Anilin- und Soda-Fabrik, and especially to Mr. H. Zilz, for 
their kindness in placing a considerable quantity of p-phenylene- 
dimethyldiamine sulphate at our disposal, and to Mr. R. H. Fleming 
for aid in the experimental work. 
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* The prolonged heating is probably unnecessary. 
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XXXIII.— The Influence of Foreign Substances on Tran- 


sition Temperatures and the Determination of 
Molecular Weights. 


By Harry Meprortn Dawson and Corin GyrtH Jackson, 


THE object of this paper is to record the results of experiments made 
to determine the depression of certain so-called transition temperatures 
on the addition of foreign substances soluble in the liquid which is 
formed at the temperature of transition. 

The systems involved in such transition phenomena are more con- 
plex than those which are met with in the application of the freezing. 
point method of determining molecular weights. Whereas, in the 
case of the freezing point, the temperature constancy is determined 
by the co-existence in equilibrium of a solid and a liquid phase of the 
same composition, two or more solid phases are in equilibrium with a 
liquid phase, the composition of which bears, in general, no simple 
relationship to that of the solid phases, when a transition phenomenon 
of the type investigated in this paper is in question. If the change 
is the dehydration of a hydrated substance, two solid phases participate 
in the equilibrium corresponding with the transition temperature; 
if it is the formation of a double salt from two simple salts or 
the decomposition of a double salt into its component simple salts 
with loss of water, the number of such solid phases is three. Apart 
from this difference in the number of the solid phases which par- 
ticipate in the equilibrium and the absence of any simple relationship 
between the composition of the liquid phase and that of the solid 
phases, there is, however, no essential distinction between true freezing 
points and transition points of the type referred to. The practical, 
constancy of such transition temperatures has been clearly demon- 
strated by Richards and Churchill (Zeitsch. physikal. Chem., 1898, 26, 
690), who found the temperature at which sodium sulphate decahydrate 
is transformed into the anhydrous salt to be 32:379° (hydrogen scale). 
Richards and Wells (Zettsch. physikal. Chem., 1906, 56, 348) found 
similarly that the transformation of sodium bromide dihydrate into 
the anhydrous salt takes place at 50°674° (hydrogen scale). Such 
temperatures have been suggested as suitable fixed points for thermo- 
metric purposes (compare also Meyerhoffer and Saunders, Zeitsch. 
physikal. Chem., 1898, 2'7, 367; Richards and Churchill, ibid., 1898, 
28, 313). 

The depression of the temperature, at which sodium sulphate 
decahydrate is transformed into the anhydrous salt and a solution 
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saturated with regard to this substance, on the addition of foreign 
soluble substances, was investigated by Léwenherz (Zeitsch. physikal. 
Chem., 1895, 18, 70). A constant representing the molecular lower- 
ing of the transition temperature was calculated, and by using various 
non-electrolytes—carbamide, glycocoll, dextrose, formamide, and 
glycerol—it was found that molecular weight values in close agree- 
ment with theory are obtained when the molecular depression of the 
transition temperature is taken as 32°6. 

This is the numerical value obtained for the constant when the con- 
centration of the foreign substance present is referred to 100 grams of 
the decahydrate. Since the lowering of the transition temperature is 
determined solely by the concentration of the foreign substance in the 
solution formed at this temperature, it may be doubted whether this is 
the most convenient way of evaluating the constant. In the authors’ 
opinion, the referring of the concentration to 100 grams of the solution 
in which the foreign substance is contained is a more convenient and 
correct procedure. The relationship between the two constants, calcu- 
lated in these different ways, is determined by the equation which 
expresses the change taking place at the transition temperature in 
terms of the composition of the solution formed. Since 100 parts of this 
solution contain 33°34 parts of Na,SO,, this equation may be written : 
Na,SO,,10H,O = 0:367Na,SO, + 0°100(100H,0,6°33NaSO,). 

From this, it follows that 100 parts of the decahydrate yield 87'3 
partsof solution, and the molecular lowering of the transition tempera- 
ture, when the concentration of the dissolved substance is referred to 
100 grams of the saturated solution, is 32°6 x nt = 28°5. 

Van’t Hoff and Dawson (Zeitsch. physikal. Chem., 1897, 22, 598) 
examined the influence of foreign substances on the temperature 
(116:67°, according to van’t Hoff and Meyerhoffer, idid., 1898, 2'7, 81) 
at which magnesium chloride hexahydrate is converted into the tetra- 
hydrate according to the equation : 


MgCl,,6H,O = 0:0795MgCI,,4H,0 + 0:0568(100H,0,16-2MgCl,), 


and found similar regularities, the value of the molecular lowering 
of the transition temperature referred to 100 grams of the solution 
being 76. 
The temperature (40-41°), at which rubidium racemate, 

(Rb,C,H,0,).,4H,0, 

1s converted into a mixture of the anhydrous d- and /-tartrates, 
was found by van’t Hoff and Miiller (Ber., 1898, 31, 2206) to be 
§ ‘depressed on the addition of rubidium carbonate. The molecular 
lowering, referred to 100 grams of rubidium racemate, was calculated 
tobe 100. Since the saturated solution at the transition temperature 

AA2 
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contains 13°48 molecules of tartrate per 100 molecules of water, the 
change taking place may be written: 
(Rb,C,H,0,),,4H,O = 0°73d-Rb,C,H,0, + 0°73/-Rb,C,H,0, + 

. 0:040(100H,0,13-48Rb,C,H,0)), 


According to this, 100 parts of racemate yield 34:4 parts of solution, 
and the molecular lowering of the transition temperature referred to 
100 grams of the solution is therefore 108 x act 37°1. 

So far as the authors are aware, these isolated observations are the 
only ones relating to the depression of transition temperatures by 
foreign substances, which can be utilised for the evaluation of con. 
stants for the purpose of molecular weight determinations. 

In the experiments recorded in this paper, three further changes 
have been investigated and constants which represent the molecular 
lowering of the temperature of transition have been calculated. 

The apparatus used was similar to that described by Meyerhoffer 
(Zeitsch. physikal. Chem., 1897, 22, 619), effective mixing of the reacting 
phases being achieved by means of a rapidly rotating perforated 
cylindrical stirrer surrounding the Beckmann thermometer on whieh 
the temperature readings were made. By means of a small electric 
motor with an easily adjustable resistance in circuit, the stirrer could 
be made to revolve with any desired rapidity and the rate of rotation 
maintained practically constant throughout each experiment. During 
the period of supercooling and subsequent rise of temperature, the tube 
containing the reaction mixture was surrounded by a wider glass tube, 
which was immersed in a regulated water thermostat having a tempera- 
ture a few degrees below the transition temperature under investiga- 
tion. As a readily soluble foreign substance, carbamide was used to 
depress the investigated transition temperatures. 

Transformation of Sodium Thiosulphate Primary Pentahydrate into 
Primary Dihydrate.—At about 48°, sodium thiosulphate primary 
pentahydrate loses 3 molecules of water and yields the corresponding 
dihydrate (compare Young and Burke, J. Amer. Chem. Soc., 1906, 28, 
315) together with a solution which at the transition temperature 
contains 159°8 parts of sodium thiosulphate per 100 parts of water. 
Corresponding with this, the change taking place may be represented 
by the equation : Na,S,0,,5H,O =0°14Na,8,0,,2H,0 + 

0-0472(100H,0,18-20Na,S,0,). 
From this equation, the quantity of solution yielded by a given weight 
of sodium thiosulphate of determined conposition can be readily 
calculated. 

From 65 to 100 grams of recrystallised thiosulphate were used in each 
experiment, the temperature being maintained at 55—60° until the 
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primary pentahydrate had completely disappeared. When the system 
had been supercooled to the extent of about 0°5°, a crystal of the 
primary pentahydrate was added. In order to prevent surface 
evaporation, the partly fused mass was in some cases covered with 
a layer of heavy petroleum, but this was not found to have any definite 
influence on the results obtained. Table I contains the recorded ex- 
perimental data, the composition of the thiosulphate used being 
indicated in the first column : 


TaBLeE I. 


Composition of Weight of Weight of Observed lowering Molecular 

thiosulphate. thiosulphate carbamide — of temperature. lowering. 
in grams. in grams, 
Na,$,03,5°007 HO 65°4 0°4425 
Ya,8,05,5°03 HO 90°06 0°7195 
Nay$,0.,5°007 HO 65°6 0°6940 
Na,;0,,5°03 H,O 102°5 1°4055 
Nay$,05,5°03 H,O 90°06 1°2605 


Mean 


Referred to 100 grams of the saturated transition solution, the 
depression of the transition temperature is therefore 43° per gram- 
molecule of foreign substance present. 

Transformation of Sodium Bromide Dihydrate into Anhydrous Sodium 
Bromide.—The saturated solution at the temperature of transition 
(507°) contains 117-4 parts of sodium bromide per 100 parts of water. 
The change which occurs at this temperature may therefore be 
represented by the equation : NaBr,2H,O = 0°589NaBr + 

0:02(100H,0,20°54NaBr), 
according to which 100 grams of the dihydrate yield 56°36 grams of 
the saturated solution. 

About 100 grams of sodium bromide (NaBr,0°035H,O) and 35 
grams of water were heated at about 60° with vigorous stirring of 
the contents of the tube until a saturated solution of the anhydrous 
salt was obtained. The system was then allowed to cool in the air 
until the transition temperature was approximately reached, when the 
tube was placed in its outer jacket immersed in a thermostat at a 
temperature of 43—45°. Table II contains the experimental data : 


TaB_eE II. 


Weight of Weight of Weight of Observed Molecular 
bromide water carbamide lowering lowering. 
in grams. in grams. in grams. of temperature. 
101°7 34°56 0°4905 0°370° 34°7 
103°0 36°20 0°5685 0°415 35°1 
101:7 34°66 0908 0680 34°5 
103-0 36°20 1°0535 0°738 33°7 


Mean 
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Referred to 100 grams of the transition solution, one gram-molecule 
of foreign substance depresses the transition temperature 345°, 

Formation of Tachhydrite from Calcium and Magnesium Chloride 
Hexahydrates.—When the hexahydrates of calcium and magnesium 
chloride are intimately mixed and gently warmed, the two simple salts 
react to-form the double salt tachhydrite, CaCl,,2MgCl,,12H,0, 
Taking into account the composition of the saturated solution which is 
formed at the transition temperature by the water set free in the 
reaction, the change may be represented (van’t Hoff and Kenrick, 
Sitzungsber. K. Akad. Wiss. Berlin, 1897, 508) by the equation : 


MgCl,,6H,0 + 1:188CaCl,,6H,0 = 
0-252CaCl,,2MgCl,,12H,O + 0:101(100H,0,9-27CaCl,,4-92MgCI,) 


The temperature at which this change takes place under atmospheric 
pressure can be determined with great precision, and has been given by 
one of us (Dawson, Zeitsch. physikal. Chem., 1902, 39, 27) as 22°40° 
At this temperature, the solution (100H,0,9°27CaCl,,4-92Mg(I,) is 
in equilibrium with three solid phases: tachhydrite, calcium chloride 
hexahydrate, and magnesium chloride hexahydrate. 

In the experiments recorded here, about 50 grams of crystallised 
magnesium chloride and 60 grams of crystallised calcium chloride, 
corresponding approximately with the proportions of the two substances 
on the left side of the above equation, were heated at a temperature 
not exceeding 30° until the formation of tachhydrite was complete. 
The mixture was then allowed to cool slowly in the air until the 
temperature had fallen to nearly 22°, when the tube containing it was 
placed in its outer jacket immersed in a thermostat at 19—20°. 
When the desired amount of supercooling, 0°3° to 0°4°, had been 
obtained, minute crystals of the two simple chlorides were added to 
start the reaction represented by the equation in the direction from 
right to left. 

The calcium chloride used had the composition CaCl,,6°07H,0 ; the 
magnesium chloride corresponded with the formula MgCl,,6:11H,0. 
The small amounts of water, in excess of that required for the pure 
hexahydrates, give rise to the formation of a considerable amount 
of solution, but this can be calculated from the known composition of 
the solution. This may be illustrated in reference to the first 
experiment in table III. The 52-9 grams of MgCl,,6-11H,0+61% 
grams of CaCl,,6°07H,O correspond with 0°2576 molecule of 
MgCl,,6H,O +0°2795 molecule of CaCl,,6H,0+0°0480 molecule of 
water. If « and y denote the number of molecules of MgCl,,6H,O and 
CaCl,,6H,O dissolved by 0°048 molecule of water, and if z similarly 
denotes the number of formula weights of the solution 

(100H,0,9:27CaCl,,4-92MgCl,) 
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which are thereby formed at the transition temperature, we obtain 


the equation : 
MgCl,,6H,O + yCaCl,,6H,0 + 0°048H,0 = 
2(100H,0,9°27CaCl,,4°92MgCl,), 
from which, by equating corresponding terms, we have : 
a=4:92z, y=9°27z, 1002 = 6x + 6y + 0°048 
or 2#=0°0299, y=0°0159, 2=0°00323. 

The weight of saturated solution which results from the excess of 
water in the crystallised magnesium and calcium chlorides amounts 
therefore to zx formula weight of solution: 

(100H,0,9°27CaCl,,4°92MgCl,) = 2 x 3300 = 10°66 grams, 
which is about one-eighth of the total weight of solution yielded by 
the formation of tachhydrite. From this, it is evident that a careful 
estimation of the water content of the substances employed in the 
experiments is necessary before the weight of the solution in which 
the foreign substance is dissolved can be ascertained. Table IIT 
contains the data for three experiments : 


TaB_e III. 


Weight of Weight of 
magnesium calcium Weight of Weight of Observed 
chloride chloride solution carbamide lowering of = Moleculat 
in grams. in grams, _in grams. in grams. temperature. lowering. 
§2°9 61°6 80°8 0°3812 0°410° 52°4 
49°75 61°45 80°4 0°4274 0°430 48°6 
49°48 64°45 84°2 0°4562 0°455 50°5 


Mean......... 505 


When the complex nature of the change involved in the tachhydrite 
formation is considered, the concordance of the values obtained in 
the three independent experiments must be considered very satis- 
factory. 

Some further experiments, made to determine the depression of the 
temperature at which sodium carbonate decahydrate is transformed 
into a lower hydrate, have not given sufficiently concordant results to 
justify their inclusion in the present paper, and these experiments are 
being continued. 

The changes in multi-component systems, for which the depression 
of the characteristic transition temperatures on the addition of small 
quantities of foreign substances has been quantitatively determined, 
are summarised in the following table. ‘The equations representing 
the changes in terms of the various transition solutions, and the values 
of the molar depressions, referred to 100 grams of these solutions, 
are given. By means of these constants, determinations of the 
molecular weights of substances in aqueous solutions may bo made at 
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a series of temperatures between 0° and 100°. Between the values of 
the constants, the heat changes associated with the chemical processes, 
and the temperatures at which the transitions occur, a similar 
relationship exists as is well known to hold between molar freezing. 
point depressions, latent heats of liquefaction, and absolute freezing 
temperatures in the case of pure liquids. 


Chemical change. Molar depression, 
Mec, BHO" - ae 367 Na,SO, + 0° 10( 100H,0, 6° 33Na,S0,) 


(RCH O)o4H, O= 0° 73d. "Rb,C,H 405+0° 730° Rb.C, Hy, Og s+ 
0:04(100H,0, 13°48Rb.C,H,0,) 
Na,$,0,,5H,0 =0°14Na,$,0,,2H,0 + 0°0472(100H,0,18°20Na,8,05) ... 
NaBr,2H,O =0°589NaBr + 0:02(100H,0,20°54N aBr) 
MgCl,,6H,0 + 1°188CaCl,,6H,0 = 0'2520aCl,,2MgCl,,12H,0 + 
0° 101(100H,0, 9°27 CaCl. o,4°92MgCl,) 


ADDENDUM. 


Since the above experiments were completed, two papers have 
appeared bearing the title “Molten Hydrated Salts as Solvents for 
the Freezing-Point Method.” In the first (J. Amer. Chem. Soc., 1907, 
29, 1168), J. L. R. Morgan and H. K. Benson have examined the 
influence of foreign substances on the freezing points of CaCl,,6H,0, 
LiNO,,3H,O, and Na,CrO,,10H,O, and in the second (ibid., p. 1439), 
Morgan and F. T. Owen have determined the molar freezing-point 
depressions of Ca(NO,),,4H,O, Zn(NO,),,3H,O, and of Mn(NO,),,3H,0. 
The invariant points involved in these cases appear to be true freezing 
points, although in the case of sodium chromate it is not quite clear 
whether the temperature investigated is the melting point of the 
decahydrate or the temperature at which this is converted into the 
hexahydrate. The authors, however, appear to regard their work as 
a continuation of that of Lowenherz (/oc. cit.) on sodium sulphate, 
but this is not the case, for the change which Na,SO,,10H,O under- 
goes at 32°4° is accompanied by the appearance of a new solid phase. 


PHYSICAL CHEMISTRY LABORATORY, 
THE UNIVERSITY, LEEDs. 


XXXIV.—Malacone, a Silicate of Zirconium. 


By ALEXANDER CHARLES Cummina, D.Sc. 


A RECENT paper by Kitchin and Winterson (Trans., 1906, 89, 
1568) has directed attention to malacone, and to the fact that it is the 
only mineral known to contain argon. It is radioactive, and these 
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authors were the first to find uranium in it, although Strutt (Proc. 
Roy. Soc., 1904, '73, A, 191) had previously suggested that this metal 
was present. 

The identity of the zirconium was proved by Kitchin and Winterson, 
who prepared from the mineral a pure sample of zirconium oxychloride. 
The crude zirconium oxychloride gave a ratio of 1 : 1-824 for zirconium 
tochlorine, as against 1: 2-01 for a sample of zirconium oxychloride of 
known purity, and it was only after thirteen recrystallisations from 
alcohol that they obtained a pure specimen of zirconium oxychloride. 
The authors found that their crude oxychloride contained some 
uranium, but the total uranium found in the mineral was insufficient 
to affect appreciably the purity of the zirconium oxychloride. 

When the mineral had been separated into its constituents, Kitchin 
and Winterson found that the radioactivity emanated from the 
zirconia. This was a surprising observation, as the zirconia had been 
boiled with hydrochloric acid, which should have extracted any 
ordinary radioactive material, and zirconium salts are not themselves 
radioactive. It seemed, therefore, desirous that these facts should be 
further investigated. 


EXPERIMENTAL. 


A complete analysis of the mineral was not thought necessary, but, 


in the course of certain separations, values for the silica and zirconia 
were obtained which differed considerably from those given by 
Kitchin and Winterson. The results obtained, together with those of 
previous investigators, are given in the following table: 
Locality of specimen. Authority. SiO,. ZrO,. SiO,+Zr0,. 
Hitteré Scheerer ! 31°31 63°4 
IImengebirge ... Hermann? 31°87 59°8 
Chanteloupe ... Damour® 30°87 61°17 
Chanteloupe ... Rammelsberg * 31°05 61°44 

Kitchin and Winterson® 22°53 67°8 

Cumming 32°3 60°5 
: Scheerer (Pogg. Ann., 1844, 62, 436). 
* Hermann (J. pr. Chem., 1851, 58, 32). 
® Damour (Ann. Chim. Phys., 1848, 24, 87). 


* Rammelsberg (Mineralchemie, p. 891). 
5 Loc. cit. The specimens examined by Kitchin and Winterson and by myself 


were obtained from the Christiania Mine Kompani. 

The results obtained thus agreed well with those of early inves- 
tigators and with the formula (ZrO,,SiO,) for the silicate, but differed 
widely from those of Kitchin and Winterson. The explanation 
probably lies in the unusual stability of zirconium silicate towards 
hydrofluoric acid. Repeated evaporations, usually about ten, are 
necessary to drive off all the silica. There is a possible source of error 
in this process, as it was found that zirconium was also readily 
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expelled unless a large amount of sulphuric acid was present. After 
treatment, the zirconium is left mainly as zirconium sulphate, and, if 
the quantity exceeds 05 gram, prolonged ignition is necessary to ensure 
complete reduction to oxide. 

Identity of the Zirconiwm.—The change of sulphate to oxide on 
ignition was adopted as a test of the identity of the zirconium salts 
obtained from malacone. It was carried out as follows: a small 
unweighed ‘sample of the oxychloride was placed in a _ platinum 
crucible, concentrated sulphuric acid added, the mixture evaporated 
gently to dryness, and weighed as sulphate. More sulphuric acid was 
then added, and again evaporated. The weight was usually unchanged, 
The residue was then strongly ignited until of constant weight, and 
weighed as oxide. 

The results of some of the blank experiments were as follows : 

Weight as Weight as Oxide in 
Salt used. sulphate. oxide. sulphate, per cent, 
Zirconium nitrate 1°0607 0°4518 42°6 
Zirconium oxychloride. 0°3054 0°1315 43'2 


0°8804 0°1718 45°2 
Uranium acetate 0°1552 73°6 


The theoretical percentage of oxide in pure zirconium sulphate is 
43:4, It was found that values between 43:2 and 43°5 could always be 
obtained by starting from pure zirconium oxychloride. Expt. 3 is the 
result with a specimen to which a little uranium acetate had been 
added ; it was further distinguished from a pure zirconium salt, as the 
oxide obtained was green, whilst pure zirconia is white. The 
results for pure uranium acetate agree with the probable change, that 
is, from uranyl sulphate, UO,SO,, to uranyl oxide, U,O,, the theoretical 
percentage of oxide being 74°8. 

The oxide to sulphate ratio was thus proved to be a good test 
of the purity of a zirconium salt, particularly as regards uranium. 

Partial Separation into Constituents.—After removal of the silica, a 
very convenient separation was effected by boiling for about one hour 
with concentrated hydrochloric acid containing a little nitric acid. 
The residue was found to be almost pure zirconia, and very little of 
the zirconia had dissolved. These two portions were examined 
separately, and are referred to later as the acid-soluble portion and 
part insoluble in acid respectively. 

Part Insoluble in Acid.—9'986 Grams of this part were treated with 
hydrofluoric acid to remove most of the silica. After ignition, the 
weight was 7'22 grams. ‘This was made into balls with wood char- 
coal and sugar, and the mixture heated in a covered crucible. The 
coke-like mixture was then ignited in a stream of chlorine saturated 
with carbon tetrachloride at about 60°. 


“ > 
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A white, crystalline chloride was collected, which proved to be 
zirconium tetrachloride. This was washed with water, with which it 
reacted vigorously, and yielded on evaporation 7'2 grams of oxy- 
chloride. 

The residue in the tube weighed 3‘1 grams, part of which was the 
ash from the 15 grams of charcoal used. 

The oxychloride was found to give all the ordinary tests for 
zirconium. A trace of iron was present, but no uranium could be 
detected. The equivalent was determined with the following result : 

0'1664 gram of oxychloride gave 0°1920 gram of sulphate. 

Weight as oxide = 0°0836 gram. 

Oxide in sulphate = 43°6, 

The theoretical value for zirconium is 43:4 per cent. 

On account of the ash, it was useless to proceed further with this 
experiment. An attempt was next made to test the homogeneity of 
the part of malacone insoluble in acid by fractional chlorination. 

For this purpose, 20 grams of the part insoluble in acid were 
evaporated once with hydrofluoric and sulphuric acids to remove the 
bulk of the silica. After ignition, the residue weighed 15°51 grams. 
This was mixed with sugar-carbon and chlorinated, but after five 
hours’ chlorination the chloride obtained yielded only 0°62 gram of 
oxychloride (fraction A). 

The sugar-carbon was burnt off, as it was evidently unsuitable, and 
wood charcoal, which had been boiled for some hours in concentrated 
hydrochloric acid, substituted. 

The second chlorination yielded 452 grams of oxychloride 
(fraction B). The third chlorination yielded 7°95 grams of oxy- 
chloride (fraction C), and the fourth chlorination yielded 2°9 grams 
of oxychloride (fraction D). The carbon and silica were removed 
from the residue, which then weighed 2:1 grams (fraction £). 


Weight of sample . 
Total r m . Percentage oxide 


Fraction. weight. as sulphate, as oxide. in sulphate. 
A 0'62 0°5196 0°2238 43°2 
B 4°52 0°2047 0°0875 428 
C 7°95 0°1302 0°0565 43°4 
D 2°90 0°5025 02200 43°7 


For zirconium, the amount of oxide in sulphate is 43°4 per cent, 
Each fraction gave all the zirconium tests, and in all cases the oxide 
obtained was pure white; a trace of iron was noticed in each case, 
and with fraction A a yellow colour was obtained with hydrogen 
peroxide, which probably indicated the presence of titanium in this 
fraction. In no case could uranium be detected, although it was 
carefully tested for, and could be readily recognised if a trace were 
afterwards added. Fraction Z, the residue from the chlorinations, 


SFC6CFE 


e 


354 CUMMiNG: MALACONE, A SILICATE OF ZIRCONIUM. 


was qualitatively examined and found to contain zirconia, a ferric 
salt, and a calcium salt, the latter being probably derived from the 
charcoal. 

Radioactivity.—The part of malacone which did not dissolve iy 
hydrochloric acid, that is, the zirconia and silica, was found to be non- 
radioactive. This was ascertained by placing 20 grams in a flask with 
some dilute hydrochloric acid and exhausting the flask. At the end 
of a week, some air was admitted and then pumped off in the usual 
manner, but no evidence of radioactivity was found. As a further 
test, 19 grams of the crude oxychloride collected in the various 
chlorinations were kept in an exhausted flask for seven days, and the 
flask washed out thoroughly with successive small quantities of air, 
The oxychloride proved so completely free from any radioactive 
material that this air did not affect the leak of an electroscope which 
had a period of eight hours per twenty divisions. 

At first sight, this is in direct opposition to the experience of 
Kitchin and Winterson, who found that all the radioactive matter 
remained with the zirconia, but the explanation is probably to be 
found in the different previous treatment. In their case, the malacone 
had been fused with fusion mixture, and they mention that it was 
necessary to use ten times as much fusion mixture as mineral. It is 
very possible that this contained sufficient sulphate to transform any 
traces of barium, calcium, or strontium into sulphates, and these 
would carry down also the radioactive matter as radium sulphate, 
which would not dissolve in the hydrochloric acid, but would remain 
with the precipitated zirconia. 

Part Soluble in Acid.—This part was found to contain all the radio- 
active matter. The emanation from the portion of 100 grams of 
malacone soluble in acid was collected and introduced into an electro- 
scope in the usual manner. 

Several measurements were made of the time taken for the activity 
to fall from its maximum to one-half, and the results varied between 
35 and four days. In all cases, the activity had almost reached the 
maximum value two hours after introduction into the electroscope, 
and after three hours began to fall. 

There seems, therefore, no reason to suspect the presence of any 
radioactive element other than radium, so that the presence of argon 
cannot be explained on this ground. 


Summary. 


The formula ZrO,,Si0, corresponds more closely with the observed 
composition of malacone than does the formula 3Zr0,,2Si0, which 
has been recently assigned to it. A detailed examination gave no 
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reason for doubting the identity of the zirconia, or to suspect the 
presence of an unknown impurity. The radioactivity can be 
sufficiently explained by the presence of radium. 


This investigation was undertaken at the suggestion of Sir William 
Ramsay, to whom my best thanks are due. I desire also to thank 
Dr. A. McKenzie for facilities to continue the work at Birkbeck 
College. 


UNIVERSITY COLLEGE, 
BIRKBECK COLLEGE, Lonpon. 


XXXV.—The Influence of Solvents on the Rotation of 
Optically Active Compounds. Part XI. Ethyl 
Tartrate in Aliphatic Halogen Derivatives. 


By Tuomas Stewart Patrerson and Davin THomson, M.A., B.Se. 
(late Carnegie Research Scholar). 


Iv a former part of this investigation (Trans., 1905, 87, 313), it has 
been shown that the influence of chloroform in modifying the rotation 
of ethyl tartrate is of particular interest, since it was found that the 
specific rotation of dilute solutions of the ester is unusually low, 
whilst the corresponding molecular solution-volume has a higher value 
than in other solvents hitherto examined. Support was thus lent 
to the suggestion that the rotation of ethyl tartrate in solution varies 
inversely with molecular solution-volume, and it seemed of some 
importance to ascertain whether in other halogen-containing solvents, 
especially perhaps in those of density greater than chloroform, this 
regularity might be traced still further. 

The following pages give an account of work carried out with this 
object. The solvents used were methylene chloride, carbon ‘tetra- 
chloride, ethylene chloride, ethylidene chloride (as-dichloroethane), 
acetylene tetrachloride (s-tetrachloroethane), bromoform, ethyl bromide, 
ethylene bromide, acetylene tetrabromide (s-tetrabromoethane), methyl 
iodide, methylene iodide, and ethyl iodide. Three or four solutions of 
ethyl tartrate in each of these solvents were prepared and their 
rotations determined at several temperatures. From the data obtained, 
the specific rotations at 20° have been arrived at by interpolation, 
whilst from the density observations the corresponding molecular 


solution-volumes have been obtained. 
We had hoped that these two variables would be found to show the 
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same relationship as in other cases, but in this we were, in large 
measure, disappointed, although the relationship does hold to some 
extent. Thus in all the solvents under consideration the rotation of 
the dissolved ethyl tartrate is depressed below that of the homogeneous 
ester, whilst, on the other hand, the molecular solution-volume 
becomes greater than the molecular volume. Amongst the individual 
data, also, an inverse proportionality often obtains, but a correlation 
between the two variables cannot be traced through all the solvents 
examined, since exceptions are both numerous and important. 

It is unnecessary to discuss our results in any great detail; the 
chief points of interest can best be seen from the four accompanying 
diagrams, which summarise the research, and in which specific 


Fie. 1. 
Ethyl Tartraic in Methylene Chloride, Chloroform, and Carbon Tetrachloride at 20°, 
+8° 
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rotation is plotted relative to concentration. The molecular solution- 
volume curves are not given, as they are all of one type and can 
be just as well represented by numbers as by graphs.* 

In Fig. 1 are shown the concentration-rotation curves for methylene 
chloride, chloroform,t and carbon tetrachloride. The curves are of a 
similar character, but lie perhaps scarcely in the order that .might 
have been expected. At a concentration of p= 30, the lowest (greatest 
negative) rotation is found in methylene chloride and the highest in 
carbon tetrachloride, but at great dilution the rotation in methylene 
chloride lies between the values in the other two solvents. ‘This is due 

* The experimental data are collected together at the end of the paper. The 


interpolated values for the density of the pure solvents (p=0) at 20°/4° and for 
[a}2” of the various solutions are given with the molecular solution-volume data on 


p. 371. t+ See footnote (*) p. 357. 
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to the occurrence in each case of a concentration of minimum rotation, 
which in chloroform. is scarcely perceptible, in carbon tetrachloride is 
clearer (p= 20; [a] +1°35°), and in methylene chloride is still more 
distinct (p= 20; [a]p” —2°83°). 

To compare the rotations of these solutions with the molecular 
solution-volumes, both at infinite dilution, we have the following 


table: 
Solvent. {a}. M.S. V.2°, 
Carbon tetrachloride ............ +1°'9° 173°9 c.c, 
Methylene chloride............... -1°6 Tet |; 
OWIOTORONTA c.5 cacccccesscasmacenves - 3°0* oe Oe: a 


These numbers stand in inverse order, the lowest rotation corre- 
sponding with the greatest solution-volume, and they therefore 
exhibit the relationship we had expected to find, but it must be 
admitted that the very small difference between the molecular 
solution-volume in methylene chloride and carbon tetrachloride seems 
scarcely sufficient to account for the considerable difference in 
rotation. 

In Fig 2 are shown curves for the other chlorides examined. It 
will be observed that those for ethylidene chloride and methylene 
chloride (Fig. 1) are very similar, so that the substitution of one of the 
hydrogen atoms in the latter compound by a methyl group causes very 
little change in the solvent influence of the resulting ethylidene 
chloride. A minimum rotation is somewhat more pronounced in 
ethylidene chloride (p= 25 ; [a]>” — 3°), but the value of the rotation 
at infinite dilution is very nearly the same in both. 

On the other hand, a distinct difference is noticeable between the 
solvent influences of ethylene chloride and ethylidene chloride. From 
p=100 to p=35, the two curves lie very close together, but at less 
concentrations they diverge. The rotation in ethylene chloride 
continues to diminish, and no concentration of minimum rotation is 
apparent, 


The introduction of two chlorine atoms into the molecule of 
ethylene chloride to form acetylene tetrachloride is attended bya very 
considerable change in solvent influence. In the latter solvent, the 
rotation of the dissolved ethyl tartrate diminishes very rapidly with 


* Reproduced from Trans., 1905, 87, 313, where the rotation at infinite dilution 
was taken as — 3°2°, the slightly higher value in a solution of p=2 ([a]?” —3°1°) as 
compared with that for a solution of p=8°99 ([a]” —3°15°) being attributed to 
experimental error. On account of the behaviour of carbon tetrachloride and 
methylene chloride, however, it is probable that a concentration of minimum rota- 
tion exists in chloroform solution, and that the rotation at infinite solution is —3*0° 
instead of —3°2° as formerly assumed. 

+ We are of opinion that this value is rather too high. 
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diminishing concentration, attaining ultimately to a value of — 16-9 
inactivity being already reached in a solution of p=66°5. The total 
depression of rotation (from + 7°76° to — 16°6°) is thus more than twice 
as great as in ethylene chloride. It is noticeable, also, that this curye 


Fie. 2. 


Ethyl Tartrate in Ethylidene Chloride, Ethylene Chloride, and Acetylene Tetra. 
chloride at 20°. 
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is concave with reference to the lower right-hand corner of the 
diagram. ‘The other curves are convex. 

The values for the molecular solution-volume of ethyl tartrate in these 
solvents are of considerable interest, since in acetylene tetrachloride, 
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where the rotation is so unusually low, the volume should be corre- 
spondingly great : 


[a]? M.S.V.2" 
Solvent. (infinite dilution). (infinite dilution). 
Ethylidene chloride . 172°8 c.c. 
Ethylene chloride : 1760 ,, 
Acetylene tetrachloride . 1734». 

It will be seen from the table that the inverse proportionality 
between the two variables does occur in the first two solvents. The 
rotation is lower and the solution-volume greater in ethylene chloride 
ihan in ethylidene chloride, but it is not possible to reconcile the data 
for acetylene tetrachloride with those for the other two solvents ; the 
solution-volume does not show an increase by any means correspond- 
ing with the very low value of the rotation. 

Curves representing the behaviour of the solvents containing 
bromine are shown in Fig. 3. The specific rotation of the ethyl 
bromide solutions diminishes fairly rapidly with increasing dilution, 
so as to become zero at p=38. In solutions less concentrated than 
this, the rotation varies more slowly, and after p=10 there is 
practically no change. A concentration of minimum rotation perhaps 
occurs, but if so, it is by no means distinct. 

In bromoform, the rotation varies less with dilution than in ethyl 
bromide, never falling below zero. In addition, the curve is concave, 
and thus presents a distinct contrast to the curves for ethyl bromide 
and the chlorides. Bromoform, it may also be noticed, has a much 
less pronounced effect than chloroform. 

From Figs. 1 and 2, it will be seen that ethylene chloride is similar 
to chloroform in its solvent influence, but somewhat more powerful. 
In an analogous manner, ethylene bromide* gives a curve of the same 
type as bromoform, concave, and at the same time is vastly more 
powerful. The influence of ethylene bromide becomes greater as the 
dilution increases, so that as the concentration changes from p=10 to 
p=0 the rotation falls from — 10° to —18°8°, or one-third of the total 
change. 

The introduction of two more bromine atoms into the molecule to 
form acetylene tetrabromide is not attended by any very marked 
alteration in solvent influence, and is thus in distinct contrast to the 
behaviour observed in the case of the corresponding chlorides, acetylene 
tetrachloride having, as has been pointed out, a very much greater 
effect than ethylene chloride. The curve for acetylene tetrabromide 


* The data from which the curve is plotted are those given by Winther, ‘‘ Bidrag 
til den optiske drejnings Teori,” Kpbenhavn, 1907, p. 34; Zeitsch. physikal. Chem., 
1907, 60, 578. The one solution examined by us is represented by a cross in the 
diagram. Our value, —14°3°, for a solution of y=5°59 agrees well with Winther’s 
value of — 14°16° for a solution of p=5°53. 
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is concave like those for bromoform and ethylene bromide ; for mor 
concentrated solutions, the influence of acetylene tetrabromide is some. 
what less than that of ethylene bromide, but in very dilute solution 
the effects produced by these two solvents are practically the same, 


Fic. 3. 


Ethyl Tartrate in Bromoform, Ethyl Bromide, Ethylene Bromide, and Acetylene 
Tetrabromide at 26°. 
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In the table below are given data for solution-volume and rotation in 
these bromides : 
[a]? M.S.V.2” 
Solvent. - (infinite dilution). (infinite dilution), 

Bromoform : 177°0 ¢c.c. 
Ethyl bromide “9! 172% ,, 
Ethylene bromide ............... ‘ 176°7 ,, (p=5°) 
Acetylene tetrabromide 0° 1768 ,, 


(cetylene 
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Acetylene tetrabromide and ethylene bromide, in which the rota- 
tions are very low and almost equal, give solution-volumes which are 
high and almost equal, whilst in ethyl bromide a much higher rotation 
js accompanied by a considerably smaller solution-volume, but it is 
obvious that the data for bromoform are entirely out of harmony with 
the others ; the rotation is higher than in ethyl bromide, whilst the 
volume is even greater than in acetylene tetrabromide. 

In Fig. 4 are shown curves for the iodides examined. Methyl iodide 
affects the rotation of ethyl tartrate in somewhat the same manner 
and to much the same extent as does carbon tetrachloride. The curve 
is of the convex type, like those for the chlorides; it does not cut 


Fig. 4. 
Ethyl Tartrate in Methyl Iodide, Methylene Iodide, and Ethyl Iodide at 20°. 
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the zero axis, and there seems to be no concentration of minimum 
rotation. 

The curve for ethyl iodide is similar to that for methyl iodide, but 
lies wholly below it. The substitution of one of the hydrogen atoms 
in methyl iodide by a methyl group causes therefore a greater 
depressing influence in the resulting, as compared with the original, 
substance. A similar, but less decided, effect was noticed in comparing 
methylene chloride and ethylidene chloride. It might perhaps have 
been expected that the greater the proportion of halogen in the 
solvent the greater would be the effect produced, but this is not the 
case, as is shown by the above instances as well as by several others 
recorded in this paper. 

We also attempted to use methylene iodide as a solvent, but were 
surprised to find that ethyl tartrate is only very slightly soluble in 


it, so that we were unable to examine more than one mixture, the 
BB 
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specific rotation of which (— 0°8) lay between those for methy] iodide 
and ethyl iodide. 

Below are given the molecular solution-volume data for these solvents, 
They relate to concentration p=1°4, since the only solution jp 
methylene iodide was of this strength : 


Solvent. [a}°” (p=1°4). 
MMU II docs ksiscevcecneses 
Methylene iodide 


Ethyl iodide 


M.S. V.2" (p=14), 
179°0 c.c. 
1777 ,, 
aes: 4 

The solution-volume in these three iodides is high ; in methy] iodide 
greater than in any other solvent previously examined. The values of 
the rotation, however, are not by any means in agreement with this, 
being in all three cases, in spite of the great density of the solvents, 
comparatively little depressed and standing, further, in the opposite 
relationship to solution-volume from what was to be expected. In 
methyl iodide, where the solution-volume is greater, the rotation is 
also greater than in ethyl iodide, whilst for methylene iodide and ethyl 
iodide, in which the volume is almost the same, the rotation is distinctly 
different. 

The method which we have adopted here, that, namely, of dealing 
with the solvents in classes, is probably the most favourable that 
could be chosen for exhibiting any presumed relationship, and yet 
even in these circumstances exceptions to the suggestion that specific 
rotation varies inversely with solution-volume are numerous and 
striking, and we do not wish to minimise them. When the solvents 
are considered indiscriminately, the exceptions become, of course, 
more obvious, as will be seen from the following table, in which all 


[a]?° M.S. V.7° 
ofethyl of ethyl 
tartrate tartrate 
(infinite (infinite dilu- 
dilution). tion) in c.c. 


Heat of 
disgrega- 
tion.§ 


Diel. 
Solvent. const.t 


Carbon tetrachloride ... ..... 


Methyl iodide 
Bromoform 


Methylene iodide (py=1°4).. 


Ethyl] bromide 
Ethylidene chloride 
Methylene chloride 
Ethy] iodide 
Chloroform 

Ethylene chloride 
Acetylene tetrachloride 
Acetylene tetrabromide 
Ethylene bromide 


* Schiff, Annalen, 1888, 223, 72. 


t Landolt, Bornstein, 


173°9 
1798 
jee ae | 
lai'7@ 
172°6 
172°7 
174°1 
178°3 
177°5 
176°0 
173°6 
176°8 
176°8 


2°2 41°8 


‘1 
“4 
_ 55 
20-7} WT: 
20°8 10° 
26°87+ 
14°8t 
18°6 
24°6 
10‘88t 


8°9) 


19°6+ 49 


41°7 


54°7 
60°4 
79 
2°5 
2°9 
3°7 


6 
4 
5 
7 


39°3 


+ Caleulated according to Schiff’s formula. 
and Meyerhoffer, Tabellen, p. 769. 


§ Calculated from values of heat of vaporisation given in Landolt, Birnstem, 


and Meyerhoffer, Tabeller 


r, p. 505. 


See Trans., 1901, 79, 195 ; 1902, 81, 1107. 
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the data referred to are brought together. The solvents are arranged 
in order of magnitude of the rotation, and, since in former papers a 
certain connexion seemed traceable between rotation and surface 
tension, dielectric constant, and heat of disgregation, we have added 
values found by various observers for these three properties of the 
solvents used. 

It will be seen that there is certainly no greater apparent relation- 
ship between the numbers in the last three columns and the values of 
the rotation than exists between the latter and the data for solution- 
volume. 

Other suggestions which have been made to account for variation 
of rotation in solution are even less successful. It has been shown 
already (Trans., 1902, 81, 1113) that osmotic molecular weight in 
dilute solution seems to have no connexion with rotation, and a further 
illustration of this is to be found in the case of ethyl tartrate in 
ethylene bromide. As Winther (Bidrag til den optiske drejnings 
Teori, p. 42 ; Zeitsch. phystkal. Chem., 1907, 60, 584) has found, the 
cryoscopic molecular weight in very dilute solution is normal. Thus 
in water, benzene, and ethylene bromide, to take only three examples, 
the molecular weight of ethyl tartrate is normal, whilst the 
respective specific rotations are + 26°96° (Trans., 1904, 85, 1130), 
+6'1° (Trans., 1902, 81, 1107), and —18°8°. 

Reference has been made in the previous part of this investigation 
(Trans., 1907, 91, 1843) to the possibility of combination of solute and 
solvent. It is clear, so far as our solutions are concerned, that, since 
we have at present no means of determining the number of molecules 
of solvent that combine with one molecule of solute—if such combina- 
tion occurs at all—and, further, no means of determining the value 
of the equilibrium constant, an attempt to apply this idea would be 
premature. Certainly no indications of combination similar to those 
observed by Irvine (Trans., 1906, 89, 1568) or by Gennari (Zeitsch. 
physikal. Chem., 1896, 19, 130. See also Winther, Bidrag til den 
optiske drejnings Teori, p. 115; Zeitsch. physikal. Chem., 1907, 60, 681) 
have been met with by us in the course of these experiments. 


EXPERIMENTAL, 


The ethyl tartrate used had af +9°153°. The various solvents 
(which were obtained from Kahlbaum) were purified by washing with 
dilute alkali and with water, drying with calcium chloride, and 
distillation, either at atmospheric pressure with a Young column 
or under reduced pressure. 
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Ethyl Tartrate in Methylene Chloride. 


The boiling point of the methylene chloride was not very steady, 
The fraction used distilled between 40°25° and 41°75° at atmospheric 
pressure : 


I. p=5'11606. Il. p=9-74502, 
147° 207°) 24°1° 270° = 80°1° 16-2 204° 265° 
. —0°308 -0°204 -0°170 -0°116 -0°072 | -0°638 -0-480 -0-276 
-1°88 -157 -108 -067 | -308 -2:33 -1:35 
IIL. p=17:0966. IV. p=32°8988. 
e° 16°5° 21°3° 25-1 291° 167° 21°6° 256° 
af (160 mm.) —1°203 —0°929 -0°733 -0°497 | —2°050 -—1°538 -1:090 
-2°60 -2°06 -140 | -302 -~227 -1-62 


19°0° 26°9° 30°9° 32°3° 34°7° 
+0°280 +1°818 +2°588 =+2°862 +3°320 
+0°23 +1°48 +2°12 + 2°35 +2°73 


Densities determined : 


Solvent. i II. 
a, ———,, 
"» d. F. d. " d. 


18°05°° = 1°3397 19°34° =: 1°3 2865 18°57° = 132249 
20°77 1°33467 22°85 1°32246 21°25 1°31792 
26°23 1°32464 25°96 1°31693 28°13 1°30607 


IiI. , 2 
 ——i. ———, —— em, 

e. d. e. d. oe d. 
20°37° =: 11°380830 19°5° 1°28704 18°86° 1°24867 
22'11 1°30563 22°88 1°28207 21°42 1°24549 
27°20 1°29719 27°33 1°27536 26°45 1°23926 


Ethyl Tartrate in Carbon Tetrachloride. 
The carbon tetrachloride boiled very steadily at 75°75—75°84° : 


I. p=8'82387. 
1 19°5° =. 20°9° «25-2 
0°324 0°368 0°54 
1°48 1°68 2°49 


aie Seeenistponidate speck 16°7° 
a‘ (160 mm.)......... 0°467 
0°92 


223° *g 30°9° 35°3° 
2°014 2°53 2°894 3°170 
3°00 , 4°35 4°78 
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Densities determined : 


Solvent. I. II. Ill. 


d t d. t d t d 
f, , re , % 4 Ms i 
19'35°  1°59555 18°91° 155059 181° 1749349 20°08° 1°37606 
°8 1°59114 23°07 -1°54292 23°44 1°48459 23°38  1°37155 
304 1°5742 29°60 1°53091 27°56 ~=—«:1 "47761 25°64 1°36817 
582  1°5196 —_ — 29°54 1°47421 32°76 1°35838 


Ethyl Tartrate in Ethylene Chloride. 


The ethylene chloride used boiled very steadily at 82°97—83° under 
atmospheric pressure ; 


I, p=5°8702. If, p=11-733. 
159° 19°0° 398° 455° 139° 18°4° 36°9° — 41°5° 
af(160mm.) -—0°548 ~0°492 -0°202 -0°128 | -1°085 -0°943 -0°341 -0°171 
-465 -4:19 -176 -1°12 | -461 -403 -1:48 -0°75 


IIL. p= 22-0379. 


t 13°6° 16°8° 20°6° 24°2° 26°0° 29°6° 
af (100 mm.)... —1°249 -1°115 -0°891 -0°721 -0°607 -0°439 


[a] seers 4°54 -407 -327 -265 -224 ~1°62 


IV, p= 49-7182. 


© visitas 14°7° 18°2° 23°3° 27-2? 
af (100 mm.)...... —1°298 -0°906 -0484 +0°02 
- 1°48 -0°79 +0°03 


Densities determined : 


Solvent. : I, ik 
£ d rn d e d 
185? «125569 18°66° 1-25058 18°76" 1246380 
91:42 125141 20:27 —1'24829 20°96 124822 
27-15 124308 24-05 124287 31°72  1°22819 


Ul. IV. 
fe d acs 
18°15° 124076 ‘15° «122641 
20°92 -1°28711 65 1°22217 
30°65 «122404 12 1°21553 
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Lthyl Tartrate in Ethylidene Chloride. 
The ethylidene chloride boiled very steadily at 57°4—57°5° : 


I. p=4'64846. 
= 11°5° flay ig 9°6 22°8° 25°3° 27°8° 
—0°345 -0°269 195 -0°129 -0°091 +0°057 
—3°9 — 3°06 - 2°25 —1°48 -1°05 +0°66 
IL. p=10-6983. IIL. p=34:237, 
i inciaeaccas ee 14°0° 196° = 216° 120° =17°0° = 249° 270° 
a’(160 mm. ) —0°906 —0°798 -—0°544 -—0°452 —2°787 —2°215 ~—1°067 -0°789 
-3°93 -2°7 — 2°25 -4'°29 -3°40 -1°65 -1:22 


Densities determined : 


Solvent. a II. 


—— — 
cr. d. t. d. “wl d. 
17°6° 1°17922 19°91° 1°17658 19°27° =1°17915 19°9° 1°1855 
21°25 1°17354 23°17 1°17157 22°24 117471 25°28 1°17822 
29°25 1°16097 27°87 1°16445 28°97 1'16467 27°71 ~=—-:1°17504 


Ethyl Turtrate in Acetylene Tetrachloride. 


The acetylene tetrachloride boiled between 94° and 100° under 
15 mm. pressure : 


I, p=4-96198. 
e 21:2° 26°9° 31°5° 36°5° 
~2°075 -1'863 -1°643 -1°453 -1°283 
-14:93 -13'24 -11'76 -10-44 


IL. p=9-314. 
f°... 16°0° 22°3° 29°1° 33°4° 389°3° 48°2° 66°4° 72°3° 928° 1013 
a‘ (160 mm. )— 
—3°436 -—3-073 —2°617 —2°349 —1°923 —1°533 —0°705 —0°364 +0°252 +0°556 
[a}f— 14°81 —13°33 —11°42 -10°30 -848 -6°82 -3°19 -—1°66 +1°17 +2°6l 


Ill. p=38-062. 
” f 23°1° 27° 5 34°6° $7°6° 
a® (160 mm.).. 555g 5°08: "25: 3° —8°113 -2°415 
‘BE -3%5 -2°84 


Densities determined : 


Solvent. i HH, IV. 

“ ana, En, a, ier. 

f. d. e. d. e’, d. t’. d. 
182° 1°60303 18°79° 1°57512 21°68° 1°54838 17°76° 142309 
21°1 1°5985 22°23 1°56993 31°92  1°53320 23°41 1°41578 
26°62 1°58995 27°44 1°56203 32°50 1°5323 28°27 1740950 
29°27 1°5858 — one 41°0 1°5198 — — 

— — — — 71:2 1°4747 — _ 
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Ethyl Tartrate in Bromoform. 


The bromoform boiled at 40—47° under a pressure of 10—12 mm, 
(oil-bath, 80—90°) : 


1. p=7-0809. 
20°5° 
a’ (160 mm,)......... ¥ 0°295 
a , 0°99 


50°6° 59°1° 76°9° 
2°633 3°075 3°995 
511 6°76 


Densities determined - 
Solvent. a i Pg III. 


———_ Se ae, meme 

’. . e. d. e°. d. e. d. 
19°07° 2° 19°04° 2°62003 1 ‘5169 19°25° 2700405 
21:17 2°8869 22°56 2°61179 3 4751 22°67 + 1°99788 
25°75 = 2° 30°03 2°59402 5 "4270 32°17 = 1°9808 
7 3 


_ — — 780 me = 


. 


9° 2 
0 2 
0 2 
0 2 


2 
1 
2 
3 


Ethyl Tartrate in Ethyl Bromide. 
The ethyl bromide boiled very steadily at 57°8° : 


I. p=4°9815. II. p=10°92. III. p= 30-576. 
ifr 21°5° =. 268° 19°%° 21°5° 
-0°381 -0°240 ~-0°003 | (70 mm.) -0°193 -0°066 
-143 -0°91 -0°11 —0°66 —0°22 


IV. p=65-282. V. p=2-01598, 


16°6° = =23°5° = 24°7° Only the density of this solution 
1°319 1°910 2°003 | was examined. 
2°24 3°27 3°43 


* This series of observations was carried out with a different sample of bromoform 
from that used for the other two series. Unfortunately, by an oversight, its density 
was not determined, and, therefore, this solution does not appear amongst those for 
Which values of molecular solution-volume are given on p. 371. 
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Densities determined : 


Solvent. i II. 
—_— =—, 

4 “ d, . d. 
18°32° 1°46369 1°44652 18°95° 1°42832 
19°62 1°46107 1°44439 22°9 1°42090 
22°5 1°45523 1°44210 27°20 141242 


III. IV. V. 

A, ai . 

e, d. t. d. e. d, 
18°85° 1°3725 19°57° 128320 18°47° 1°4564 
19°37 1°37129 20°17 1°28250 19°07 1°4552 
20°10 1°39038 21°20 1°28117 21°6 1°4501 


Ethyl Tartrate in Ethylene Bromide. 


The ethylene bromide boiled very steadily at 34° under a pressure 
of 14 mm. (oil-bath, 55—58°) : 


18°0° 20°7° 22°7° 42°7° 43°4° 
-2°762 -—2°622 -+2°504 -1°734 -1°710 
-14°82 -1411 -13°50 — 9°53 — 9°41 


Densities determined - 


Solvent. p=5°58716. 
——_—_{_—_—_—_, ee 
t. d. e. d. 
181° 2°1856 18°02° 2°08414 
21°37 2°17875 20°18 2°07987 
30°55 2°15945 27°82 2°06464 


Ethyl Turtrate in Acetylene Tetrabromide. 


The acetylene tetrabromide boiled steadily at 117° under a pressure 
of 14 mm. (oil-bath, 155—165°) : 


I. p=5-6676. 

cscs —~ ee 20°4° 230° 25°4 

a’ (160 mm.) -3°46 ~ 3°324 ~3°172 ~ 3014 
— 13°35 ~ 12°85 ~1224 


19°6° 22°8° 
-— 4°21 — 3°904 
— 10°26 — 9°54 
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Ill. p= 2071106. 


Pcacsensotdasalineapeiaaen 11°7° 12°6° 16°3° 19°8° 
a (100 mm.) ..... —3°244 —3°'147 — 2°887 — 2°505 
[af .--seercerresereee -7°03 — 6°83 — 6°28 — 5°47 


Densities determined :: 


2 
0 
- Solvent. I. II. III. 
re d. t. d. Fi d. r. d. 
90°87° 2°96182 19°99° 2°72802 19°82° 2°57597 17°76° 2°28204 
9378 2°95518 22°81 2°72193 21°95 2°57167 20°75 2°27661 
315 2°93797 81°50 2°7038 30'2 2°55516 25°98 2°26694 
45°91 2°6736 
Ethyl Tartrate in Methyl Iodide. 
The methyl iodide boiled at 42:12—42°14° under atmospheric 
ure 


pressure : 


I. p=5'19605. . II. p=10°4466. 


ike cinakceantn 14:9° 20°3° 28°3° 18°1° 21°5° 24°8° 
at (170 mm.).. 010 0228 0°410 0°351 0°503 0°653 
[ak «..cevsessee 0°52 1°19 2°16 0°95 1°37 1°78 


essentials 22°2° 
a‘ (100 mm.) ...... 1°327 1°975 2°227 2°311 
: 3°08 


Densities determined : 


Solvent. I. i. Et. 

—— ae jamais, 

t. d. r. d. e. d. el d. 
18'22° 2°28408 19°39° 2°17168 18°86° 2°07572 18°77° 1°68916 
20°85 2°27655 21°03 =.2°16729 21°02 2°07034 20°89 1°68540 
26°35 2°26063 26°62 2°15225 23°16 2°06492 25°12 1°677738 


Ethyl Tartrate in Methylene Iodide. 


The methylene iodide was washed with dilute alkali, then with 
water, dried with anhydrous sodium sulphate, and distilled under 
reduced pressure. It boiled between 66° and 70° under a pressure of 
11—12 mm. (oil-bath, 80—90°) : 


_ SOTA 18°9° 25°7° 82°2° 39°7° 43°6° 46°3° 
af’ (160 mm.)... -0'°1 +0°028 +0°108 4+-0°178 + 0°226 +0°234 
| Te . —1°35 +0°38 +1°47 + 2°46 +3°12 + 3°24 
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Densities determined : 


Solvent. 


p=1°4233. 


co 


t° 


d. 
3°32605 
3°32138 
3°3074 
3-3010 


21°06° 
22°91 
26°72 
33°48 


——- 


d. 
323642 
3°23154 
3°22161 
3°2038 


Ethyl Tartrate in Ethyl Iodide. 
The ethyl iodide boiled at 72°25—72:3° under atmospheric pressure, 


I. p=5'17118. 
- 


IL. p=10-6333. 
e 12°8° 
af (170 mm.) —0°824 
fake ........000 — 2°51 

IIL. p=32°766. 

é° ; 


25°4° 
—0°215 
— 0°66 


19°7° 
— 0°465 
—1°42 


Densities determined :: 


Solvent. Hi. 
t. d. 
19°25° 1°93875 
20°99 1°93483 
24°54 1°92654 
32°35 1°90862 


era, 

o". a, 
18°58° 1°87591 
19°33 1°87422 
21°38 1°86976 
24°17 = 1°86367 
32°9 1°84426 


18°22° 
20°41 
21°75 
26°01 1 


a, 
d. 
1°81533 
1°81067 
1°80801 


27°0° 
— 0°106 
— 0°65 


30°6° 
+0°033 
+0°10 


30°6° 


50°2° 
+0°462 
+2°91 


45°9° 
+0°519 
+1°63 


1°651 


1°87 


II. 


i. 
18:07° 
20°46 
25°33 
‘79910 


d, 
1°60740 
1°60373 
1°59553 


Molecular Solution-Volume and Specific Rotation, at 20°, of Ethyl 


Tartrate in Various Solver 


Molecular volume of ethyl tartrate at 20°= 


For the homogeneous ester, [a|}= +7°76°. 


p- 


0 

5°11606 

9°74502 
17 0966 
32°8988 1°2863 
61°8807 1°2473 


* Extrapolated. 


Solvent. 


1°3361 

1°32749 
1°32006 
1°30890 


Methylene chloride 


d 20°/4°. 


rts. 


206_ 
1-2053 


MS.V.*. 
CC. 
174°1* 
173°73 
173°4 
172°92 
172°32 
17193 


=170°91 cc. 


[a it 


— 1°60" 
— 2°08 
— 2°40 
- 2°79 
— 2°50 
+ 0°36 
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LV. 
Ents ON THE ROTATION OF OPTICALLY ACTIVE COMPOUNDS. 


Molecular Solution-Volume and Specific Motation, at 20°, of Ethyl 
Tartrate in Various Solvents (continued). 


Solvent. p. d 20°/4°. M.S.V.2, [a]?™. 
c.c. 
Carbon tetrachloride ............ 0 1°59472 173°90* +1°9* 
8°8239 1°54858 172°79 +1°53 
21°224 1°49033 171°81 +1°38 
48°926 1°3762 171°11 +2°75 
Ethylene chloride ...........+++. 0 1°25350 176°0* — 4°20* 
58702 1°24868 175°14 — 4:07 
ossure, 11°733 1°24457 174°39 — 3°80 
22°0379 1°23833 173°47 ~ 3°40 
49°7182 1°22417 172°26 — 1°22 
Bthylidene chloride ............ 0 1°17549 172°8* —1°70* 
4°64846 1°17644 172°2 — 2°15 
10 6983 1°17806 171°67 — 2°63 
34°237 1°1854 170°97 - 2°68 
Acetylene tetrachloride......... 0 1°60022 173°4* — 16°60* 
4°96198 1'57330 173°1 — 15°20 
9 9°3140 1°5508 172°8 ~13°80 
38-0616 1-4202 171°6 ~6°5h 
UONMENE scssckcncncntedossekaies 0 2°8899 177°0* +0°20* 
70809 2°61778 175°93 0°93 
9°9976+ — —_ 1°19 
30°915 2°0027 173°43 3°09 
Ethyl bromide 0 1°45983 172°6* —0°95* 
2°01598 1°45333 172°41 — 
4°9815 1°44395 172°26 - 0°98 
Of 1°46018 
10°92 1°42631 171°75 —1°05 
30°576 1°37055 171°25 — 0°52 
~ 65°282 1°28272 170°97 +2°73 
. Ethylene bromide ............... 0 2°1816 _ —18°8* 
0740 558716 2°08023 176°78 -14°3 
= Acetylene tetrabromide......... 0 2°9638 176°8* —20°0* 
5*6676 2°72804 175°49 — 13°47 
9°95956 2°57561 174°69 —10°19 
20°1106 2°27798 173 °56 — 5°53 
Methyl iodide........cccccee 0 227899 179°8* 1-08* 
hyl 5°19605 2°17005 177°77 1°13 
10°4466 2°07288 176°42 1°20 
38°0809 168698 173°67 2°85 
Methylene iodide .............4. 0 3°32537 — is 
1°4233 323921 1777 -0°8 
Bthyl iodide .......s.csscsesseeee 0 1:93706 178'3* — 2-2" 
5°17118 1°87279 176°9 — 1°88 
10°6333 1°81155 175°6 — 1°46 
32°766 1°6044 1736 + 0°24 


* Extrapolated. + See note on p. 367. 
{ A fresh sample of ethyl bromide was used for the next three solutions. 


It gives us pleasure, in conclusion, to acknowledge our indebtedness 
to the Research Fund Committee of the Chemical Society for a grant, 
which defrayed the expenses of this investigation. 


Tue UNIversity, GLAscow. 
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XXXVI.—The Refractive Power of Diphenylhezxatriene 
and Allied Hydrocarbons. 


By Iba Smepiey. 


THE present investigation was undertaken three years ago with the 
object of studying the refractive powers of open-chain hydrocarbons 
containing contiguous ethenoid groups. The molecular refractiyg 
power of benzene had been regarded as evidence that benzene contained 
three ethylene linkings (Briihl, Ber., 1887, 20, 2288) ; it was therefore 
important to determine the effect of three contiguous ethenoid groups 
arranged in an open-chain. 

The phenyl radicle was known to exert an increased influence in 
cinnamyl compounds ; the exact conditions affecting this variation, 
however, had not been clearly defined. It was important to ascertain 
whether the mere accumulation of phenyl groups involved a dis. 
proportionate increase of refractive power or whether such increase 
took place only when phenyl was connected with an unsaturated 
group. Evidence was required as to whether any sudden change takes 
place in refractive power when pheny] is associated with an unsaturated 
group, such as might be expected if the phenyl radicle were to change 
suddenly from an ethenoid to a centric condition; or whether the 
change is a gradual one and the order of increase in any way propor- 
tionate to the number of unsaturated groups associated with the 
benzenoid structure. 

Finally, additional evidence was needed as to the influence of 
unsaturated groups on each other. Does a series of unsaturated 
groups act as a conducting chain, in such a manner that the addition 
of an unsaturated group at one point of the chain influences the 
refractive power of each unsaturated group present or is the effect 
of the newly-added radicle limited only to the adjacent groups ? 

I had already been some time engaged in preparing the simplest 
hexatriene, CH,-CH:CH:CH-CH:CH, (Proc., 1906, 22, 158), when 
its synthesis was accomplished by van Romburgh and van Dorssen 
(Proc. K. Akad, Wetensch. Amsterdam, 1905, 8, 565); the refractive 
and magnetic rotatory powers of the hydrocarbon were subsequently 
ascertained by Sir William Perkin (Trans. 1907, 91, 806). To 
synthesise diphenylhexatriene, C,H,-CH:CH:CH:CH-CH.CH:C,H,, 
the attempt was made to eliminate chlorine from aa-dichloro-y-phenyl- 
propylene, C,H,-CH:CH-CHCl,, but without success; the diformate 
of dihydrocinnamoin was then prepared, and examined in the hope 
that diphenylhexatriene would be formed on distilling this compound. 

Dihydrocinnamoin.—This compound was prepared by reducing 
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cinnamaldehyde, dissolved either in glacial acetic acid or in alcohol, by 
means of zinc dust ; at most, 10 per cent. of the theoretically possible 
amount was obtained; no other product could be isolated from the 
viscous solution (compare Thiele, Ber., 1899, 32, 1296). 

On warming dihydrocinnamoin with an alcoholic solution of silver 
nitrate, a silver mirror is at once formed ; dihydrobenzoin has a 
similar effect, but acts very much more slowly. Apparently, the 
reducing power of the secondary alcohol group is affected by the 
presence of the conjoined ethenoid group much as it is by that of 
a carbonyl group. In fructose, the reducing power of cne of the 
secondary alcohol groups was ascribed by Fischer to the influence of 
the adjacent’ carbonyl group. In dihydrobenzoin, the influence of 
phenyl is to increase the reducing character of the CH-OH group ; 
this effect appears to be further heightened when the phenyl is 
displaced by the more unsaturated cinnamyl group. 

In the hope of obtaining an osazone, dihydrocinnamoin was heated 
with phenylhydrazine acetate ; the liquid quickly became deep red, a 
small amount of a dark red oil separating, but the greater part of the 
original compound was recovered unchanged ; no other substance could 
be isolated. 

Action of Formic Acid on Dihydrocinnamoin, 


Eleven grams of dihydrocinnamoin were heated with 20 c.c, of 


formic acid (D 1:2) during four hours on a water-bath. A deep yellow 
oil separated, which solidified to a hard, yellow, resinous mass, 
approximating in composition to the diformate of dihydrocinnamoin, 
It was readily soluble in organic solvents but was deposited always as 
a yellow oil, which solidified gradually to a resinous mass, 

The difficulty experienced in purifying this substance, its tendency 
to resinify, together with the small yield of dihydrocinnamoin 
originally obtained, induced me to seek another means of preparing 
diphenylhexatriene ; eventually, it was found that it could be prepared 
by condensing cinnamaldehyde with phenylisocrotonic acid (Proc., 
1907, 23, 162): 

C,H,-CH:CH‘CH,°CO,H + CHO’CH:CH’C,H, = 
CO, + H,0 + C,H,-CH:CH-CH,CH:CH.CH:C,H,;. 


Condensation of Phenylisocrotonic Acid with Cinnamaldehyde. 


A mixture of molecular proportions of sodium phenylisocrotonate, 
cinnamaldehyde, and acetic anhydride was heated during forty minutes 
on an oil-bath at 140°. A clear yellow liquid was obtained, which 
solidified on cooling. In the first experiment, the mass was extracted 
with a solution of sodium carbonate, which was then shaken with 
ether, Between the two layers, an extremely small amount of small, 
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yellow, glistening leaves separated but no other substance could be 
isolated ; the crude product consisted mainly of resinous substances 
of indefinite composition, similar to those obtained in preparing 
dihydrocinnamoin. 

If the crude product be not first treated with sodium carbonate, but 
at once extracted with boiling chloroform or acetone, yellow, glistening 
leaves are deposited from the liquid on cooling, the yield being con. 
siderably increased. From 35 grams of phenylisocrotonic acid, 2 grams 
of the hydrocarbon were thus obtained. 

After this preliminary purification, the hydrocarbon may be treated 
with sodium carbonate without diminishing the yield; it was finally 
recrystallised several times from boiling acetone and chloroform 
respectively, the melting point was 194° (uncorr) :* 

0:0618 gave 0:2100 CO, and 0°0404 H,O. C=92-72; H=7:28 

0:1354 ,, 0:4602 CO, ,, 0:°0880 H,O. C=92°69; H=7-22. 

C,,H,, requires C= 93:10 ; H=6°90 per cent. 

Action of Bromine.—To a solution of 0°5 gram of the hydrocarbon 
in chloroform, three molecular proportions of bromine dissolved in the 
same solvent were added. The yellow solution was decolorised at 
first, but eventually became coloured by the bromine. After some time, 
a white solid separated, which, when recrystallised from chloroform, 
appeared in rather indefinite needles, melting, but decomposing, at 
228—230° (uncorr.). This substance was diphenylhexatriene hexa- 


bromide : 


00989 gave 0°1578 AgBr. Br=67°89. 
C,,H,,Br, requires Br =67°42 per cent. 


The very dilute solution in chloroform or benzene of diphenylhexa- 
triene shows a beautiful blue fluorescence, which gradually disappears, 
the solution acquiring a brown tinge. 

The pale yellow colour appears to be an inherent property of the 
hydrocarbon, as it is not removed by continued recrystallisation. 
This is the lowest member of this series of hydrocarbons in which 
colour -appears; diphenylbutadiene, O,H,-CH:CH-CH:CH:(,H, 
prepared according to Thiele’s method (Annalen, 1899, 306, 201), is 
a white substance, showing a marked blue fluorescence in alcoholic 
solution, but both diphenylhexatriene and diphenyloctatetrene (Fittig, 
Annalen, 1904, 331, 151) are yellow. 

Determinations of Refractive Index.—The high melting points of 


* Since completing this work, I have learnt that the same condensation has been 
studied in Professor Thiele’s laboratory by Knell, who has isolated diphenylhexa- 
triene-y-catboxylic acid by working at lower temperatures, and has obtained about 
0°5 gram of the hydrocarbon as the result of fifteen to twenty condensations 
(Inaug. Diss., Munich, 1902). : 
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these substances and their comparative insolubility make the deter- 
mination of their refractive power diflicult. The best solvent for 
diphenylhexatriene is chloroform, but at the ordinary temperature a 
saturated solution contains less than 2 per cent., and even at the 
boiling point a chloroform solution contains less than 4 per cent. The 
refractive power of the diphenyl derivatives of butadiene and hexa- 
triene was determined in dilute chloroform solutions (1 to 3 per cent.) ; 
to check the results, diphenyl and benzene were examined under 
similar conditions, and the results compared with the values obtained 
by other observers’ work with the undiluted substances. 

The experimental error arising from the use of such dilute solutions 
appears to be about 2 per cent. ; but the refractive power is so much 
higher than that calculated, using the values deduced from fatty com- 
pounds, that this degree of error does not seriously affect the conclu- 
sions to be drawn. The error is exaggerated in calculating the 
dispersive powers, which are therefore less trustworthy than the 
refractive powers ; the numbers indicate, however, that a very remark- 
able increase in dispersive power attends the introduction of every 
additional unsaturated group (compare Briihl, Ber., 1907, 40, 878, 
1153). 

The very slight solubility of the octatetrene derivatives makes them 
still less suitable for examination. 

The chloroform used as a solvent in the first set of experiments was 
dried over calcium chloride and distilled, the portion boiling from 
61:3° to 61°5° being collected. The specimen used in later experiments 
was freed from alcohol by washing several times with water, then 
allowed to stand over concentrated sulphuric acid, and finally distilled 
from potassium carbonate. 

Diphenylhexatriene.—The preparation and purification of this hydro- 
carbon have already been described. 

Diphenylbutadiene.—This was prepared and purified according to 
the directions given by Thiele (Annalen, 1899, 306, 201). 

Diphenyl_—The specimen used was obtained from Kahlbaum ; it 
melted at 71°. 

Benzene.—This was dried over calcium chloride, then allowed to 
stand over phosphoric oxide, distilled from this, and carefully 
fractionated. 

The observations were made with a Pulfrich refractometer at 
temperatures lying between 15° and 20°; the specific refractive 
powers of the solutions examined are given in table I: 


VOL. XCIIL. 
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TABLE I. 


Per cent. 
a ona 3 


Mg ~1 
Substance. Formula. solution. (u2+2) d° (ug+ 2)d° Ma Me. Me-M 
Chloroform : K 
Specimen I CHCl, -- 0°17848  0°18157 21°23 21°70 0°37 
Specimen II used 
in 2nd determin- 
ation diphenyl- 
hexatriene — 0°17831 0°18145 21°30 21°68 0:38 
Benzene 1°3029 0°18158 —_ 26°0 ——— 
Diphenyl he 3°0062 0°18334 0°18668 52°35 54°15 1°8 
Diphenylbutadiene . H 4°4493 0°18821 0°19324 81°86 91°44 9°5 
1°8132 0°18264 018644 83°96 92°70 8°8 
Diphenylhexatriene, CjsH,, 1°238 0°18159 0°18553 99°7 116°4 167 
11744 0°18138 0°18545 102°1 121°2 191 


Influence of the Phenyl Radicle in Saturated Hydrocarbons. 


The effect of the successive displacement of the hydrogen atoms of 
methane by the phenyl radicle was studied by Sir William Perkin, 


who concluded that, using the formula Ho} for the specific refraction, 


the increment in refractive power increases slightly with the intro. 
duction of each additional phenyl group (Trans., 1895, 69, 1152), 


If, however, the formula ° a = ° 3 be applied, the agreement between 
the numbers obtained is well within the-limits of experimental 
accuracy, unavoidable error being introduced by our reference to a 
arbitrarily chosen standard, such as the red hydrogen line, 

Table II shows that the value for the introduction of the phenyl 
group into a fatty hydrocarbon is unaffected by the subsequent intr- 
duction of a phenyl radicle, both where the phenyl groups are united 
with the same carbon atom and where they are separated by saturated 


hydrocarbon groups. 
Tasce II. 
Temp. at 2 
which Be 1. 
Observer. Substance. Formula. examined. d wi+2 Increment 
Methane CH 0° 6°61 * = 
6°62 _ 
Toluene .... ¢ 31°08 24°46 
Dipheny] methane CHC Hy), 55°38 24°30 
Tr ae, CH GH )g ¢ 79°82 24°44 


Landolt and 
Ethylbenzene CH,°CH,°C,H, 35°33 _ 
Eyckmann.. Dibenzyl ......... CgsH;*CH,°CH,"C,H; 6 60°07 24-97 
Chilesotti ... 59°6T 
(in solution) 


* This value is for sodium light, but the degree of dispersion in such a compound 
is so smal] that the value is very little affected. 

+ The lower number is taken, since, if the temperature-coefficient be taken into 
account, the other value would be appreciably diminished. 


n into 
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Influence of the Phenyl Radicle in Unsaturated Hydrocarbons. 


As early as 1881, Gladstone pointed out that the refractive power 
of substances in which an unsaturated group is joined to phenyl 
is abnormally high (Proc. Roy. Soc., 1881, 31, 327); subsequently, 
it was shown by Briihl that, not only is the refractive power of 
cinnamyl compounds greater than the calculated value, but that the 
molecular refractive powers of isomeric compounds in which two 
ethenoid linkings occurred was not identical. Of the three structures, 
‘OH:CH:CH:CH-CH,° -CH:C:CH:CH,'CH,° *CH:CH:CH,°CH:CH: 
the first alone exhibited an abnormally high refractive power (Briihl, 
Annalen, 1886, 235, 56; Zeitsch. physikal. Chem., 1891, 7, 2), the 
increase being always accompanied by abnormal dispersive power. 

The combined effect of ethenoid groups forms the basis of the 
quinonoid theory of colour, and, in his advocacy of this theory, 
Professor Armstrong has for many years brought forward the view 
that contiguous ethenoid groups mutually influence each other, 
co-operating to produce a selective absorption of light. This same 
idea of the mutual influence of unsaturated groups was applied by 
him to explain the abnormally high refractive power of certain 
benzenoid aldehydes (Proc., 1893, 9, 57). 

Subsequently, this idea of the mutual influence of alternately 
arranged ethylene linkings gained further support from Thiele’s work 
(Annalen, 1899, 306, 87). 

A large number of data have now been accumulated, showing that 
the presence of unsaturated groups in conjunction in the molecule 
always increases both the refractive and the dispersive power; Briihl 
(Ber., 1907, 40, 878, 1153) suggests that the effect of the conjugation 
is not merely a qualitative but a quantitative one, and will be found 
to depend both on the kind and on the number of groups present in 
conjunction. 

A contribution to our knowledge of the influence of the phenyl group 
has been made by Chilesotti, who has examined hydrocarbons such as 
anthracene and phenanthrene, and interpreted his results as supporting 
the centric formula for benzene (Gazzetta, 1900, 30, i, 149). 

Tables III, IV, and V show that the effect of the phenyl group in 
unsaturated hydrocarbons depends on the number and the nature of 
the other unsaturated groups present in the molecule. The increment 
in refractive power increases gradually where the phenyl group is 
united with an ethenoid or a second phenyl group and reaches its 
maximum value where it acts in conjunction with a chain of con- 
tiguous ethenoid groups linked to a second phenyl nucleus as in 
diphenyhexatriene. 
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TABLE IV. 


Ph'C:CH — Ph'H 
HH group. 


present. 


PhC:CPh- Ph*Ph groups. 
HH 


Phenyl Group. 


Cinnamene — Ethylene 


Diphenyl - Benzene = 26°03 
Ph’Ph - Ph*H | 


PhC:CPh—- PhO:CH 
HH HH 
[“hhclerscen — Phenylbutadiene = 34 " 


[ Stilbene — Cinnamene spat 
v 


PhC:C*C:CPh —- PhC:c°C:CH 
HHHH HHHH 


PhC:C"C:0"C:CPh — HC:0*C:0°C:CH groups 
HHHHHE HHH HHH — 
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when 


Diphenylbutadiene — Dipheny] 82°9 -51°95 (6) Between two phenyl 


HC:CH - H°H atoms. 
HH 
Hexatriene - Hydrogen 30°58- 2°10 (2) Between two hydrogen 
HO:0°C:0°C:CH -—- H°H 3 sia atoms when three 
HHHHHH ; ethenoid groups are 
present. 
Cinnamene — Benzene 35°98 - 25°93 (3) Between a hydrogen 


atom and a phenyl 


atom and a phenyl 


two 


Phenylbutadiene — Benzene 48°00 -25°93 (4) Between a hydrogen 
Phc:c°c’CH —- PhiH 2 
HHHH group 


ethenoid groups are 


Stilbene — Diphenyl 65°65-51°95 (5) Between two phenyl 


PhO;C’C:CPh - Ph*Ph 7 groups when two 
HHHH ethenoid groups are 
present. 


Diphenylhexatriene - Diphenyl 100°9 -—51°95 (7) Between two phenyl 


PhO;C*C:C*C:CPh - Ph*Ph 3 groups when three 
HHHHHH ethenoid groups are- 
present. 
TABLE V. 


Benzene — Hydrogen 25°98 - 2°10 (1) United to a single 
PheH - HH hydrogen atom. 


35°98-10°77 (2) United to an ethenoid 


PhO:CH -H°C:CH group. 
HH HH 
Diphenyl — Hydrogen 51°95-2°10 (3) United to a phenyl 
Ph'Ph —- H'H — group. 


Stilbene — Ethylene 65°65-10°77 (4) United to a cinnamyl 
PhO:CPh —- HC:CH 2 group. 
HH HH 


Diphenylhexatriene - Hexatriene 100°9- 30°58 (5) United to one, phenyl 
2 and three ethenoid 
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Increment in Refractive Power on introducing an Hthenoid Group. 
Ethylene - Hydrogen 10°77- 2°10 (1) Between two hydrogen 


8°67 


9°49 


10°05 


11°03 


Increment in Refractive Power on displacing « Hydrogen Atom by the 


23°88 


25°21 


24°92 


27°44 


35'2 
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On comparing the values thus obtained, it is seen that the insertion 
of three ethenoid groups between two phenyl nuclei produces an 
increment of 47‘4 units in the molecular refractive power, whereas 
the insertion of three similar groups between two hydrogen atoms 
only raises it by 28°5 units. Part of the former increase is therefore 
due to the influence of the phenyl groups, but the effect produced by 
these does not remain of constant value, as it is heightened by 
association with unsaturated groups, and this increase, together with 
that due to the ethenoid groups in conjunction, is measured when the 
molecular refractive power of diphenyl is subtracted from that of 
diphenylhexatriene. The relative influence of the phenyl and 
ethenoid groups may, however, be calculated as follows : 

Assuming that the two hydrogen atoms at the ends of the chain 
have the same value as in the hydrogen molecule: 


Molecular refractive power of hydrogen 

Refraction increment on displacing two hydrogen atoms by two 
phenyl radicles associated with three contiguous ethenoid groups 
(Ma-diphenylhexatriene — Ma-hexatriene) 

Increment on inserting three ethenoid groups between two phenyls 
(Ma-diphenylhexatriene - Ma-dipheny]l) 


The observed refractive power of diphenylhexatriene is, however ... 100°9 
The value for each ethenoid group should therefore be pei x = . 13°65 
1009 70°3 


009 | 70°3 29°33 
1213* 2 


For each phenyl] displacing hydrogen, 


Similarly, the increment caused by the insertion of a single ethenoid 
group between two phenyls may be calculated : 


Molecular refractive power of hydrogen 

Increment on displacing two hydrogen atoms by two phenyls, 
Ma-stilbene —- Ma-ethylene 

Increment on inserting one ethenoid group between two phenyls, 
M,-stilbene - Ma-dipheny] 


The molecular refractive power of stilbene is, however 
65°65 |. 13°70 
_ 70°68 

For the displacement of hydrogen by phenyl, OnE x 27°44 


.«*. The value for the ethenoid group should be 


A similar correction may be made when one phenyl! is associated 
with one ethenoid group: 


Ma-hydrogen 
SIN NUR os asia can sswndsarctensabatisencsonesnctucasahentavbersenl 
* Cinnamene — ethylene 
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Molecular refraction of styrene 
Value for the ethenoid group, 


Value for the displacement of hydrogen by pheny], eas xX 25°21... 24°31 


Summarising these results : 
Increment in molecular refractive power caused by the displacement of 
a hydrogen atom by phenyl when i is joined to : 


(a) Ahydrogen atom .... Pttesscivekssniokores 
(b) A saturated hydr ocarbon radicle . 

*(¢) An ethenoid group - 

(@) A phenyl group . 

(ce) A cinnamyl group . 

(f) A phenyl group in conjunction with three ethenoid groups 


Increment owing to the introduction of an ethenoid group, 4 


the molecule between : 


Two hydrogen atoms 

Two ethenoid groups . ies 

A hydrogen and a phenyl. group é laine 

Two phenyl groups 

Two phenyl groups where three ethenoid groups are in con- 
junction 

Both the phenyl radicle and the ethenoid group exercise a gradually 
increasing influence on the refractive power, and this increase depends 
on the number of unsaturated groups with which each is associated, 
the maximum effect being reached in diphenylhexatriene. The 
carbon atoms in the ethenoid group are more affected by association 
with unsaturated groups than the carbon atoms of the phenyl nucleus. 
This is shown both by the high refractive power of hexatriene as 
compared with benzene, and by the greater rate of increase in the 
ethenoid as compared with the phenyl group. 

As we do not know whether the atomic refractive powers of the 
carbon and hydrogen atoms increase in the same proportion, it is 
desirable at present to deal rather with groups of atoms, the effect of 
which is directly measurable than with the atomic refractive 
powers. 

The numbers thus obtained are applicable only to substances which 
contain no other kind of unsaturated group in the molecule, the 
presence, for instance, of a contiguous carbonyl group causing a 
readjustment of values. 


* It will be seen that the influence of phenyl on the ethenoid group is much more 
marked than is the converse effect. The effect of a single such group distributed 
over a whole phenyl nucleus, is probably so slight as to be within the limit of 
experimental error. 
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Conclusions. 


There is apparently a close parallelism between the atomic 
structures which condition colour and those producing increased 
refractive power, for in both cases the presence of conjoined un- 
saturated groups appears to be essential. In ascending the series of 
hydrocarbons, diphenyl, diphenylethylene, diphenylbutadiene, and 
diphenylhexatriene, the refractive increment produced by each phenyl 
and each -C,H,- group increases steadily. Solutions of diphenyl. 
butadiene show a blue fluorescence, which is more marked in the 
higher members of the series, but it is only on reaching diphenyl. 
hexatriene that visible colour makes its appearance.* 

A study of the refractive power of these unsaturated hydrocarbons 
affords striking confirmation of the mutual influence of unsaturated 
groups. A method of numerical comparison of the influence exerted 
by the different radicles appears to be available, which shows that the 
successive introduction of each unsaturated group into the molecule 
influences the whole series of unsaturated groups as long as they are 
in conjunction; the refractive power of each unsaturated group 
already present is increased by}the introduction of the new u- 
saturated group. 

The striking difference in the refractive power of hexatriene and of 
benzene itself (the loss of two hydrogen atoms and the closing of the 
ring being accompanied by a diminution of as much as five units) 
makes the effect on the refractive power produced by the phenyl 
nucleus of special interest. Originally, the molecular refractive power 
of benzene was regarded as evidence that the benzene molecule 
contained three ethylene linkings, since it exceeded the value caleu- 
lated for six carbon and six hydrogen atoms by three times the value 
assigned to one double bond (Briihl, Ber., 1887, 20, 2288). According 
to Thiele’s theory, the benzene molecule consists of three conjoined 
unsaturated groups, which, since they are joined in a ring, possess no 
free partial valencies, the structure being represented by the formula 


HC. 
Il c7\ cH 


H CY Jou 
HC 


In open-chain compounds, however, the refractive power of 


HH groups in conjunction is higher than that of a single un- 


* It is interesting, however, that the association of two adjacent carbonyl groups 
does not appreciably increase the refractive index, although it is sufficient to produce 
colour. 
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saturated radicle, and increases with the number of conjoined groups. 
It would be expected, therefore, that if this structure really repre- 
sented the benzene molecule, its refractive power would be abnormally 
high, since the groups possess no free partial valencies, and are more 
compactly united than in an open-chain structure. Briihl now regards 
the phenyl nucleus as existing in two states, the ‘neutral conjugated “ 
condition—where the unsaturated groups do net behave as if they were 
conjoined —and the ‘active conjugated ’’ condition—in which, assum- 
ing that the benzene molecule contains unsaturated groups, these 
show increased values similar to those observed in open-chain 
conjoined systems (Ber., 1907, 40, 878). 

The assumption that the benzene nucleus contains three ethylene 
linkings has not proved to be in accordance with the evidence as to its 
refractive power; any method of calculation based on this assump- 
tio may therefore be misleading. Regarding the phenyl nucleus 
as a whole, we see that, whatever the change which occurs in 
it influencing its refractive value, it is a gradual change, very 
slightly increasing as one unsaturated group is joined to it but 
continuing to increase in value as each successive unsaturated group 
is associated with it. The very gradual character of this increase 
seems to me to deter us from regarding the change produced as a 
sudden change from a condition of neutral to one of active conjunction ; 
it appears to be more in accordance with a structure represented by 
the centric formula, which assumes that the arrangement of forces 
obtaining between the carbon atoms of the benzene nucleus differs 
from that holding in open-chain structures, whether saturated or 
unsaturated. 

The influence of the phenyl nucleus on the magnetic rotation of 
aromatic compounds agrees very closely with that of three ethenoid 
groups conjoined in an open-chain structure, the increase in magnetic 
rotatory power produced by each of these structures being comparable. 
As far as this property is concerned, the relations between hexatriene 
and benzene are similar to those between hexane and hexamethylene 
(Perkin, Trans., 1907, 91, 806). The introduction of successive phenyl 
groups into an alkyl radicle produces a much more marked effect than 
on the refractive power. Close as is the parallelism generally holding 
between the structures producing increments in the atomic refractive 
and magnetic rotation values of the elements, the benzene nucleus 
furnishes a marked exception. Whereas, from its magnetic rotation 
value, it appears to be closely connected with an open-chain structure, 
containing three contiguous ethenoid groups, its refractive power points 
to a degree of unsaturation intermediate between that of a fatty 
saturated compound and of a hexatriene structure, a result more 
closely in agreement with its chemical behaviour. Our present 
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incomplete knowledge does not enable us to reconcile the conflicting 
aspects, shown to us by its influence on light absorption, light 
refraction, and magnetic rotation. 


The determinations of the refractive index were made at the 
Manchester Municipal School of Technology, and I desire to acknowledge 
my thanks to Professor Pope for permission to use the instruments in 
that laboratory. 


Vicror1A UNIVERSITY; 
MANCHESTER. 


XXXVII.—TZhe Temperatures of Spontaneous Crystal- 
lisation of Mixed Solutions and their Determination 
by Means of the Index of Refraction. Mixtures of 
Solutions of Sodium Nitrate and Lead Nitrate. 


By Fiorence Isaac, Research Fellow of Somerville College. 


EXPERIMENTS on the refractive indices of certain simple solutions of 
salts in water (Trans., 1906, 89, 413) have led to the determination 
of a “supersolubility curve” which gives the temperature of 
spontaneous crystallisation for the various solutions, and therefore 
marks the passage of a supersaturated solution from the metastable 
to the labile condition if we adopt the phraseology of Ostwald. 

The object of the present paper is to investigate the refractive 
indices of mixed solutions of two salts A and B in water, and so to 
determine the supersolubility curves for a mixture of three substances, 
namely, salt A, salt B, and water ; the salts chosen were lead nitrate 
and sodium nitrate. 

Two complete sets of experiments were undertaken. In the first 
set the proportion of lead nitrate to water was kept constant, and the 
amount of sodium nitrate varied; and in the second set the propor 
tion of sodium nitrate to water was kept constant and the amount of 
lead nitrate varied. 

The method of experimenting was the same as that described in the 
previous paper, which dealt with simple solutions. The hot mixed 
solution was placed in an open trough beneath the inverted gonio- 
meter described by Prof. Miers (Phil. Trans., 1903, A, 202, 464), and 
the refractive indices were determined from time to time as it cooled 
by means of an immersed glass prism by the method of total internal 
reflection. The solutions were kept stirred rapidly by means of 4 
platinum vane driven by an electric motor. 
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In some of the experiments a new goniometer specially designed for 
these experiments was employed. In principle this instrument much 
resembles the one referred to above, but has the following advantages : 
a larger amount of solution can be employed; greater accuracy of 
measurement is possible; the second support of the disc, which pre- 
yented the free movement of the telescope and its adjustment in 
line with the collimator, is done away with ; and the solution can be 
kept at a constant temperature for any desired period. The collimator 
is fixed in the single vertical leg of the instrument, which rises from 
the base and supports the horizontal graduated disc of the goniometer, 
The telescope can thus be moved almost completely round the gonio- 
meter axis. The prism holder is furnished with the usual centring 
and adjusting screws, and the prism is held by a platinum clip, 
Below the prism holder and on a table supported by the base of the 
instrument is a large circular glass trough, which can be raised or 
lowered by means of a rack and pinion. This trough contains the 
solution, the suspended prism being immersed in it. The front of the 
trough is a plane-parallel glass plate, held in position by clips, and 
the table which carries the trough is furnished with levelling screws 
so that it can be adjusted and the glass front set perpendicular to the 
telescope axis. 

A circular metal tube provided with holes on the inner side fits 
over the upper rim of this trough; hot or cold water may be passed 
through this tube, and, issuing from the holes, streams over the outer 
surface of the trough and is carried away through an aperture in the 
table. The solution can thus be maintained at a constant tempera- 
ture. 

The capacity of the trough is 325 c.c., so that much larger quanti- 
ties of solution can be examined than was possible with the gonio- 
meter previously used. The solutions were thoroughly stirred by 
means of a glass plunger bent in the shape of a horse-shoe with its open 
end opposite to the plane glass front ; and an up-and-down movement 
is given to the stirrer by means of a crank clamped to the leg of the 
goniometer and driven by a small electric motor. The graduated circle 
divided to 10” is read by means of two attached verniers and small 
lenses, 


First Set of Eaperiments. Solutions containing Hxcess of Sodium 
Nitrate in which the Proportion of Lead Nitrate to Water was 3 : 10. 


The amount of sodium nitrate varied from 42 to 49°5 per cent. of 
the whole solution. 

The solutions were placed in the goniometer trough at about 60° or 
70°, and the change in the refractive index was traced until the 
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temperature had fallen to 18° or 15° Throughout this set 
twenty-two experiments, sodium nitrate alone crystallised out of the 
solutions. 

The results of some of these experiments are shown in Fig, ], 
on which are plotted the variations of refractive index with con. 
centration and temperature. The first eleven of the experiments were 
carried out in an open trough, so that evaporation from the surface of 
the liquid was not prevented. The concentration of the solutions must, 
from this cause, have increased slightly throughout these experiments, 
In the remaining eleven experiments the solutions were also introduced 
into the trough at about 60° or 70°, but were immediately covered 
with a layer of olive oil at the same temperature. This layer prevented 
evaporation, and in these eleven experiments, therefore, the 
concentration was constant until crystals began to appear in the 
trough. 

From these last experiments curves of constant refractive index 
were plotted on a concentration-temperature diagram. The curves 
were found to be approximately straight lines parallel to each other, 
and inclined at an angle of 46° 41’ to the temperature axis for the scale 
chosen, on which 1 per cent. of sodium nitrate corresponds with 5° 
These constant index lines are shown in Fig. 1, and if a line be drawn 
at right angles to them inclined at an angle of 43° 19’ to the tempera- 
ture axis, equal lengths measured along this line correspond with equal 
changes in refractive index. 

It is therefore possible to indicate the changes in the refractive 
indices of the solutions as they coul, by distances measured along such 
a line, in the same way that changes of temperature are measured along 
the horizontal axis. The curves in Fig. 1 showing the behaviour of 
the mixed solutions are all plotted from the refractive indices measured 
along this line, and from the temperature measured along the hori- 
zontal axis. The ordinates give the concentrations of the solutions at 
any temperature. 


Description of Curves in Fig. 1. 


It will be seen from Fig. 1 that in general the index of the solu- 
tions rises at first fairly rapidly as the temperature falls, There is 
sometimes a slight depression in the curves as they cross the solu- 
bility curve S, after which the concentration falls a little. The 
refractive index, however, continues to rise until it reaches a maximum 
value, after which it suddenly begins to fall again, slowly at first 
and then rapidly, owing to the weakening of the solution when 
spontaneous crystallisation sets in, until the curves ultimately approxi- 
mate to the solubility curve S. 
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Behaviour of Mixed Solutions compared with that of Simple Solutions, 


The results obtained from the experiments with mixed solutions as 
they cool resemble those obtained from simple solutions, The 
refractive index rises to a maximum. As soon as, or very shortly 
after, the maximum index is reached, a dense shower of sodium 
nitrate crystals appears throughout the solution, rendering it almost 
opaque. 

The behaviour of these mixtures only differs from that of simple 
solutions in that for the more concentrated mixtures of this Series, 
that is, those containing from 45 to 49°5 per cent. of sodium nitrate, 
when stirred in an open vessel, a very fine shower of sodium nitrate 
erystals appears suddenly in the solution in the metastable region 
before the maximum index is reached, in addition to the dense 
shower of crystals which appears at the maximum point and the few 
isolated crystals which appear at or about the temperature of 
saturation. 

Also, after the maximum index is attained, the fall is continuous 
until a certain temperature, after which the change of index is some- 
times oscillatory. The index then usually remains approximately con- 
stant for some time, and finally rises again slightly. This behaviour is 
well shown in experiments 1, 2, 5, 8, 9 (compare Fig. 2). 

The following are the tabulated results for the set of experiments 
described above. 

Expt. 1.—Composition: NaNO,=49°505, Pb(NO,), =11°653, 
H,O = 38°842 per cent. This solution was examined in the trough of 
the new goniometer. The trough was heated to 50° before introducing 
the solution, which was then covered with a layer of warm olive oil. 
The index rose from 1°405342 at 73°5° to 1°409956 at 51°4°, and fell 
from this value to 1°408258 at 43°8°; it then oscillated, rising and 
falling slightly as the temperature fell steadily until it reached 
1:40743 at 31°. From this value it rose again to 1:408462 at 22:2°, 
and then fell to 1407954 at 18° A slight shower of crystals 
occurred at 58°, and a dense shower at 51°4°. 

The changes of index in this experiment are completely shown in 
Fig. 2. 

Expt. 2.—Composition : NaNO, = 49-020, Pb(NO,), = 11:765, H,O= 
39°215 per cent. This solution was examined in the trough of the new 
goniometer, the solution was covered with a layer of warm olive oil, 
and the temperature kept from falling too rapidly at first by passing 
warm water over the sides of the trough. The index rose from 
1:404491 at 74° to 1°409989 at 51°, and fell from this value to 
1:408632 at 46°5°. As the temperature fell still further, the index 
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rose and fell in an oscillatory manner and finally reached 1:406902 at 
18. Crystals appeared at 56°, and a dense shower occurred at 51°. 
The solution was clear again at 46°5°, and another opaque shower 


occurred suddenly at 38°. 
Expt. 3.—Composition : NaNO, = 48°515, Pb(NO,), = 11°881, H,O= 
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30°604 per cent. This solution was covered with a layer of warm 
olive oil, and was examined in the trough of the new goniometer, which 
was heated before introducing the solution. The index rose from 
1403740 at 73° to 1:409279 at 46°, and fell from this value to 
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1:406326 at 30°5°. It then rose again, reaching 1°407649 at 25° oe 
finally fell to 1°407346 at 17°5°. A fine shower occurred at 56° 9 
the upward branch of the index-temperature curve, and became mua 
denser at 49°. An opaque shower occurred at 36°. 

Expt. 4.—Composition: NaNO,=48°013, Pb(NO,),=12-006, 
H,O=39°981 per cent. This salintion was covered with warm gil, 
The index rose from 1°405171 at 65° to 1°410460 at 42°5° and they 
fell. Crystals appeared at 60°, and a dense shower occurred at 42°5° 

Expt. 5.—Composition: NaNO,=47:981, Pb(NO,),=12-037, 
H,O=39°982 per cent. The index rose from 1°408021 at 61° to 
1°411268 at 43°, and then fell suddenly to 1°409242 at 41° The 
index continued to fall as the temperature was lowered, but in an 
oscillatory manner ; it rose a little at about 20° and then fell again, 
Crystals appeared at 65° and fell to the bottom immediately. A fine 
shower of sodium nitrate crystals appeared at 58°, and a dense shower 
at 42°, rendering the solution opaque. 

Expt. 6.—Composition : NaNO, = 47'995, Pb(NO;), = 12-009, H,0= 
39996 per cent. The index rose from 1:406496° at 63° to 1410562 
at 40°5°, and fell from this value to 1°408326 at 32°. The index then 
rose from this to 1408735 at 26°, after which it began to fall again 
at lower temperatures. Crystals appeared floating on the surface at 
63°; a fine shower occurred at 49° on the upward branch of the 
refractive index-temperature curve, and a very dense shower fell at 40° 
after the maximum index was reached. 

Expt. 7.—Composition: NaNO,=46-965, Pb(NO,), =12:248, 
H,O= 40-787 per cent. This solution was covered with warm oil. 
The index rose from 1°403031 at 70° to 1°410766 at 38°. Crystals 
appeared at 45°, and a dense shower occurred at 36°. 

Expt. 8.—Composition : NaNO, = 46-950, Pb(NO,), = 12°244, H,O= 
40°806 per cent. The index rose from 1°406598 at 56°h° to 1:410460 at 
37°. It fell rather suddenly from this value to 1°408735 at: 33°, and 
continued to fall much more slowly until the temperature reached 25°. 
The index then remained constant for some time, after which it began 
to rise slowly. Crystals appeared at 56°, and a fine shower occurred at 
44° on the upward branch of the index-temperature curve. A dense 
shower occurred at 35°. 

Expt. 9.—Composition : NaNO, = 46:940, Pb(NO,), = 12°263, H,O= 
40°797 per cent. The index rose from 1:406090 at 58° to 1°410310 
at 39°. It then fell suddenly from this value to 1°408275 at 36°. 
The index then remained approximately constant until the temperature 
reached 26°, where the index was 1:408126. Crystals appeared at 58°, 
and a fine shower occurred at 49°. This fine shower continued until 
the temperatures was 39°, when a much thicker shower fell rapidly, 
rendering the solution opaque. 
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Expt. 10.—Composition: NaNO, = 47°147, Pb(NO,), = 12°198, H,O= 
40655 per cent. The index rose from 1°404967 at 64° to 1-410460 at 
4°. It then fell gradually to 1-409346 at 34°, and then more suddenly 
to 1408022 at 33°. After this the index remained very approximately 
constant until the temperature fell to 17°. Crystals appeared at 60°, 
and a fine shower occurred at 41°. This shower continued until the 
temperature was 34°, when a dense shower of crystals caused the 
solution to become opaque. 

Expt. 11.—Composition : NaNO, = 46:145, Pb(NO,), = 12°436,H,O= 
41419 per cent. The index rose from 1°406394 at 56° to 1:410562 
at 35°, and then fell suddenly to 1:408327 at 30°. The index remained 
constant at this value until the temperature fell to 2°, and then rose 
to 1408530 at 14°. Crystals appeared at 54°, and a fine shower 
occurred at 47°. A dense shower fell at 32°. 

Expt. 12.—Composition: NaNO,=45°833, Pb(NO,),=12°511, 
H,0=41°656 per cent. This solution was covered with warm oil. 
The index rose from 1°403337 at 64° to 1410009 at 33°, and fell from 
this value to 1°408123 at 27°. The index then remained constant 
until the temperature reached 18°. Crystals appeared at 33°, and a 
dense shower of crystals fell at 32°8°. At 31°5° the solution was 
almost clear again. 

Expt. 13.—Composition: NaNO, = 45°149, Pb(NO,), = 12°706, H,O = 
42'145 per cent. The index of this solution rose from 1°403235 at 62° to 
1410212 at 32°, and then fell suddenly from this value to 1407411 at29°. 
It then fell very gradually to 1-407310 at 26°, and from this tempera- 
ture it rose again to 1:408225 at 15°. Crystals appeared at 46°. A 
very fine shower occurred at 41°, and a very dense shower at 30°; 
causing the solution to become quite opaque with a rise of temperature 
of 0°5°. 

Expt. 14.—Composition: NaNO,=44:900, Pb(NO,), =12°712, 
H,0 = 42°388 per cent. This solution was covered with a layer of 
warm oil. The index rose from 1:403133 at 61° to 1°410511 at 29°, 
and then fell from this value to 1:407615 at 22°. Thesolution was not 
cooled below 22°. Crystals appeared at 38°, and a dense shower 
occurred at 25°. 

Expt. 15.—Composition: NaNO,=44:484, Pb(NO,),=12°811, 
H,0=42-705 per cent. This mixture was examined in the trough 
of the new goniometer. The trough was heated to 50° before 
introducing the solution, which was then covered with a layer of 
warm olive oil. The index rose from 1°401403 at 667° to 
1410227 at 30°, and fell from this value to 1°408021 at 21°5°. A 
shower of crystals occurred at 30°. 

Expt. 16.—Composition: NaNO,=44:460, Pb(NO,),=12°822, 
H,0=42°718 per cent.. The index rose from 1°402725 at 64° to 
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1:410562 at 31°5°, and then fell from this value to 1:408295 at 
22°. The index then remained constant until the temperatur 
reached 18°. Crystals appeared at 45°, and a dense shower occurred 
suddenly at 31°. 

Expt. 17.—Composition: NaNO,=43°630, Pb(NO, 2= 13021, 
H,O = 43°349 per cent. The index rose from 1°401507 at 60° ty 
1°409142 at 27°. It then fell suddenly from this value to 1-407513 
at 26°. The index afterwards rose slightly and then fell again 
very gradually. Crystals first appeared at 38°, a very fine shower 
occurred at 35°, and a dense shower at 26°, causing the temperature 
to rise 0°3°. 

Expt. 18.—Composition: NaNO,=43°479, Pb(NO,), = 13-055, 
H,O= 43-466 per cent. This solution was covered with a layer of 
warm oil. The index rose from 1°401201 at 61° to 1409754 at 26° 
and then fell suddenly to 1°408123 at 245°. It then rose slowly, 
reaching 1:408429 at 17°. Crystals first appeared at 31°, and a 
dense shower occurred at 24°5°, causing the temperature to 
rise 0°3°. 

Expt. 19.—Composition: NaNO,=43°470, Pb(NO,), =13:052, 
H,O =43°478 per cent. The index rose from 1°401608 at 63° to 
1:410460 at 26°, and fell from this value to 1°408022 at 19°5°. It 
then rose again to 1°408430 at 17°. Crystals appeared at 35°, and 
a dense shower fell at 25°, causing the solution to rise 1° in 
temperature. 

Expt. 20.—Composition: NaNO,=42°601, Pb(NO,),=13:253, 
H,O=44:146 per cent. The index rose from 1°401405 at 59° to 
1409855 at 24°, and fell from this value to 1°408123 at 218. 
Crystals first appeared floating on the surface at 33°, and a shower of 
crystals occurred at 23°5°, fine at first, but becoming opaque after five 
minutes. 

Expt. 21.—Composition: NaNO,=42:238, Pb(NO,),=13°341, 
H,O=44'415 per cent. The index rose from 1399147 at 65° to 
1°409550 at 20°5°, and fell from this value to 1406800 at 12° This 
mixture was covered with a layer of warm oil. A minute crystal 
appeared at 23°. A shower occurred at 19°4° which became somewhat 
dense in time. At 19°2° the solution was clear. 

Expt. 22.—Composition: NaNO,=42:211, Pb(NO,),= 13:73, 
H,O=44°416 per cent. The index rose from 1:401811 at 54° to 
1°409042 at 23°, and fell from this value to 1°408378 at 19°25°. The 
index then remained approximately constant until the temperature 
reached 15°, Crystals first appeared at 30°, A fine shower occurred 
at 25°, and a dense shower at 20°, 
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Experiments with Sealed Tubes. 


An attempt was made to verify the supersolubility curve 7’ obtained 
from the refractive indices by the independent method which was 
employed with simple solutions. 

Solutions containing sodium nitrate, lead nitrate, and water were 
enclosed in sealed test-tubes. The proportion of lead nitrate to water 
yas 3:10, whilst the amount of sodium nitrate varied from 43:18 to 
49°81 parts to 100 parts of solution. ; 

The tubes were immersed in boiling water and shaken vigorously by 
hand from time to time until all the crystals were dissolved ; they were 
then laid in a horizontal position on a rocker immersed in a hot-water 
bath, and shaken backwards and forwards on it by means of an 
electric motor. 

The temperature at which crystals appeared in the tubes may be 
the temperature of spontaneous crystallisation or some lower 
temperature. 

These solutions did not, on the whole, give such consistent results 
as did the simple solutions, as will be seen from the following 
experiments : 

Expt. 23.—Composition: Pb(NO,),=12°875, NaNO,=43°182, 
H,0=43'943 per cent, This tube was boiled in water to dissolve 
all the crystals, and then shaken in the water-bath. It was cooled to 
13° without formation of crystals. It will be seen from Fig. 1, 
obtained from the refractive indices of the solutions, that the solution 
in this tube should have crystallised spontaneously at 23°. The 
solution was somewhat viscous. The next morning a large sodium 
nitrate crystal had appeared in the tube, the temperature of which 
had not fallen below 12°. 

Expt. 24.—Composition: Pb(NO,),=12°975, NaNO,=43°777, 
H,O=43:'248 per cent. This tube should have crystallised at 25° 
according to Fig, 1. It was boiled for eighteen hours to dissolve the 
crystals, but when shaken in the hot-water bath the solution did not 
crystallise until the temperature reached 21°, 

Expt. 25.—Composition: Pb(NO,),=12°777, NaNO, =44°634, 
H,0=42°589 per cent. From Fig. 1 the temperature of sponta- 
neous crystallisation for this tube should be 29°2°. Crystals appeared 
in the tube at 29°5°, In this case the tube was boiled for one hour 
only to dissolve the crystals. 

Expt. 26.—Composition: Pb(NO,),=12:944, NaNO,=45°113, 
H,0= 41-943 per cent. From Fig. 1 the temperature of spontaneous 
crystallisation for this tube is 31°5°. The tube was boiled for 
one hour to dissolve the crystals, and, when cooled in the water-bath, 

DD 2 
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it yielded crystals in a shower at 31°. When this tube was heated 
in boiling water for eighteen hours, the shower of crystals did not 
occur until the temperature fell to 29°. The solution also crystallised 
at 28°5°, after being heated in boiling water for a whole night. 

Expt. 27.—Composition: Pb(NO,),=12°454, NaNO, = 46-030, 
H,O=41°516 per cent. From Fig. 1 the temperature of spontaneous 
crystallisation for this solution is 35°. When the tube was boiled 
in water for one hour, and then cooled in a hot-water bath and 
shaken continually, crystals first appeared at 34°8°. When, however, 
the tube was left in boiling water for a whole night and then cooled, 
spontaneous crystallisation did not occur until 29°. 

Expt. 28.—Composition: Pb(NO,), = 12°50, NaNO, = 47-28, 
H,O = 40°22 per cent. From Fig. 1 the temperature of spontaneous 
crystallisation for this solution is 415°. The tube was boiled for 
one hour, and then shaken continually while cooling in the water. 
bath. Crystals appeared in a shower at 41°. 

Expt. 29.—Composition: Pb(NO,), = 11°811, NaNO, = 48°820, 
H,O = 39°369 per cent. From Fig. 1 the temperature of spontaneous 
crystallisation for this solution is 50°5°. When the tube was boiled 
in water for a few hours, then cooled in a hot-water bath and 
shaken continually by hand, crystals first appeared at 51°. When the 
tube was boiled for a whole night, spontaneous crystallisation did not 
occur until 49°5°. This tube contained angular fragments of glass, 

Expt. 30.—Composition: Pb(NO,), = 11°642, NaNO, = 49°55, 
H,O = 38°806 per cent. From Fig, 1 the temperature of spontaneous 
crystallisation for this solution is 54°5°, When the tube was boiled 
for a few hours and then allowed to cool in a water-bath while it 
was rocked by means of an electric motor, crystals first appeared at 
54°. When boiled for a longer period, crystals did not appear until 
51°5°. This tube also contained angular glass fragments. 

Expt. 31.—Composition: Pb(NO,), = 11°583, NaNO, = 49°810, 
H,0 = 38°607 per cent. This tube was boiled for several hours and 
then shaken continually while it was allowed to cool in a hot-water 
bath. Crystals appeared spontaneously at 56°5°. None of the experi- 
ments in the open trough has been made with solutions containing 
so large a quantity of sodium nitrate, but it will be seen from Fig. 1 
that this experiment gives a point on the continuation of the super- 
solubility curve already obtained. This tube also contained angular 
glass fragments. 

It appears from these experiments that the solutions erystallise very 
approximately on the supersolubility curve as determined from the 
refractive index provided they are not boiled for more than a few hours 
before they are allowed to cool. The crystals in all the tubes appeared 
to be completely dissolved in this time, and the tubes were always 
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saken vigorously by hand to aid the process. If, however, the tubes 
yere boiled for a longer period, such as from eighteen to thirty hours, 
the solutions did not crystallise at temperatures corresponding with 
the supersolubility curve. Mere shaking was not enough to cause 
them to crystallise, and they passed into the labile state and became 
very viscous before the shower of crystals appeared. The tubes con- 
taining the larger amounts of sodium nitrate crystallise spontaneously 
at temperatures which show that the supersolubility curve changes its 
direction above 40° and bends towards the solubility curve. This 
agrees with the experiments on the refractive indices of the solu- 
tions. It was noticed that in the tubes of this set containing the 
larger amounts of sodium nitrate, the crystals which first made their 
appearance were very few and grew slowly. After the tempera- 
ture had fallen considerably, however, an opaque shower of crystals 
appeared in the tubes. This behaviour appears to correspond with 
the second opaque showers already observed in the experiments on 
the refractive indices of some of the stronger solutions made in the 
trough of the goniometer. 


The Effect of Rapid Cooling. 


Expt. 32.—By means of the new goniometer, it was possible to 
investigate the effect of rapidly cooling the solutions. Cold water was 
passed over the sides of the trough containing the warm solution, 
while the changes in its index were watched. 

A solution of sodium nitrate in a 3:10 solution of lead nitrate and 
water was heated and poured into the trough at about 70°. The 
composition of the solution was NaNO, = 45°833, Pb(NO,), = 12-500, 
H,0=41°666 per cent. It was covered with a layer of warm oil, and 
then rapidly cooled and stirred continually. 

The index rose from 1°401808 at 70° to 1°411268 at 24°5°, and then 
fell from this value to 1°406969 at 13°8°. Crystals appeared in the 
trough at about 40°, and a shower took place at 245° A 
further opaque shower of crystals occurred at 20°5°, raising the 
temperature to 21°. 

The solution cooled from 70° to 20° in seventeen minutes, and from 
20° to 13°8° in twenty-six minutes. 

If the solution had been allowed to cool gradually under the same 
conditions, crystals would probably have first appeared in the trough at 
about 43°, the temperature of saturation, and the index would have 
reached a maximum of about 1°410 at 33°, and then have decreased 
again as in experiment 12, in which the solution had approximately the 
same constitution. The rapid cooling therefore causes the solution 
to pass into the labile state, as may be seen from Fig. 1. 
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Expt. 33.—In a second experiment, the solution was also cooled 
rapidly in the same manner. 

The composition of the solution was NaNO, = 43:478, Pb(NO,), = 
13:044, H,O = 43-478 per cent., the proportion of lead nitrate to water 
being 3:10, as before. The solution was poured into the trough at 
about 70° and immediately covered with a layer of warm oil. It was 
then cooled rapidly by passing cold water over the sides of the trough, 
The index rose from 1°401709 at 61° to 1°411302 at 17-5°, and then 
fell from this value to 1408055 at 14:2°. The cooling was effected in 
about half an hour, Crystals first appeared at 35°, and a slight 
Shower of crystals occurred at 17°5° At 15° an opaque shower 
occurred, causing the temperature to rise to 15°5°. If allowed to cool 
gradually, crystals would probably have appeared in this solution at 
about 31°, and the index would have reached a maximum of about 
1:4097 at 25°. In this experiment also, therefore, the rapid cooling 
causes the solution to pass far into the labile state, and to give a 
maximum index distinctly greater than that which would have been 
attained had the solution been cooled gradually. 


The Effect of Prolonged Heating. 


Expts. 34 and 35.—In the following experiments the solutions were 


heated and placed in the goniometer trough, which had been previously 
heated to about 50° by passing hot water over the sides of the trough. 
The solution was immediately covered with a layer of warm olive oil, 
and hot water was continually passed over the sides of the trough to 
delay the rate of cooling. The composition of the solution treated in 
this manner was NaNO, = 43:478, Pb(NO,),=13-044, H,O = 43-478 
per cent., the proportion of water to lead nitrate being 10:3, as in the 
preceding experiments, 

The solution was placed in the trough at 70° and cooled gradually, 
the temperature of the hot water passing over the sides of the trough 
being about 50°. 

The index rose from 1°399844 at 70° to 1404610 at 50°, somewhat 
rapidly at first and then very slowly. It remained approximately 
constant at this temperature for three-quarters of an hour, no crystals 
appearing in the trough during this time. Comparison with Fig. | 
shows the solution to be unsaturated at this temperature. ‘The 
temperature of the water passing over the sides of the trough was then 
lowered to about 30°, when the index began to rise again from 1°404610 
at 50° to 1:409262 at 282°, and remained very approximately 
constant at this temperature for three-quarters of an hour. It may be 
seen from the diagram that the solution is now in the metastable 
state. Crystals appeared in the trough at 33° just after the solubility 
curve S was crossed, The stream of water over the sides of the 
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trough was then stopped, and the solution was allowed to cool 
naturally, the index rising from 1:409262 at 28:2° to 1-409873 at 24°, 


COoled 


'0,)= fy where it just touched the supersolubility curve, and then falling from 
water Mf this value to 1408309 at 21°. An opaque shower of crystals occurred 
igh at ME inthe trough at 22°. Therefore, beyond causing slight irregularities in 


It was the index-temperature curve at 50° and 28:2°, the prolonged heating 
rough, of the solu'ion at these temperatures produces no effect, and the 
1 then results of this experiment, if plotted on Fig. 1, will not differ from 


‘ed in any of the preceding experiments in general character. 
slight In another experiment the temperature of the solution was again 
hower kept from falling for a considerable time, but the general result was the 


ame as before, the index rising, with slight irregularities, until 
the supersolubility curve was reached, and then falling again. 
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Effect of introducing a Mass of Crystals into a just saturated Solution. 


Expt. 36.—In the following experiment a solution containing 45 per 
cent. of sodium nitrate and 55 per cent. of a 3 : 10 lead nitrate solution 
in water was heated to 70°, placed in the warm trough of the goniometer, 
and immediately covered with a layer of warm olive oil. It was stirred 
vigorously, ‘his solution is just saturated with respect to sodium 
nitrate at about 41°5°, and its index was observed to rise from 1°402231 


were 
usly at 68° to 1°408513 at 41°, no crystals having yet appeared in the 
ugh, trough. At 40° a quantity of sodium nitrate crystals warmed to 40° 


was suddenly introduced into the saturated solution, bringing the 


> oil, 
h to percentage of sodium nitrate up to 49. The introduction of these 
d in crystals caused a dense shower to appear in the solution, but no 
‘478 appreciable change of temperature. The index, however, began to 
the fall at; once from 1°408513 at 41° to 1°408105 at 40°; it then rose 
again, reaching 1°408987 at 34°. A second fine shower occurred at 
lly, 34°, and the index fell again, reaching 1:407766 at 29°, and then rose 
ugh until it reached 1°408547 at 18°. Had the original solution contain- 


ing 45 per cent. of sodium nitrate been stirred and allowed to cool 
gradually without introducing the excess of sodium nitrate crystals, 
the index would have risen steadily to about 1°4102 at 31°5°, the labile 
temperature. The introduction of the crystals, however, appears to 
relieve the supersaturation at once and prevent the solution from ever 
reaching the supersolubility curve. The solution remains in the 
metastable region as the temperature falls, and finally oscillates about 


10 the solubility curve, as in some of the preceding experiments. In 
ely fact, after the introduction of the extra crystals, bringing the percentage 
be of sodium nitrate up to 49, the solution behaves as if it had always 


contained this amonnt and had reached the supersolubility curve at 
some higher temperature, the concentration of the solution falling 
immediately the excess of crystals was introduced. 
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Solubility Curve. 


Fig. 1 also contains the solubility curve S, which shows the 
percentage of sodium nitrate in a saturated solution of lead nitrate and 
water (in the proportion of 3: 10) at different temperatures, 

The solubility curve S was determined by the method used and 
described by Hartley (Trans., 1906, 89, 1015). 

Weighed quantities of sodium nitrate and lead nitrate solution were 
enclosed in sealed tubes of Jena glass. They were then heated in a 
water-bath until all the crystals had dissolved with the exception of 
one or two very small sodium nitrate crystals, which were preserved 
at the upper end of the tube. The tubes containing these crystals 
were then shaken continually and watched as they cooled in a beaker 
of water. The small crystals appeared to dissolve at first, and their 
edges became rounded until the water-bath fell to a certain temperature, 
after which the crystals were seen to grow, their edges becoming 
quite sharp. This change is quite distinct, and the temperature at 
which it occurs is taken as the temperature of saturation. 

In experiments 37, 38, 39, 40, 48, 49, 50, 51 and 52, the tubes were 
not sealed, but were firmly closed with a rubber stopper. In these 
tubes the crystals were dissolved by boiling, and the solutions were 
then inoculated with a minute crystal of sodium nitrate. This 
erystal at first begins to dissolve in the warm solution, but when 
the temperature has fallen to a certain point it begins to grow again, 
and forms a slight metastable shower around itself. This temperature 
is taken to be the temperature of saturation. Each experiment was 
repeated once or twice, and the results obtained never varied more 
than about 0°5°. The mean of the values was taken as the true 
temperature of saturation. 

The following are the results obtained : 

Percentage composition of the solution. Temper- 

Fa ae ature of satur- 
Experiment. NaNO,. Pb(NOs)o. H,0. ation for NaNO. 

37 40°97 13°622 45°408 21" 
38 41°5 13°5 45°0 24 
39 42°037 13°376 44°587 26°5 
40 42°500 13°269 44°231 28°5 
41 43°182 12°875 43°943 
42 44°605 12°751 42°644 
43 44°634 12°777 42°589 
44 45°113 12°944 41943 
45 45°700 12°407 41°893 
46 12°454 41°516 
47 “3 12°50 40°22 
48 aly 11°994 39°986 
49 *426 11°902 39°672 
50 "025 11°763 39°212 


51 50% 11°653 38°845 
52 "92: 11°556 38°521 
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These results when plotted on Fig. 1 are seen to lie very 
approximately on a straight line S, the solubility curve for sodium 
nitrate in a 30 per cent. solution of lead nitrate and water. ‘The line 
J is inclined at a small angle to the supersolubility curve 7’, and: is 
separated from it by an interval of about 7° of temperature at the 
upper end, 9°5° of temperature at the centre, and 4'5° of temperature 
at the lower end of the diagram. 

It is to be noted that throughout the whole of this series of 
experiments the crystals separating from the solutions as they cooled 
were examined from time to time under the microscope, and in every 
ease they were found to be ordinary rhombohedra of sodium nitrate. 


Fig. 3. 
Cc NaNO; 


B 
Pb(NO3/2 


Water 


Fig. 1 may be regarded as a section of the surface which gives the 
temperatures of solidification of all mixtures of the three substances 
water, sodium nitrate, and lead nitrate. This is a solid figure having 
an equilateral triangle ABC as base (Fig. 3), in which the concentra- 
tion at any point of the solid figure is given by the projections of the 
perpendicular distances of the point from the sides of the triangle, the 
temperature being measured perpendicular to the plane of the paper. 
The corners A, B, C, of the triangle represent the substances water, 
lead nitrate, and sodium nitrate respectively. Since in the above 
experiments the ratio of the quantity of lead nitrate to water was 
kept constant for all the solutions examined, Fig. 1 represents a section 
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of the surface by a plane passing through the edge C of the right 
prism of which ABC is the base, in a direction given by the ratio 3: 10, 
and perpendicular to the plane of the paper. 


Second Set of Eaperiments.—Solutions containing Excess of Lead 
Nitrate. 


In the second set of experiments, the proportion of sodium nitrate 
to water was kept constant and the amount of lead nitrate varied in 
the different solutions. Throughout this set of seventeen experiments, 
the proportion of sodium nitrate to water was very approximately as 
75:100, whilst the amount of lead nitrate varied from 24°893 to 
19°739, the whole solution being taken as 100. As in the first set of 
experiments, the solutions were placed in the goniometer trough at 
about 60°, and their refractive indices were observed as they cooled to 
about 15°. 

Throughout this set of experiments, octahedra of lead nitrate 
crystallised out of the solutions as they cooled, but no sodium 
nitrate separated. 

Fig. 4 gives the results of all the experiments of this set. In nine 
of these experiments, the solutions were introduced into the trough at 
a high temperature and immediately covered with a layer of hot olive 
oil. This prevented any evaporation from the surface of the trough, 
and until crystals began to form in the solution the concentration was 
consequently constant. 

From the results of five of these experiments with oil-covered 
solutions, curves of constant refractive index were plotted on a con- 
centration-temperature diagram. These curves were drawn for the 
following values of refractive index: 1°405, 1°406, 1°407, 1:408, 1:409, 
1°410, 1°411, 1°412, 1°413, and are shown on the diagram. They were 
found to be very approximately straight lines parallel to each other 
and equidistant, inclined at an angle of 52° 59’ to the temperature axis, 
the scale being such that 1 per cent. of lead nitrate corresponds with 
10° of temperature. 

If a line be drawn perpendicular to these constant index curves, it 
will be possible as before to measure along this line the refractive 
index of any solution as it cools. 

The curves on Fig. 4, showing the behaviour of the various 
solutions, are all plotted from the observed values of their refractive 
indices as they cooled, in the manner indicated above. 

In the remaining eight experiments of this set, the solutions were 
not covered with a layer of olive oil as soon as they were introduced 
into the trough, so that evaporation from the surface of the liquid 
caused a slight increase in the concentration of the solutions through- 
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out the experiments. As in the experiments of the first set, all the 
lutions were stirred vigorously as they cooled. 


Description of Fig. 4. 


The curves on the diagram show that the concentrations of the 
solutions vary little at first as they cool from about 60°, whilst the 
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refractive indices rise steadily with fall of temperature. There arp 
sometimes slight irregularities in the curves where they cross the 
solubility curve 8. Here crystals usually make their appearance, after 
which the concentration generally drops slightly for the various 
solutions. The refractive indices, however, continue to rise until they 
reach a maximum, and then fall again, slowly at first and then very 
rapidly until the curves finally touch the solubility curve S. Shortly 
after the maximum index is reached, a dense shower of crystals takes 
place throughout the solution, causing the rapid fall in the index 
and concentration. The diagram shows that at the points where 
the solutions reach their maximum indices all the curves approxi- 
' mately touch a continuous curve 7’. This curve 7’ is almost a 
straight line parallel to the solubility curve S for temperatures 
varying from 20° to 40°. Above 40°, however, the curve bends 
towards the solubility curve S, and indicates that the metastable 
region for the stronger solutions examined is considerably narrower 
than the metastable area for the weaker solutions. This curve 7'is 
the supersolubility curve for the set of mixtures containing from 
24°893 to 19°739 per cent. of lead nitrate in a solution of sodium 
nitrate and water, the proportion of sodium nitrate to water being 
3:4, and divides the metastable from the labile region. 


Behaviour of Mixed Solutions of this Set compared with Simple 
Solutions. 


The behaviour of the majority of the solutions of this set does not 
differ from that of the simple solutions in any essential details. In 
solutions containing less than 24°242 per cent. of lead nitrate, the 
refractive index rises to a maximum as the temperature falls, and then 
falls suddenly. Crystals appeared on the upward branch of the index- 
temperature curve, usually causing a very slight irregularity in the 
curve. The index continues to rise to a maximum and then falls very 
suddenly, a dense shower of crystals taking place during the fall in 
index. The rest of the solutions of this set, containing from 24°242 to 
24°893 per cent. of lead nitrate, behaved in the same way except that 
after the index had risen to a maximum there was no sudden shower 
of crystals, but crystals grew rapidly at the bottom of the trough and 
the concentration streams rising from them were very marked. 

The solutions of this set, however, differ from those of the previous 
one in that (i) there is no fine shower while the index is rising in the 
metastable region, as was the case with some of the solutions of that 
set ; and (ii) the fall in index after the maximum index is reached is 
very sudden, but does not then become oscillatory as in some of the 
solutions of the first set. 
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The following are the results for the set of experiments described 

ve : 
en 53.—Composition: H,O = 45°856, NaNO, = 54-405, Pb(NO,), = 
19739 per cent. The index rose from 1:405274 at 49° to 1-411880 
at 20°, and then fell rapidly to 1:408530 at 19°. Crystals appeared 
at 30°, and a shower of crystals occurred at 20°. 

Expt. 54. Composition: H,O = 45°444, NaNO, = 34:101, Pb(NO,),. = 
90455 per cent. This solution was covered with warm oil. The 
index rose from 1°403133 at 60° to 1°411472 at 23°8°, and fell from 
this value to 1°410663 at 21°7°. Crystals first appeared at 28°. 

Expt. 55. Composition : H,O = 45-450, NaNO, = 34:089, Pb(NO,), = 
90461 per cent. The index rose from 1°406296 at 48° to 1°411471 
at 25°, and then fell from this value to 1°409652 at 225°. Crystals 
first appeared at 33°, and a fine shower occurred at 225°. 

Expt. 56.—Composition : H,O = 45-439, NaNO, = 34:091, Pb(NO,), = 
20470 per cent. The index rose from 1:406090 at 50° to 1°412591 
at 22°5°, and then fell from this value to 1:407613 at 18°. Crystals 
appeared at 32°, and a shower of crystals occurred at 22°5° which 
became very dense at 21°5°. 

Expt. 57.—Composition: H,O = 44-940, NaNO, = 33-722, Pb(NO,), = 
21:338 per cent. This solution was covered with a layer of warm 
oil. The index rose from 1°405477 at 57° to 1°412591 at 25°, and 
then fell from this value to 1:410967 at 21°6°. Crystals first 
appeared at 34°5°. The stirring was stopped as soon as the tempera- 
ture had fallen to 25°. 

Expt. 58.—Composition : H,O = 44:934, NaNO, = 33-703, Pb(NO,), = 
21363 per cent. The index rose from 1°405376 at 60° to 1°412389 
at 31°, and then fell from this value to 1:407817 at 24°. Crystals 
appeared at 40°, and a shower of crystals occurred at 30°5°. 

Expt. 59.—Composition : H,O = 44:714, NaNO, = 33°594, Pb(NO,), = 
21692 per cent. The index rose from 1°405783 at 59° to 1°413095 
at 29°, and then fell from this value to 1°408225 at 23°. Crystals 
first appeared at 45°5°, and a slight shower occurred at 28° which 
became dense at 27°. | 

Expt. 60.—Composition: H,O = 44634, NaNO, = 33°493, Pb(NO;). = 
21872 per cent. This solution was covered with a layer of warm oil. 
The index rose from 1°404865 at 61° to 1:412895 at 28°, and then fell 
from this value to 1:410663 at 25°. Crystals first appeared at 38° 
which grew rapidly at 29°, but no shower occurred in the solution. 

Expt. 61.—Composition: H,O = 44447, NaNO, = 33°352, 
Pb(NO,), = 22°201 per cent. The index rose from 1:407411 at 57:5° 
to 1:413905 at 31°, and then fell from this value to 1°408021 at 23°. 
Crystals first appeared at 40°. A slight shower of crystals occurred 
at 29° which became dense at 27°. i 
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Expt. 62.—Composition: H,O0 = 43°95], NaNO, = 32:967, 
Pb(NO,), = 23°083 per cent. The index rose from 1:408072 at 58° tg 
1:414107 at 33°, and then fell from this value to 1°407411 at 235° 
Crystals first appeared floating at 55°, and at the bottom of the 
trough at 49°5°. <A slight shower occurred at 29° which became 
dense at lower temperatures. 

Expt. 63.—Composition: H,O = 43°942, NaNO, = 32975, 
Pb(NO,), = 23-083 per cent. This solution was covered with warm 
oil. The index rose from 1°407920 at 58° to 1°412844 at 36° and 
fell from this value to 1°412287 at 33°. Crystals appeared at 47°, 

Expt. 64.—Composition: H,O0 = 43°475, NaNO, = 32-611, 
Pb(NO,), = 23°914 per cent. The index rose from 1°410460 at 56° to 
1°414005 at 38°5°, and then fell from this value to 1407513 at 23° 
Crystals appeared at 56°, and a dense cloud of crystals occurred 
at 37°5°. 

Expt, 65.—Composition: H,O = 43:459, NaNO, = 32:616, 
Pb(NO,), = 23'925 per cent. This solution was covered with a layer 
of warm oil. The index rose from 1°407816 at 63° to 1:413602 at 
38°, and then fell from this value to 1°408836 at 29°. Crystals first 
appeared at 50°. 

Expt. 66.—Composition: H,Q = 43:196, NaNO, = 32398, 
Pb(NO,), = 24'406 per cent. This solution was examined by the new 
inverted goniometer, the trough of which contains a much larger 
quantity of solution than that used in the previous experiments. The 
trough was warmed to about 50° before introducing the solution, which 
was immediately covered with a layer of warm olive oil. The index 
rose from 1°409584 at 62° to 1°412995 at 44°, and then fell from this 
value to 1°407581 at 21°. Crystals first appeared at 54°. No shower 
of crystals was seen, but after the highest index was reached the con- 
centration streams were very marked and were seen rising from the 
bottom of the trough, 

Expt. 67.—Composition: H,O = 43011, NaNO, = 32:258, 
Pb(NO,), = 24°731 per cent. This solution was also examined in the 
trough of the new goniometer. The trough was heated to 40° before 
introducing the solution, which was then covered with a layer of olive 
oil. The index rose from 1°409279 at 62°5° to 1°413197 at 43°, and 
then fell from this value to 1407311 at 19°. Orystals appeared at 
52°, An extremely slight shower of very small crystals occurred at 
40°, and, asin the previous experiment, the concentration streams were 

very marked after the highest index was reached. 

Expt. 68.—Composition: H,O = 43:103, NaNO, = 32°328, 
Pb(NO,), = 24569 per vent. This solution was examined in the 
trough of the new goniometer, which was heated to 40° before introduc- 
ing the solution. The solution was covered with a layer of warm olive 
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oil, The index rose from 1:406733 at 73° to 1412927 at 46°, and fell 
from this value to 1°408258 at 20°5°. Crystals appeared at 58°, and ° 


23:50 an extremely slight shower of very small crystals occurred at 45°. 
f the The concentration streams were very marked in this experiment 
Ccame also. 

Expt. 69.—Composition: H,O = 42°919, NaNO, = 32°188, 
2975, Pb(NO,),= 24893 per cent. The solution was examined in the 
warm trough of the new goniometer. The trough was heated to 45° before 
» and introducing the solution, which was immediately covered with a layer 


of warm olive oil. The index rose from 1°408936 at 64° to 1°412254 


‘611, at 47°, and fell from this value to 1:407411 at 27°. Crystals appeared 
° to at 58°. No shower occurred in this experiment, but crystals grew 
23°, rapidly at the bottom of the trough, and the concentration streams 


were very marked. 


Experiments with Sealed T'ubes. 


The supersolubility curve determined by the refractive indices for 
this set of experiments was also checked by the method of sealed 
tubes as already described (p. 393). 

The solutions containing lead nitrate, sodium nitrate and water 


08, 
oW were enclosed in sealed tubes, the proportion of sodium nitrate to 
er water being always 3:4, whilst the amount of lead nitrate varied 
he from 24°933 to 20°328 parts to 100 parts of solution for the different 
sh tubes. 

The tubes were heated in hot water to dissolve the crystals; they 


were then allowed to cool gradually in a water-bath, and as they 
cooled they were either shaken by hand or rocked by means of an 
electric motor. 

The temperature at which crystals appeared in the tubes was taken 
to be the temperature of spontaneous crystallisation. 

The following results were obtained: 

Expt. 70.—Composition: H,O = 42°895, NaNO, = 32'172, Pb(NO,), = 
24933 per cent, This tube was heated to 90° for twenty-four hours, and, 
the crystals having completely dissolved, was shaken by hand as it cooled 
in a water-bath, Lead nitrate crystals appeared at 56°. The ex- 
periment was repeated after heating the tube again to 90° for thirty- 
six hours, On cooling again and shaking by hand, crystals appeared 
at 55°. This tube contained angular fragments of glass with the 
solution. The crystals which first appeared were few and very small, 
and a shower of crystals did not occur until 2 much lower temperature 
was reached, 

Expt. 71.—Composition: H,O = 42:926, NaNO, = 32°194, Pb(NO,), = 
24880 per cent. This tube was heated to 102° for two hours to dissolve 
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the crystals, and then shaken by hand in a water-bath. Crystals first 
appeared at 55°, but were very few and small ; a shower did not ocey 
until a much lower temperature. This tube also contained angular 
fragments of glass with the solution. 

Expt. 72.—Composition : H,O = 43-128, NaNO, = 32346, Pb(NO,), = 
24°526 per cent. This tube was heated to 102° fee two hours and then 
shaken by hand in a water-bath. Crystals appeared in a slight 
shower at 47°. The experiment was repeated after heating again to 90° 
for thirty-six hours to dissolve the crystals, and on cooling a slight 
shower occurred at 49°. This tube also contained angular fragments 
of glass. 

Expt. 73.—Composition: HO = 43:282, NaNO, = 32°462, Pb(NO,), = 
24°256 per cent. This tube was heated to 90° for twenty-four hours to 
dissolve the crystals, and shaken by hand in a water-bath. Crystals 
first appeared in a shower at 46°. The experiment was repeated, and the 
tube was heated again to 90° for thirty-six hours. The shower of 
crystals then appeared at 45°. This tube also contained angular 
fragments of glass. 

Expt. 74.— Composition: H,O = 43'290, NaNO, = 32°468, Pb(NO,), = 
24°242 per cent. This tube was heated to 102° for two hours to dissolve 
the crystals, and then shaken by hand in a water-bath. Crystals 
appeared in a slight shower at 44°. This tube also contained glass 
fragments. 

Expt. 75.—Composition: H,O = 43°469, NaNO, = 32°601, Pb(NO,), = 
23:930 per cent. This tube was heated to 75° for twenty-four hours, 
and shaken on the rocker as it cooled in a water-bath. Crystals 
appeared in a shower at 39°. When heated for four days and nights 
at 85°, no crystals appeared until the temperature had fallen to 27°5°. 
This tube did not contain angular glass fragments. 

Expt. 76.—Composition: H,O = 43°721, NaNO, = 32-791, Pb(NO,),= 
23°488 per cent. This tube was heated to 100° for two and a-half 
hours, and then shaken by hand in a water-bath. Crystals appeared 
in a shower at 37:5°. The tube contained angular fragments of 
glass. 

Expt. 77.—Composition: H,O = 43-917, NaNO, = 32-938, Pb(NO,),= 
23°145 per cent. This tube was heated for two hours to 100° to 
dissolve the crystals, and then shaken by hand as it cooled in a water- 
bath. Crystals appeared in a shower at 31°. This tube did not 
contain angular fragments of glass. 

Expt. 78.—Composition : H,O = 44-464, NaNO, = 33:348, Pb(NO,),= 
22°188 per cent. This tube was heated for twenty-four hours to 
about 75° or 80°, and shaken on the rocker as it cooled in a water- 
bath. Crystals appeared in a shower at 29°. The tube was heated 
again to 85° for four days and nights to dissolve the crystals, and 
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shen shaken in the cooling water-bath crystals appeared at 27:5° in a 


hower. 

' Expt. 79.—Composition: H,O = 44-942, NaNO, = 33706, Pb(NO,). = 
91'352 per cent. This tube was heated to 85° for four days and nights, 
and then shaken on a rocker in a cooliog water-bath. This solution 
becomes labile at 25°, bat no shower occurred in the tube though it 
yas cooled gradually to 15°. After the lapse of a day or two, a 
large lead nitrate crystal had formed in the tube, the temperature 
of which had not fallen below 12°. The experiment was repeated, 
and the tube heated to 100° for two hours to dissolve all solid 
material The same result was obtained, the tube being cooled 
to the temperature of the room and shaken violently by hand without 
crystals appearing. This tube contained no angular glass fr:gments. 

Expt. 80,—Composition: H,V = 45°527, NaNO, = 34-145, Pb(NO,), = 
90-328 per cent. This tube was heated for four days and nights to 
85° to dissolve the crystals, and shaken on the rocker as it cooled. It 
was cooled to 15° without any crystals appearing, although the 
solution becomes labile at about 21°. A single large lead nitrate 
crystal appeared after the lapse of a few days. The tube was then 
heated ayain for two hours to 100°, but was again cooled gradually to 
15° without crystals having made their appearance, although shaken 
violently by hand continually. This tube did not contain any glass 
fragments. 

From these experiments it appears that the solutions in the sealed 
tubes crystallise at temperatures which coincide approximately with 
those given by the supersolubility curve as determined by the 
refractive indices. Internal friction by means of angular glass 
fragments appears to be necessary to bring down the crystals on the 
supersolubility curve, otherwise the solutions pass into the labile 
state without crystallising, as in experiments 79 and 80 above. 
This was also found to be the case with sodium chlorate, as 
mentioned in the previous paper on spontaneous crystallisation. 
Provided the tubes contain the glass fragments, the length of time 
during which the tubes are heated does not appear to have much effect 
on the temperature of spontaneous crystallisation. The contents of 
the tubes containing tne larger amounts of lead nitrate are seen to 
crystallise spontaneously at temperatures which show that the 
supersolubility curve changes its direction somewhat above 40°, and 
bends towards the solubility curve. From Fig. 4 it is seen that this 
change in the direction of the supersolubility curve above 40° is also 
indicated by the experiments on the refractive indices, 
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The Effect of Rapid Cooling. 


The effect of rapid cooling was also investigated for this serieg of 
solutions, the method being the same as that described on p. 395, 

Expt. 81.—The concentration of the solution was H,O= 44-059 
NaNO, = 33°040, Pb(NO,), = 22°908 per cent., the proportion of sodium 
nitrate to water being 3: 4. 

The solution was poured into the warm trough at about 70°, covered 
with a layer of warm olive oil, and cooled rapidly by passing cold 
water over the sides of the trough. The index rose from 1°406937 at 
61° to 1°417443 at 16°, and then feli from this value to 1°411033 at 
13°, the time taken being sixteen minutes to cool from 65° to 20°, and 
half an hour to fall from 20° to 13°. Crystals first appeared at 22°5°, 
and a fine shower occurred at 15°. 

If allowed to cool gradually under the same conditions, crystals 
would probably have first appeared at about 49°, the temperature of 
saturation, and the index would have reached a maximum of about 
1:4138 at 32°5°, and then have decreased again as in experiment 61, in 
which the solution had approximately the same constitution. The 
rapid cooling, therefore, causes the solution to pass far into the labile 
state. This curve is not shown on the diagram; on crossing the 
supersolubility curve it showed a distinct irregularity. 

Expt. 82.—In a second experiment, the solution was again rapidly 
cooled in the same manner. ‘The concentration of the solution was 
H,O = 44444, NaNO, = 33°333, Pb(NO,), = 22'222 per cent., the pro- 
portion of sodium nitrate to water being 3:4, as before. The solu- 
tion was poured into the warm trough at 70°, and immediately covered 
with a layer of warm olive oil. It was then cooled rapidly by passing 
cold water over the sides of the trough. 

The index rose from 1°404797 at 65° to 1415211 at 18°, and fell 
from this value to 1:406869 at 11°5°. Crystals first appeared in a 
fine shower at 20° which became dense at 18°. If allowed to cool 
gradually, crystals would probably have appeared in this solution at 
about 34°, the temperature of saturation, and the index would have 
reached a maximum of about 1:4133 at 28°. In this experiment also, 
therefore, the rapid cooling causes the solution to pass far into the 
labile state. 

Solubility Curve. 


The solubility curve S on Fig. 4 shows the percentage of lead 
nitrate in a saturated solution of sodium nitrate and water in the 
proportion of 3: 4. 

The curve was determined in the manner already described on 


p. 398. 
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In experiments 83, 84, 85, 86, 87, and 88, the tubes were sealed, 
while in experiments 89, 90, and 91, the tubes were closed firmly with 


a rubber stopper. 
The compositions of the solutions contained in these tubes are 


given below. 

In all cases the solutions were inoculated with a minute crystal of 
lead nitrate in the manner described on p. 398, and the growth of the 
immersed crystal gives the temperature of saturation. 

The following results were obtained : 


Percentage com- 
position of the solution. Temperature of 
c- saturation of lead nitrate 
Experiment. H,0. NaNO3. Pb(NOy)o. in the solution. 
83 45°892 34°420 19°688 32°, 32° 
84 45527 34°145 20°328 35'5° 
85 44°942 33°706 21°352 38°5°, 40°5°, 40°5° 
86 44°464 33°348 22°188 43°, 44°, 44° 
87 43°917 32938 23°145 48°5°, 50°, 49°, 49° 
88 43°469 32°601 23°930 54°, 55°, 55° 
89 43°290 32°468 24°242 58°, 58°, 59° 
90 43°103 32°328 24°569 62°, 62° 
91 42°918 32°189 24°893 65°, 64°, 66° 


These results when plotted on Fig. 4 give the continuous curve S, the 
solubility.curve for lead nitrate in a 3:4 solution of sodium nitrate in 
water. This curve (except at the upper end) is separated from 
the supersolubility curve already determined by 15° or 16° of tempera- 
ture. 

As in the first series of experiments, the crystals separating from 
these solutions throughout the second set of experiments were 
examined from time to time under the microscope and found to be 
indistinguishable from ordinary lead nitrate. 

Fig. 4 may also be regarded as a section of a surface having an 
equilateral triangle ABC as base (compare Fig. 3), in which the con- 
centration at any point of the solid figure is given by the projection of 
the perpendicular distances of the point from the sides of the triangle. 
The temperature is measured perpendicular to the plane of the paper. 
As before, let the corners A, B, C’, of the triangle represent the sub- 
stances water, lead nitrate, and sodium nitrate. Since in the above 
experiments theratio of the quantity of sodium nitrate to water was kept 
constant at 3:4 for all the solutions examined, Fig. 4 represents a 
section of the surface by a plane passing through the edge B of the 
right prism of which ABC is the base, in the direction given by the 
ratio 3: 4, perpendicular to the plane of the paper. 
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General Conclusions. 


The preceding experiments have established for a mixture of three 
constituents the principles of crystallisation previously established for 
binary mixtures (Trans., 1906, 89, 413). 

With the three constituents sodium nitrate, lead nitrate, and water, 
any mixture has a perfectly definite temperature of spontaneous 
crystallisation, that is, a temperature above which it cannot be made 
to crystallise except by inoculation. This is shown by the shower 
which forms in the solutions in the open trough, the maximum value 
attained by the refractive index, and the shower in the sealed tubes, 

Solutions exposed to the air, and containing a large proportion of 
sodium nitrate, when stirred exhibit a slight metastable shower in the 
open trough before the temperature of spontaneous crystallisation is 
reached, but this shower is extremely slight, and easily distinguished 
from the very dense shower which occurs at the temperature of 
spontaneous crystallisation ; the latter usually renders the solution 
opaque. 

It must be observed that the solution in which the metastable shower 
occurs already contains growing crystals of sodium nitrate. In order 
to prove that this shower also consists of sodium nitrate, it was 
examined more minutely in an experiment made under the microscope. 
A solution in which the concentration of sodium nitrate was 46:94 
per cent, in a 3:10 aqueous solution of lead nitrate was placed ina 
watch-glass at a high temperature and examined under the microscope 
as it cooled gradually. The solution was stirred with a pin point, and 
sodium nitrate crystals first appeared floating on the surface ; then a 
slight shower corresponding to the metastable shower referred to in 
this paper, and finally, when the temperature had fallen sufficiently, 
the labile shower occurred in which crystals also formed on the watch- 
glass along the lines of scratch. Throughout the experiment, all the 
crystals had the appearance and optical properties of ordinary sodium 
nitrate. 

The temperature of spontaneous crystallisation varies with the 
concentration of the solution, and for the two series of solutions 
examined these temperatures are found to lie on continuous curves; 
these have been termed the supersolubility curves. They may be 
vegardec as plane sections in two directions of a surface which may 
be termed the supersolubility surface for every possible mixture of the 
three constituents sodium nitrate, lead nitrate, and water. 

The same solutions enclosed in sealed glass tubes cannot be made to 
crystallise at a higher temperature than that given by the super- 
solubility curve except by inoculation, and in general a solution in 
sealed tube does crystallise at, or slightly below, this temperature. 
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The solubility curves for the two series of mixtures have been 
ed, and found to be approximately straight lines running nearly 


trac 
rallel to the lower part of the supersolubility curve. 


three 

od for Rapid cooling of the solutions has been found to cause them to pass 
into the labile state before the shower of crystals appears, but prolonged 

vater, heating of the solutions did not appear to affect their behaviour. 

neous The introduction of an excess of crystals into a metastable solution 

made relieves the supersaturation and prevents the solution from becoming 

lower labile and reaching the supersolubility curve. 

value In some of the solutions of the first series of experiments containing 

es, from 45 to 49°5 per cent. of sodium nitrate, after the shower of crys- 

n of tals has appeared the fall in index is sometimes oscillatory, rising a 

1 the little and then falling again. 

mn is : 

shed In conclusion, I desire to express my thanks and gratitude to 


Professor H. A. Miers for his valuable advice and continual assist- 
ance given me throughout the course of this research. 
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nd XXXVIII.—Amphoteric Metallic Hydroxdes. Part I. 
- By Joun Kerroot Woop. 

in 

y, Mucu interest has been taken of late in amphoteric compounds, 
h- especially in the behaviour of such substances as are electrolytes. 
he The divergence from Ostwald’s dilution law and the other abnormal- 
m ities exhibited by these substances have been explained by Walker 


(Proc. Roy. Soc., 1904, 74, 155; Zettsch. physikal. Chem., 1904, 
49, 82). The substances hitherto examined have been almost wholly 
of an organic nature, and necessarily so, for very few inorganic 
substances are of the nature of amphoteric electrolytes. It is well 
known, however, that many metallic hydroxides possess an amphoteric 
character, although they cannot, owing to their very slight solubility, 
be termed electrolytes, and it appeared to the author that an examina- 
tion of these substances and a comparison of their basic and acidic 
constants would be of interest. When arsenious oxide dissolves in 
water, a certain quantity passes into arsenious hydroxide. The results 
obtained with this substance, which was chosen as being a soluble 
amphoteric hydroxide, and aluminium hydroxide, a typical insoluble 
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amphoteric hydroxide, form the subject of the present paper. Othe 
hydroxides are at present under examination, and the results obtained 
will form the subject of future communications. 

Arsenious Hydroxide Regarded as a Base.—A consideration of the 
properties of this compound makes it at once obvious that its basicity 
must be of a very low order of magnitude. Zawidzki (Ber., 1903, 36, 
1427), in fact, after examining various arsenic compounds, arrived at 
the conclusion that the hydroxide is practically devoid of basic charac. 
ter. It was thought that by adopting the Léwenherz solubility method 
some light on the subject might be obtained, and accordingly the 
solubility of arsenious oxide in water and in hydrochloric acid was 
determined. 

Solubility of Arsenious Oxide in Water.—Very divergent figures 
have been published for the solubility of arsenious oxide in water, 
The matter has been complicated by the existence of several varieties 
of the compound, and also by the fact that the amorphous variety 
undergoes slow transformation into the octahedral form. In the 
present experiments, the oxide used was of the octahedral variety, and 
for the final experiments was specially purified by dissolving in 
concentrated hydrochloric acid, diluting with water, and filtering and 
washing the crystals which were deposited. 

The solubility was determined as follows: a mixture of the oxide 
and distilled water was placed in a bottle made of “ resistance-glass,” 
which was then attached to a shaking machine. At intervals, portions 
were filtered off and titrated with a decinormal solution of iodine. 
The shaking was continued until the titre of the filtered solution, was 
constant, and the solubility was then calculated from the final titre. 
All the experiments were made at the laboratory temperature of 15° 
(approx.). 

In the preliminary experiments, the solubility obtained was 1:5) 
grams per 100 c.c. of water; using the specially purified substance, 
the result was of only slightly different value, concordant determina- 
tions showing that 100 c.c. of water dissolve 1°495 grams of arsenious 
oxide. A saturated solution was obtained only after shaking for 
several weeks. 

Solubility of Arsenious Oxide in Hydrochloric Acid.—The method 
of determination was similar to that described above for the solubility 
in water, the arsenious oxide being mixed with solutions of hydro- 
chloric acid of varying concentration. The concentration of the acid 
solvent was determined by titrating a portion of the solution with 
sodium hydroxide, using methyl-orange as indicator. The time 
necessary for the attainment of saturation was much shorter than in 
the case of the aqueous solution. In most of the experiments, the 
oxide and acid were in contact for about twenty-four hours. This 
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riod was longer than necessary, time experiments having shown 
that the solution became saturated after several hours’ shaking. The 
author thus confirmed the observation cf Drucker (Zeitsch. physikal. 
Chem, 1901, 36, 173), that the rate of dissolution of crystalline 
arsenious oxide is greatly accelerated by the presence of hydrogen 
ions, ‘The following results were obtained : 


Concentration of Grams of arsenious oxide Concentration of 

hydrochloric acid. per 100 c.c. of solution. arsenious oxide. 
0:46N 1°52 0-:051NV 
0-98N 1°41 0°047N 
2°03NV 1°17 0°039NV 
3°13N 1‘11 0:037N 
3°81N 1°13 0°038N 
5°32N 2°20 0°074NV 
6'50N 5°11 0°17N 
7°85N 12°28 0-41NV 
9'17N 18°16 0°61NV 


From a consideration of the above table, it is evident that in hydro- 
chloric acid of less than seminormal concentration the solubility of 
arsenious oxide is about equal to its solubility in pure water. As the 
concentration of the acid increases, the solubility of the oxide decreases, 
a minimum being reached when the concentration of the solvent is 
about 3:2. Beyond this point, an increase in the concentration of the 
solvent leads to a corresponding increase in the solubility. The 
variation of the solubility of arsenious oxide with the concentration of 
the hydrochloric acid used as solvent is shown in the accompanying 
curve, which illustrates very clearly the difference between the basic 
and acidic constants of arsenious hydroxide. It is obvious that the 
introduction of hydrochloric acid into the system of water and 
arsenious hydroxide will cause a decrease in the acidic ionisation of 
the latter, and consequently a diminution in the solubility of the 
arsenious oxide. On the other hand, the addition of hydrochloric acid 
will increase the solubility of arsenious hydroxide as a base. Whether the 
increase or decrease in the solubility is the greater is partly dependent on 
the respective magnitudes of the basic and acidic constants of arsenious 
hydroxide, and partly on the amount of hydrochloric acid added. 
From the fact that the first effect of the addition of hydrochloric acid 
is to cause a steady fall in the solubility, it is at once evident that 
the acidic dissociation constant of arsenious hydroxide must be much 
greater than the basic constant. It is only when the hydrogen ions, 
introduced in the form of hydrochloric acid, have reached such a con- 
centration as to make the acidic ionisation of the arsenious hydroxide 
impossible, that it becomes possible to see the effect which a further 
increase in the concentration of the hydrochloric acid has on the 
solubility of arsenious oxide in virtue of the basic character of the 
hydroxide. Beyond the minimum of the curve, the increase in the 
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solubility can only be accounted for on the assumption that arsenioys 
hydroxide possesses feeble basic properties. By extrapolation of this 
portion of the curve, a value for the solubility in water, eliminating that 
portion of the ordinary solubility due to the acidic dissociation, can be 
obtained. Using this number and applying the Léwenherz method, a 
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value for # of the dimensions of 1 is arrived at. Consequently, the 


basic dissociation constant of arsenious hydroxide is of the dimensions 
1x 107%, 
Arsenious Hydroxide Regarded as an Acid.—From the fact that an 
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enious MM yqueous solution of arsenious oxide possesses a very feeble acid 
of this reaction, it may be safely assumed that the acidic constant is higher 
1g that than the basic one, although the fact that solutions of sodium and 
Pan be tassium arsenites possess a strongly alkaline reaction shows that 
hod, a even the acidic constant can have only a small value. 


The acidic constant was determined from the velocity with which 
methyl acetate was saponified by a solution of sodiumiarsenite (Shields, 
Leitsch. physikal. Chem., 1893, 12, 167; Wood, Trans., 1906, 89, 
1832). A solution of sodium metarsenite was prepared by dissolving 
a weighed quantity of re-sublimed arsenious oxide in the calculated 
amount of 0°0495.V sodium hydroxide. Equal amounts of this solution 
and of a solution of methy] acetate of the same concentration were mixed, 
and the mixture maintained at a temperature of 25°. Portions of the 
mixture were removed at intervals, and titrated with 0°01 hydro- 
chlorie acid ; the velocity constant was calculated by means of the 
equation given in a previous paper (Wood, Joc. cit.). The results of 
one determination are given below : 
20c.c. 0°0495.NV sodium metarsenite + 20 c.c. 0°0495N methyl acetate. 


Time. k. 


0 10°05 — 
284 7°25 0°000212 
1356 0°000216 


esdaabansess 0°000214 


This value for & was confirmed by several other experiments. Using 
the above figure for the velocity constant, the calculated value for ka, 
the dissociation constant of arsenious acid, is found to be 6°3x 10-%, - 
Knowing the velocity constant, the hydrolysis constant of sodium 
metarsenite, and consequently the amount of hydrolysis, can also be 
calculated (compare Wood, loc. cit.). In decinormal solution, it is found 
that sodium metarsenite is hydrolysed at 25° to the extent of 1°4 
per cent. 

Electrical Conductivity of Aqueous Solutions of Arsenious Oxide.— 
Zawidzki (loc. cit.) determined the conductivity of aqueous solutions 
of arsenious oxide and thence calculated the dissociation constant, 
obtaining a value for the latter of 210x10-%°. In view of the 
divergence between this number and the value of the acidic constant 
determined by the author, it was decided to make a re-determination 
of the dissociation constant by means of the conductivity method. 
Arsenious oxide was crystallised from specially distilled conductivity 
water, and the crystals obtained were repeatedly washed with similar 
water, a solution of the washed crystals being afterwards prepared. 
All the operations incidental to the preparation of the solution 
Were carried out in the open air. 
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The concentrated solution so obtained was diluted to different 
extents with conductivity water, a fresh portion of the concentrated 
solution being used for each dilution. The conductivity of the 
dilute solutions was then determined, using unplatinised electrodes 
after which the concentration of the various solutions was ascertained 
by titration with decinormal iodine solution. 

The water used for the experiments had a conductivity of 
1x10-° at 25°. All conductivities are expressed in reciprocal 
ohms. 

Results of First Series of Experiments : 


Concentration of solution of 
metarsenious acid. M k 


0°1755N 0°0556 35°2 x 10-1 
0°089V 0°0656 24°8 x 10-0 
0°0365NV 0°105 26°1 x 10-10 
Results of Second Series of Hiperiments.—The experiments of this 
series were made with a sample of purified arsenious oxide different 
from that employed in the first series: 


Concentration of solution of 
metarsenious acid. M. k 


0°195N 0°0553 38°6 x 10-10 
0-086 0°0654 23°9 x 10-1” 
0°0542NV 0°0756 20°1 x 10-° 
0°0385NV 0°0824 16°9 x 107%” 

The mean value of the above results is 26°5x 10719, a number 
considerably smaller than that obtained by Zawidzki, although still 
greater than that arrived at by the saponification method. 

Probably this discrepancy may be explained by the arsenious 
oxide still containing a small quantity of conducting impurity ; the 
fact, however, that very similar values for & were obtained in the two 
series of experiments shows that the amount of this impurity must 
have been very small. The difficulty of removing the last traces of 
impurity from a substance has been noticed by Johnston (compare 
Walker, Proc. Roy. Soc., 1904, 74, 278) in the case of asparagine, the 
dissociation constant of which is of similar magnitude to that of 
arsenious acid. Moreover, no attempt was made to exclude air from the 
cell. Had this been done, as in the case of Walker and Cormack’s 
experiments with weak acids (Trans., 1900, 77, 5), the discrepancy 
between the results obtained by the two methods might have been 
smaller. Comparing the results obtained by the author with those 
arrived at by Walker and Cormack (/oc. cit.) and allowing for the 
difference in temperature, arsenious acid is found to be of about the 
same strength as boric acid. 
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differen; 

sey Aluminium Hydroxide. 

OF th , , Sais : 

cotecing This compound, like arsenious hydroxide, is of an amphoteric nature. 

ertain al The two substances are, however, of distinctly different types, for, 
ghereas with the arsenious hydroxide it is the acid properties which 

Vity of gare the more highly developed, in the case of the aluminium hydroxide 

ciproca) it is the basic properties which are the stronger. Another important 


difference between the compounds is in their behaviour towards water, 
in which aluminium hydroxide is practically insoluble. This fact 
considerably increases the difficulty of investigating the amphoteric 
nature of the compound, and also renders it impossible to determine 
its conductivity. 

Aluminium Hydrowide Regarded a a Base.—It is a well- 
known fact that the aluminium salts undergo hydrolysis in 
aqueous solution, and it was therefore evident that one method of 
arriving at a knowledge as to the basic constant of the hydroxide 
would be by the determination of the amount of this hydrolysis. For 
this purpose, a concentrated aqueous solution of aluminium chloride 
was prepared and slowly evaporated in a vacuum over sulphuric acid. 
The crystals of pure aluminium chloride ultimately obtained were 
washed with distilled water, and a solution then prepared. The con- 
centration of this solution was determined by estimating the chlorine 
by Volhard’s method. The velocity with which this solution 
hydrolysed methyl formate at 25° was then determined, and compared 
with the velocity obtained using V/100 hydrochloric acid. The use of 
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nious methyl formate in such experiments has been suggested by Goldschmidt, 
; the f and it was employed in the present case in preference to methyl 
two ff acetate because the reaction proceeds with much greater velocity than 
must isthe case with the latter substance. It might be anticipated that, 
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owing to the dissociation constant of formic acid being much greater 
than that of acetic acid, the use of methyl formate under the con- 
ditions of the experiment would be inadmissible. Preliminary 
experiments showed, however, that by reducing the ratio of ester to 
solution this difficulty was eliminated. In the actual experiments, 
200 c.c. of the solution were mixed with 1 c.c. of methyl formate. 
The following results were obtained : 

With ¥/100 hydrochloric acid, velocity of reaction = 0-000661. 

With aluminium chloride (Cl=0°1127), velocity of reaction 
=0°000100. 

It is therefore evident that the concentration of the hydrochloric 
acid present in the solution of aluminium chloride was 0°0015N. 

The amount of hydrolysis, that is, the percentage of the aluminium 
chloride existing either as hydroxide or basic chloride, is dependent on 
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the mode of decomposition of aluminium chloride by water. Ag vill 
be seen from the following equations, this decomposition can take place 
in three ways, namely : 


AlCl, +H,O =AlK(OH)Cl,+HCl (1) 
AlCl, + 2H,0 = Al(OH),Cl + 2HCI (2) 
AIC], +3H,0=Al\(OH), +3HCI (3). 


It is evident that the ratio between the amount of aluminiyn 
chloride decomposed and the quantity of hydrochloric acid liberated, 
measured by the hydrolysis of methyl formate, is different in these 
three reactions. Therefore, according as to whether the mode of 
decomposition is represented by equation (1), (2), or (3), the amount of 
hydrolysis of the aluminium chloride will be 00015 x3 0-0015x3 

O°1127 * 0-1127x? 
0:0015 x 3 


T 01197 x3 respectively, that is, 4 per cent., 2 per cent., or 133 


per cent. 

It is difficult to say which equation accurately represents the change 
taking place, for no decomposition product can be separated and 
analysed. It may even be the case that a mixture of basic compounds 
is present in the solution, in which case no single equation would 
represent the reaction. Now, considering the ionisation of aluminium 


hydroxide, it is to be expected that, following the general rule, there 
will be a great disparity in the strengths of the three hydroxy] ions, 
the first being much stronger than the second, and the second 
stronger than the third. It is by virtue, first of all, of the weakest of 
these hydroxyl ions that hydrolysis of the chloride takes place, 
leading to the formation of the basic chloride, Al(OH)CI,. As the 
amount of hydrolysis is only small, it seems probable that the action 
stops here and that no more highly basic compound is produced. On 
theoretical grounds, therefore, it seems probable that the reaction 
taking place during the hydrolysis of aluminium chloride is re- 
presented by equation (1). 

With the object of gaining further knowledge on this subject, 
experiments were made in which freshly-precipitated aluminium 
hydroxide was shaken with hydrochloric acid of varying concentration. 
Equilibrium was attained after several days’ shaking, the solution 
obtained by filtering off the undissolved hydroxide showing no change 
of composition even when the shaking was prolonged. In nearly the 
whole of the experiments, the ratio of atoms of aluminium to atoms of 
chlorine lay between 1 :2 and 1:3, but the results of different series 
of experiments were not strictly concordant. It was thought that the 
lack of uniformity in the results might possibly be explained by the 
presence in the various solutions of varying amounts of colloidal 
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aluminium hydroxide. It is well known that substances in colloidal 
glution are frequently precipitated on the addition of ammonium 
sulphate, and the experiment was tried of adding varying amounts of 
that salt to the solutions obtained as described above. No change in 
the composition of the solutions resulted from such additions, and the 
addition of barium sulphate to the solution, as suggested by Fischer 
(Zeitsch. anorg. Chem., 1904, 40, 39), was also without effect. It 


haalie gems probable, therefore, that all the aluminium was present in a 
in a state of true solution, and that the slight variations in the composition 
node of of such solutions are due to their containing the normal and basic 

aluminium chlorides in varying proportions, the variation being 


1ount of 
15 x3 
127 x9 


r 1-33 


possibly due to some slight, but undetected, differences in the conditions 
of the experiments. The composition of the mixture being of a 
variable nature, no deductions as to the hydrolysis of aluminium 
chloride can be drawn from the analysis of the mixtures obtained in 
different experiments. 

It would therefore appear to be probable that in a solution of 
aluminium chloride containing 0°0375 molecule of salt per litre, the 
hydrolysis at 25° amounts to about 4 per cent. As, however, the 


*hange 
d and 


an mode of hydrolysis cannot be experimentally proved to take place 
oa according to the equation AlCl, + H,O= Al(OH)Cl, + HCl, no attempt 
Dlum ° ° . 8 os 
there was made to determine the basic constant of aluminium hydroxide 
lie from the amount of hydrolysis. 

BE Aluminium Hydrowide Regarded as an Acid.—The fact that 
skid alumina can play the part of an acidic oxide is evident from the 


existence of such minerals as spinel and chrysoberyl, and from 
the possibility of obtaining solid alkaline aluminates from the 
solutions of aluminium hydroxide, and also of metallic aluminium in 
solutions of the caustic alkalis. In the majority of chemical text- 
books, the compound formed when either aluminium or aluminium 
hydroxide is dissolved by a solution of sodium hydroxide is assigned 
the formula Na,AlO,. The results obtained by the author, however, 
point to the substance being really the metaluminate, NaAlO,. The 
naturally occurring salts are also metaluminates, for example, 
Mg(Al0,),, Zn(Al0,),, Be(AlO,), Moreover, by the addition of 
calcium chloride to a solution of sodium aluminate, a precipitate is 
obtained which consists of calcium metaluminate, Ca(AlO,),. It seems 
probable, therefore, that the compounds in which alumina acts as an 
acidic oxide are generally salts of an acid of the formula HAIO,, 
although under certain conditions it may be possible to prepare ortho- 
salts, The conclusion is in complete agreement with that arrived at 
from general considerations. It is well known that, in the case of 
weak polybasic acids, it is the first hydrogen atom to which most of 
the acidity is due. The same course, it may be expected, will be 
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followed in the case of aluminium hydroxide, which is an extremely 
weak acid. Practically the whole of the dissociation will be into the 
ions H and AlO,H,, or AlO,,H,0, so that the stable salts will be those 
containing one equivalent of metal. 


Action of Sodium Hydroxide on Aluminium. 


the 
Aluminium powder was added to an aqueous solution of pu by 
sodium hydroxide, the mixing taking place in a large flask made of je 


2 


“resistance-glass ’’ and fitted with a soda-lime tube so as to protec} 
the contents of the flask from atmospheric carbon dioxide. A vigoroys 
reaction soon commenced, the mixture frothing considerably. After 
short time, the frothing ceased and any further action which took place 
proceeded very quietly. In several cases, in order to ensure equilibrium, 
the alkali and metal were left in contact for several days, but the 
results obtained in these experiments were no different from those 
given by experiments in which the contact between alkali and metal 
was of only a few hours’ duration. The mixture was then filtered and 
the filtrate analysed, the aluminium being determined by precipitation 
with ammonium chloride, and the alkali by boiling with ammonium 
chloride and estimating the ammonia evolved : 


Results of Analyses. 
NaOH per litre Al,0z per litre 


of solution. of solution. Mols. of NaOH : mols. of Al,0,. 
A, 11°04 12°32 2°28:1 
B. 10°78 11°90 261 21 


C. 18°36 20°04 2°34:1 


It will be observed that in every case the solutions contained rather 
more alkali than was necessary to convert the aluminium into sodium 
metaluminate, the results obtained being quite incompatible with the 
formation of an ortho-salt. A slight excess of alkali over the amount 
required to form the metaluminate is to be expected, because of the 
partial hydrolysis of the salt. 


Equilibrium between Aluminium Hydroxide and Sodium Hydroxide. 


In order to gain some idea as to the constitution of the salt formed 
when aluminium hydroxide dissolves in a solution of sodium hydroxide, 
a solution of aluminium sulphate of known strength was added to 
N-sodium hydroxide until a slight permanent precipitate was obtained. 
For 20 c.c. of W-sodium hydroxide, a volume of aluminium sulphate 
solution equivalent to 0°2458 gram of alumina was required to give 4 
faint permanent precipitate. Of the sodium hydroxide present, 
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tT, 
-xtremely Mm 05784 gram would be required to precipitate the aluminium 
> into thy IM hydroxide, leaving 0°2216 gram to dissolve the latter. From these 
be thos AM fgures, we obtain the ratio: 
Mols. of sodium hydroxide : Mols. of aluminium hydroxide= 2°30: 1. 
It will be observed that the result is in complete agreement with 
those obtained when metallic aluminium was dissolved in sodium 
Of pure hydroxide, and shows that in this case, also, the salt in solution was 
Made of the metaluminate, 
Protect 
1goroy 
Alters Behaviour of Solutions of Sodium Metaluminate. 
— The solutions prepared by the action of sodium hydroxide on 
| on aluminium powder were comparatively stable at the ordinary 
“ea temperature, aluminium hydroxide being deposited very slowly. On 
me heating, however, decomposition took place much more rapidly. In 
ba the case of solution A (see p. 420), after heating for two hours on the 
, and water-bath, the ratio of molecules of alkali to molecules of aluminium 
9 hydroxide had increased from 2°28 to 3°63. It appeared as if a state of 
ium 


equilibrium had been attained, for no further deposition of aluminium 
hydroxide took place when the liquid was re-heated. The fact that a 
state of equilibrium could be reached in this way suggested that the 
method might be made use of to determine the degree of hydrolysis of 
sodium metaluminate. The principle of the method is really that of 
the Léwenherz solubility method. In the Léwenherz method, the 
hydrolysis constant of the salt is calculated by means of the 
equation : 


Acid x Base 
Salt 


= constant. 


The same equation will, of course, hold good in the case of sodium 
netaluminate, but the concentration of the acid cannot be directly 
determined, the solubility of aluminium hydroxide in water being too 
small to permit of direct determinations being made, By equating 
the results of two equilibrium experiments, however, it is possible to 
obtain a theoretical value for the solubility of metaluminic acid, and 
therefore to calculate the value of the hydrolysis constant. 


d If « is the concentration of metaluminic acid, a, and a, the total 
e, concentrations of aluminium as determined from two equilibrium 
0 experiments, and 6, and 6, the total concentrations of alkali in the 
L same two experiments, 

: 

1 2(b, — a, +2) 2(by — dg + x) 


then 


—-2Z£ 


= constant and a constant. 
2 


Se ee 
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The constants being the same in the two cases, the left-hand sides of 
the equations may be equated, giving : 


ae(b, — a +) a(b, — a, +x) 
——- * a 
whence a = 2b — Mb, 
b, — b 
By substituting this value of x in either of the original equations 
the numerical value of the hydrolysis constant is found, and, knowing 
this, it is possible to calculate the amount of hydrolysis which would 
take place in a solution of any concentration, 
The following results were obtained on analysing solutions of 
sodium metaluminate which had been heated on the water-bath until 
equilibrium was attained : 


Weight of NaOH Weight of Al,O, 
per litre. per litre. Mols. of NaOH.  Mols. of HAlO, 
10°08 7°10 0°252 0°139 
18°36 10°86 0°459 0°213 
9-00 6°65 0°225 0°130 
5°55 4°87 0°138 0°0955 


From the above results, taking them in pairs, the value of the 
hydrolysis constant was calculated, and from that the amount of 
hydrolysis which would take place in a decinormal solution of sodium 
metaluminate was determined. The following were the figures 
obtained : 

From (a) and (0) 59°5 From (0) and (c) 60°6 
» (@) 5, (¢) | 63°4 »» (b) 5, (a) 572 
» (4) 5, (@) 55°0 » (¢) » (4) 52°4 

Mean = 58:0. 


The above figures certainly show a considerable variation, but, when it 
is remembered that a very slight experimental error has a large 
influence on the value of the hydrolysis constant, results of normal 
constancy can scarcely be expected. Probably no appreciable error 
will be committed in stating that a decinormal solution of sodium 
metaluminate is hydrolysed to the extent of 60 per cent. at 100°. 

Similar equilibrium experiments were carried out at 25°. In these 
experiments, equilibrium was attained very slowly, a period of about 
four weeks being necessary for the solutions to attain constancy of 
composition. The following results were obtained : 


Mols. of NaOH. Mols. of HA10,. 
0°249 0°0615 
0°343 0°0829 
0°228 0°0568 


r I. 


d Sideg of 
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As before, the amount of hydrolysis in a decinormal solution was 
calculated and the following values were obtained : 


From (a) and (bd) 33°38 
»» (@) 4, (c) 38°1 
» (4) 4, (¢) 34°3 


Mean = 35°2 


A decinormal solution of sodium metaluminate is therefore 
hydrolysed to the extent of 35 per cent. at 25°. 

Now the hydrolysis constant= K/ka, where XK is the dissociation 
constant of water and ka that of metaluminic acid. The value of the 
hydrolysis constant, assuming a decinormal solution to be 35 per cent. 
hydrolysed, is 00188, whilst K at 25°=1°2 x 10-4, 

From these figures, it is found that the acidic dissociation constant 
of aluminium hydroxide (fq) has a value of 6°3 x 10713, 


Summary of Results. 


The solubility of arsenious oxide in hydrochloric acid first diminishes 
as the concentration of the acid increases. A minimum is reached 
when the acid has a concentration of about 3:2. Beyond this point, 
a further increase in the concentration of the acid causes an increase 
in the solubility. 

Arsenious hydroxide is a very feeble base, the basic constant being 
of the dimensions of 1x 10~-!4. The acidic constant, as found by the 
saponification method, has a value of 6:3 x 10-19, and a decinormal 
solution of sodium metarsenite is hydrolysed to the extent of 1°4 per 
centat 25°. The dissociation constant of arsenious acid as found by 
the conductivity method has a value of 26°5 x 107°. 

Aluminium hydroxide is a weak base. The chloride is hydrolysed 
to the extent of about 4 per cent. at 25°, and is probably transformed 
into a basic chloride having the formula AI(OH)Cl,. Sodium 
metaluminate in decinormal solution is hydrolysed to the extent of 
about 35 per cent. at 25°, the acidic constant of aluminium hydroxide 


being 6°3 x 10718, 
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XXXIX.—Anomalous Behaviour of the Hydrogen. 
Electrode in Solutions of Lead Salts, and the 
Existence of Uniwalent Lead Ions in Aqueous 
Solutions. 


By Henry Georce Dennam, M.A., M.Sc., and Artnur Jonny 
ALLMAND, M.Sc. 


AN attempt was made to measure the hydrolysis of lead salts by the 
electrometric method described by one of us (Trans., 1908, 93, 41), 
Solutions of lead chloride, sulphate, and acetate were experimented 
with, but in every case it was noticed that the electrode did not attain 
a steady value in the usual time (ten minutes), and even after some 
hours it had not reached a value such as would be expected from Ley’s 
measurements on the hydrolysis of lead chloride by the inversion 
method (Zeitsch. physikal. Chem., 1899, 30, 193). For instance, a 
solution of lead acetate, which reacted alkaline to litmus, gave after 
two hours a hydrogen-ion concentration of the order 10~4, whereas 
one would expect a value not greater than 10~%. In fact, the value 
found for the hydrolysis was in all cases far higher than was expected. 

Two possible explanations suggested themselves, firstly, the separa- 
tion from the solution of a metal more “ noble” than hydrogen, and, 
secondly, the possibility that lead itself might be precipitated on the 
electrode when the current passed in such a way that the hydrogen 
electrode was acting as a cathode, 

The first possibility was disproved by using a solution of very pure 
lead chloride, previously boiled with lead clippings, to remove silver 
or any other metals more “noble” than Jead. This solution behaved 
in exactly the same manner as the others. 

The possibility of deposited metallic lead causing the phenomenon 
was disposed of by two experiments. A few milligrams of metallic 
lead were deposited on a hydrogen-electrode, which was then tested in 
0-001 N-hydrochloric acid ; the“potential registered showed that the 
lead had in no way altered the character of the electrode, which 
behaved exactly as an ordinary hydrogen-electrode. Lastly, an experi- 
ment was carried out in which the hydrogen-electrode always acted as 
anode, but precisely similar results were obtained. 

Although the above experiments conclusively prove that lead itself 
cannot cause the’ phenomenon, there yet remains the possibility that 
lead-platinum alloys may be formed, in which the lead, on the analogy 
of the osmotic pressure of mixed crystals, has a lower solution 
pressure than that of pure lead, and, perhaps, of hydrogen itself, and 
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hence may be precipitated as alloy by the latter. But it was noticed 
that the potential obtained depended on the velocity with which the 
hydrogen bubbled through the solution ; the quicker the stream the 
lower the hydrogen potential, and vice versa. Now each bubble of gas 
rose from directly beneath the electrode, consequently the faster the 
stream of gas the more would the surface film of the electrode be 
disturbed. This, suggested that the action Pb” + H = Pb + H’ 
was occurring in the surface film; the faster the stream of gas the 


rogen- 
d the 


Ueous 


7 more quickly would the free acid, produced through the reduction of 
bivalent to univalent lead ions, be carried into the main bulk of the 
by the liquid, and, hence, the lower would be the hydrogen potential. This 
3, 41), consequence was tested by shaking the electrode, when the same effect 
ented was observed as on increasing the velocity of the gas, and also by 
attain arranging in the same solution two electrodes differently situated as 
_— regards the incoming gas. There was a marked difference in the 
Ley ’ potentials recorded by these electrodes, that directly above the place 
_— where the gas entered giving a decidedly lower value than was given 
—_ by the electrode which was further removed from the disturbing 
after influence of the hydrogen. These facts are sufficient evidence to 
— disprove the formation of such an alloy as already described. 
value Thus the anomajous behaviour of the hydrogen-electrode in solutions 
nm of lead chloride, sulphate, and acetate seems best explained on the 
Ke’ assumption that the hydrogen-electrode reduces the bivalent to a 
pr univalent lead ion with the production of free acid, and the potential 
the registered is that of the surface film, rich in the hydrogen ion. 
- The existence of Pb’-ion in solution has not previously been noticed, 
but the existence of lead sub-oxide (Pb,O) has been rendered tolerably 
on certain by the experiments of Tanatar (Zeitsch. anorg. Chem., 1901, 27, 
wei 304), recently confirmed by Brislee (Trans., 1908, 93, 154). 
me The discrepancy observed in the use of the copper voltameter has 
been definitely proved to be attributable to the formation of cuprous 
sag salts in solution. The silver voltameter shows a similar behaviour, 
lie and Bose (Zeitsch. Elektrochem., 1907, 13, 477) has shown that a sub- 
valent silver ion can exist in solution. To test the possibility of a 
6 univalent lead ion, the method described by Richards, Collins, and 
4 Heimrod (Zeittsch. physikal. Chem., 1900, 32, 321) for copper, and by 
. Bose (/oc. cit.) for silver, has been used. This is based on the fact that 
* the formation of the sub-salts of copper and silver is attended by the 
f absorption of heat. On heating the metal in contact with a solution 
of its salt, the equilibrium shifts towards the sub-salt, whilst, on cool- 
ing, the process reverses and metal is precipitated. 


The apparatus used is shown in the figure. The right limb contained 
a column of pure granulated lead surrounded by a steam-jacket, whilst 
the left spiral limb was kept cool by a stream of cold water. In this 
FF 2 
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way, a constant circulation of the solution contained in the apparatus 
is kept up by the differences of density occasioned through the 
difference in temperature between the two limbs. The apparatus con. 
tained a 1°3 molar-normal solution of lead acetate slightly acidified 
with acetic acid. After a few days, distinct crystals of lead began to 
appear on the glass at the bottom of the hot limb, and these grew 
steadily, forming quite a network of shining crystals., Nothing, how. 
ever, appeared in the cold limb, where crystallisation was expected, 
but, on introducing a piece of lead into the 
top of the spiral condenser, well-defined crystals 
soon made their appearance on it, and these 
steadily increased in size. This proves that 
the solution in the cold limb was supersaturated 
with the univalent ion, for, unless crystallisa- 
tion is started by introducing a piece of lead, 
no crystals appear until the solution reaches 
the cold end of the column of lead. 

Although the crystals obtained in the cold 
limb can only be due to the reaction Pb*’+ 
Pb —+> 2Pb’ having taken place in the hot 
limb, and being reversed in the cold, still it is 
possible that the crystals at the bottom of 
the lead column were due to a weak thermo- 
current flowing from the hot solution above to 
the comparatively cold solution at the bottom 
of the limb, for it is evident that the solution 
would not immediately attain the temperature 
of the jacket. 

This possibility was tested in two ways. In 
the first case, an experiment was devised in 
which there were present all the conditions for 
such a thermo-electric current, but the cumu- 
lative effect due to the circulation was dispensed 
with. The apparatus consisted of a glass tube 
sealed at one end. It contained a rod of lead 
and a molar-normal solution of lead acetate, 
acidified with acetic acid. The upper part of the tube was enclosed 
by a steam-jacket, the lower was at the ordinary temperature. All 
the conditions for a thermo-current present in the former experiment 
are satisfied here, but, owing to the want of circulation, there is little 
chance of univalent lead ions formed in the upper and hot portion 
diffusing to the cold end in sufficient quantity to cause any marked 
crystallisation. 

At the end of a week, the experiment was stopped, and the rod of 
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lead examined, At the junction of the hot and cold parts of the lead, 
a very little spongy lead had been deposited. ‘The quantity so ob- 
tained was far less than that in the former experiment, and totally 
different in appearance. Thus it is definitely proved that a slight 
thermo-current from the hot solution above to the colder beneath does 
exist, but the lead deposited is not only much too small in quantity 
to explain that deposited at the bottom of the lead column in the 
“ejrculation” experiment, but is also of the spongy nature with which 
we are familiar in the electrolysis of solutions of many lead salts. 

Moreover, the thermo-electric theory was again disproved by 
repeating the “circulation” experiment with one altered condition ; 
the lead column was broken by glass beads into a number of short 
sections, between the ends of which there could be no appreciable 
difference. Yet, after two days, crystals of lead began to appear, and 
in a short time formed a network round the whole of the bottom 
section. Rapid crystallisation also took place on a piece of lead 
introduced into the top of the cold condenser. 

We are therefore justified in concluding that in the “ circulation” 
experiments the whole of the crystalline lead deposited is due to the 
reaction Pb*’ + Pb —> 2Pb* taking place in the hot, but reversing in 
the cold, and, moreover, the presence of a univalent lead ion in aqueous 
solution has for the first time been proved. 


Summary. 


1. The hydrogen-electrode cannot be used to determine the hydro- 
lysis of lead salts, owing to the reduction of the bivalent to the 
univalent lead ion. 

2. A solution of lead acetate, heated with lead, forms a sub-acetate, 
and this is attended with the absorption of heat. 

3. A piece of lead in a solution of lead acetate, which is maintained 
at two different temperatures, forms a thermo-cell, the current flowing 
from the hot solution to the cold, and causing the deposition of traces 
of spongy lead at the cold end of the column of lead. 


In conclusion, we wish to take this opportunity of thanking 
Prof. F. G. Donnan for the interest he has displayed in these 
experiments. 
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XL.—The Preparation of Conductinty Water, 


By Harotp Harrizy, Norman Puitiips CampBELL, and 
ReainaLp Hoiimay Poore, 


As a preliminary to some work on dilute aqueous solutions, we haye 
investigated the efliciency of a number of different ways of preparing 
conductivity water, with a view to finding a trustworthy method 
which gives water with a specific conductivity not greater than 
1 gemmho (1°0 x 10~° reciprocal ohms) when carried out in a chemical 
laboratory under ordinary conditions. The difficulty of the operation 
depends somewhat on the quality of the water supply, and in this 
respect Oxford water is bad, as it is hard and gives carbon dioxide 
on distillation. 

With the still described below, we have no difficulty in making 
two and a-half litres of water, K,,=0°75 gemmho, and three more 
litres of fairly good water, K,,=1°5 gemmhos, in a single distillation 
of ordinary distilled water, carried out in a laboratory without any 
special precautions to keep the air free from impurities. 

The present form of the apparatus is the outcome of a number 
of suggestions gathered from other laboratories, and it has no claims 
to originality. We are greatly indebted to Professor James Walker 
for valuable advice which solved most of our difficulties, to Mr, 
Bousfield’s paper which suggested to us the form of the condenser, 
and also to Dr. Lowry and to Mr. J. J. Manley. 

The general plan of the apparatus is shown in the diagram on 
p. 429. 

The boiling vessel, A, is of copper or tinned iron, holding about 
ten litres. From A, the steam passes through the glass trap, B, where 
any dust is stopped by the glass wool, W, and any condensed water 
escapes at D. The steam then passes into the condensing vessel, (, 
which is made of the best tinned iron. The condenser tube, 7, is made 
of block tin, soldered through the lid; it is cooled internally by 
a stream of tap water. P represents baffle plates to prevent the 
steam carrying over any drops of liquid containing dissolved matter. 
Water condenses on 7’, and the small tin cover prevents any water, 
besides that condensed on the block tin surface, from dropping into 
the tin funnel and delivery tube, #. The waste water runs away 
through #. As there is usually a small pressure of steam in the 
apparatus, it is necessary to attach a fine capillary tube at both D and 
R to prevent the steam blowing off. The form of attachment shown 
in the diagram prevents the capillary being blocked up by particles 
of dust. 
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the water is collected in a steamed-out Jena flask, holding three 
litres. ‘The tin delivery tube passes through a piece of Jena tubing 
in the rubber cork of the flask, and a small piece of rubber tubing 
forms an air-tight joint between them. The water is drawn off through 
a syphon of Jena tubing, and connexion between the flask and 
the air is made through the soda-lime tube, S, to absorb carbon 
dioxide ; the small flask, X, contains moist glass wool to prevent any 
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(Scale } natural size.) 


soda-lime dust being carried over. By this means, when the flask / 
is once attached, the interior of the still, condenser, and receiver 
is entirely cut off from direct communication with the air, and tle 
water is thus protected from contamination. 

The operation is conducted as follows: The boiling vessel is filled 
with ordinary laboratory distilled water (x,,=5 gemmbhos approx.). 
For the first half hour after boiling begins, the water is impure, 
having a conductivity greater than 2 gemmhos; this is rejected, 
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After half an hour, che large flask, F, is attached to the delivery tube, 
and the water is collected for two hours; this serves to wash out the 
flask and to carry into solution any impurities in the air contained jp 
it. These two litres, which have «,,=1°5 to 1:7 gemmbhos, are they 
run off, and during the next three hours the best water collects. This 
usually amounts to about two and a-half litres, with x,.=0-75 
gemmho. The flask is then removed, the small tube quickly closed 
with a rubber plug, and the water may be kept ready for use without 
its conductivity increasing to any extent. By putting another flask 
under the delivery tube at this stage, another litre may be obtained, 
with «,,=1 gemmho (approx.). 

The results of three days’ run of the still are given below. On two 
of these occasions, the air of the laboratory was contaminated badly 
with acid fumes : 


Time from start Quantity of Conductivity of 
of boiling. fraction collected. fraction. 
Hours. Litres. Gemmhos. 

b 0°5 >2°0 
24 2°0 17 

4 2°75 0°73 
1°0 1°0 
0°75 >2°0 
1°5 17 

2°5 0°75 
1°0 1°3 
0°75 >2°0 
2°0 1°5 

2°5 0°76 
10 0°9 


These results show that the middle portion of the distillate has 
a very low conductivity, and,as under the same conditions the best 
water comes over at about the same time in each distillation, it is 
easy to know when to start collecting. 

In the still described by Bousfield (Trans., 1905, 87, 740), a 
condenser of similar pattern to ours is used, but in that case four 
condensing tubes of hard glass are kept at different temperatures 
by regulating the flow of the water through them. The presence 
of hot tubes was thought to be necessary for the success of the 
operation. But as at least four-fifths of the impurities in “ gemmho ” 
water are volatile and less soluble in hot water than in cold, the 
water condensed on the hotter tubes should have had the lowest 
conductivity. As a matter of fact, the water from the cold tubes 
was found to be the best. After a number of experiments with 
condensers of various kinds, it seems to us that the conductivity 
of water depends very largely on the extent to which it is protected 
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from air, and we attribute the difference in the conductivity of the 
yater condensed on the hot and cold tubes of Bousfield’s apparatus to 
the difference in the rate of condensation in the two cases. The 
quicker the water condenses, the less it comes in contact with the air, 
and the less it is contaminated by carbon dioxide and ammonia, 


= 0°75 Bousfield’s still, in his own laboratory, gave water of «,.=1'1 to 
closed 12 gemmhos ; if potassium hydrogen sulphate was added to retain 
thout ammonia, the best results were x,,=0°96 to 1*1 gemmhos. In the 
flask laboratory of the Central Technical College, at South Kensington, the 
ined, still gave water with a conductivity x,z=1°7 gemmhos. The results 

obtained with the apparatus described in this paper compare very 
two favourably with those just quoted, and the method has the great 
udly advantage that the quality of the water is not affected by the presence 


of impurities in the air of the room in which the distillation is 


carried out. 


PuysicAL CHEMISTRY LABORATORY, 
BALLIOL COLLEGE AND TRINITY COLLEGE, 
OxForD. 


XLL—The Formation of 4-Pyrone Compounds from 
Acetylenc Acids. Part I. 


By SIEGFRIED RUHEMANN. 


In the course of my studies on the esters of acetylenic acids, it has 
been shown (Trans., 1899, 75, 245, 411) that, in the presence of 
sodium ethoxide, they condense with B-ketonic esters or 6-diketones to 
form 2-pyrone derivatives. For example, ethyl phenylpropiolate reacts 
with ethyl acetoacetate, thus : 
C,H,*CiC-CO, Et + CH,(CO-CH,)-:CO, Et = C,H,;°C-CH-CO, Et es 
CO,Et‘CH:CO-CH, ~ 
C,H,°C-CH——Co 
CO,Et-C:C(CH,):O 
This reaction led to the knowledge of a number of 2-pyrone com- 
pounds which, under the influence of ammonia, were transformed into 
pyridine derivatives. 
It appeared of interest toexamine whether ketones with the group- 
ing ‘CH,*CO- would react with the esters of the acetylenic acids in a 


+C,H,0. 
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manner similar to their action with ethyl oxalate, and yield acetylenic 
A-diketones : 


C,H,-C0-C0,Et + HCHR-CO-R’ = 
C,H;*Ci0-CO-CHR:CO-R’ + C,H,0. 


(R and R’ denote hydrocarbon radicles.) 

From previous work on the behaviour of organic bases towards 
acetylenic compounds (Ruhemann and Stapleton, Trans., 1900, 77 
239), it was to be expected that such diketones would condense ine 
five- (I) or a six- (I1) membered ring : 


C,H,*CH:C-CO-CR C,H,*C:CH-CO 
I i or , Ay 
O———CUR’ O-CR’*CR 
(I.) (II.) 


It has been found that such a process actually takes place, and that 
the acetylenic diketones which, no doubt, are first formed condense 
according to ([I) and yield 4-pyrone derivatives. This reaction has 
been applied to the preparation of 2-phenyl-6-methyl-4-pyrone (III) 


C.H,C:CH--—CO —0,H,C:CH C0 
O-C(CH,):CH O-0(C,H,):CH 
(III.) (LV.) 


and 2 : 6-diphenyl-4-pyrone (IV). 

Feist (Ber., 1890, 23, 3726) showed that the latter compound is 
formed from dehydrobenzoylacetic acid in the same way as 2: 6-di- 
methyl-4-pyrone is produced from dehydracetic acid. The description 
of the properties which he gives for this substance differ in one point 
only from my observations. Feist states that the pyrone derivative 
dissolves in cold concentrated sulphuric acid, yielding a colourless 
solution which exhibits a violet fluorescence. This phenomenon was 
not observed with the specimen described in the present work, but its 
solutions in sulphuric acid or in boiling concentrated hydrochloric acid 
are yellow. Oxonium salts are thus produced, which are decomposed by 
water into the acids and the colourless diphenyl-4-pyrone. 

The hydrochloride of 2-phenyl-6-methyl-4-pyrone, however, is not 
dissociated by water, and this as well as the hydrochloride of the 
former pyrone derivative, with platinic chloride, yields platinic salts. 
The fluorescence of the solution of diphenyl-4-pyrone which Feist 
observed is probably caused by the presence of a trace of another 
compound formed together with the pyrone on heating dehydrobenzoyl- 
acetic acid with concentrated hydrochloric acid. This substance is 
probably identical with the compound which is produced along with 
the pyrone by the action of sodium eihoxide on a mixture of ethyl- 
phenylpropiolate and acetophenone, and which dissolves in cold 
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sulphuric acid to yield a violet solution. It has the composition 
Cy; Hops» and is formed thus : 
(,H,*CiC-CO,Et + 20,H,-CO-CH, =C,;H,.0, + C,H,0. 
The constitution of the substance may be represented by the 
formula, C,H,"CH,*CO-CO-C(CO-0,H,):C(CH,)-C,H;. Its formation 
can easily be explained by assuming that the acetylenic ester is first 


V 
Py transformed into the acetylenic-8-diketone, which subsequently reacts 
i, with a second molecule of acetophenone, thus : 

a 


(,H,C?C-CO-CH,*CO-C,H, = 

C,H,*C?C-CO-C(CO-C,H,):C(CH,)-C,H, + H,0, 
and that finally the water is added to the acetylenic grouping. Prefer- 
ence is given to this structure, because the other possible formule do 
not allow of an explanation of the fact that the compound is insoluble 
in either sodium carbonate or potassium hydroxide. The occurrence 
of this substance in the product of the action of hydrochloric acid on 
dehydrobenzoylacetic acid can readily be accounted for. 


hat 
nse 
1ag 
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EXPERIMENTAL. 
C,H,*C;CH=—CO 
2-Phenyl-6-methyl-4-pyrone, ° ° bc (CH,): én 


This substance is formed on adding to a suspension of dry 
sodium ethoxide (68 grams), in absolute ether, pure acetone (7 
grams ; prepared from its bisulphite compound), and then gradually 
ethyl phenylpropiolate (17-4 grams). The mixture, which after a 
short time sets to a semi-solid, is kept for a day and then treated 
with water, when the solid dissolves. The ethereal layer, which 
contains only a very small quantity of a red oil, is separated 
from the aqueous solution, the latter is mixed with an excess of 
dilute sulphuric acid, and extracted with ether. On evaporation of 
the ether, a dark oil is left behind, which contains phenylpropiolic 
acid besides the pyrone. Without removing the acid by sodium 
carbonate, the oil may be distilled ina vacuum ; at first, carbon dioxide 
is evolved and phenylacetylene passes over, and then at 220—225° 
under a pressure of about 14 mm. phenylmethyl-4-pyrone distils as 
a yellow oil which soon solidifies. The compound is readily 
soluble in alcohol ; on adding water to this solution, an emulsion 
is produced from which crystals do not separate even on being 
kept for a day. It is also very soluble in benzene or ether, less 
so in cold, but readily so in hot, water ; it dissolves only sparingly in 
boiling light petroleum, and, on cooling, crystallises in colourless 
ne-dles, melting at 87—88°; 
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02060 gave 0°5835 CO, and 0:1005 H,O. C=77-25; H=5-49, 
C,,H,,0, requires C= 77°42 ; H =5°38 per cent, 
2-Phenyl-6-methyl-4-pyrone is very soluble in hydrochloric acid, 
yielding a hydrochloride which is not dissociated by water ; on 
adding platinic chloride to the solution in hydrochloric acid, yelloy 
needles of the platinichloride are formed : 
0°2317 gave 0°0572 Pt. Pt=24-69. 
(C,,H,,0,),,H,PtCl, requires Pt = 24°88 per cent. 


Action of Acetophenone on Ethyl Phenylpropiolate. 


Ono mixing the suspension of sodium ethoxide (6°8 grams) in 
dry ether with acetophenone (12 grams) and ethyl phenylpropiolate 
(17-4 grams), a dark red coloration is produced. The mixture, 
after being kept for two days, is poured into water, and the ethereal 
solution separated. This contains the compound C,,H,,0,, which is 
described later. The aqueous layer is acidified with dilute 
sulphuric acid, and extracted with ether. On evaporation of the ether, 
a brown oil remains behind, which partly solidifies in the course of a 
few hours. The solid is 2 : 6-diphenyl-4-pyrone, 

C,H,°C:CH co 
O-C(C,H,)*CH 
It is freed from the adhering oil by the aid of the pump, and washed 
with dilute alcohol until it is almost white. The substance is 
moderately soluble in cold, readily so in boiling, alcohol, and crystallises 
from dilute alcohol in colourless needles, which on heating behave in 
the manner stated by Feist (/oc. cit.) ; they sinter: at_ about 130°, and 
melt at 138—139°: 
0°2068 gave 0°6220 CO, and 0°0933 H,O. C=8202; H=5°01. 
02023 ,, 0°6096 CO, ,, 00891 H,O. C=82718; H=489. 
C,,H,,0, requires C = 82:22 ; H = 4°84 per cent. 

It has already been mentioned (p. 432) that diphenyl-4-pyrone.is 
soluble in concentrated sulphuric acid and yields a yellow solution. 
The solution of the substance in hot hydrochloric acid has the same 
colour as, indeed, have the needles of the hydrochloride which 
separate on cooling ; in the presence of water, the crystals become 
colourless, owing to the dissociation of the salt into the acid and the 
pyrone. 

On adding platinic chloride to the solution of diphenyl-4-pyrone in 
hot hydrochloric acid, orange prisms of the platinichloride are 
formed : 

0°2625 gave 0:0562 Pt. Pt=21°41. 

(C,,H,,0,).,H,PtCl, requires Pt = 21:47 per cent. 
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The compound, C.,H,.0,, which is contained in the ethereal solution 
of the product of the reaction between sodium ethoxide, acetophenone, 
ad ethyl phenylpropiolate, gradually separates before the ether is 
evaporated, and, on evaporation of the ether, is left behind as a dark 
wid; on washing with alcohol, it is obtained quite white. The 
substance is very soluble in chloroform, less so in cold, but readily so in 
hot, benzene; it dissolves very sparingly in boiling alcohol, and, on 
woling, slowly erystallises in colourless prisms, melting at 224°: 
02055 gave 0°6136 CO, and 0:1042 H,O. C=8143; H=5°6 
0:2003 ,, 05985 CO, ,, 0°0984 H,O. C=8153; H=5-4 
C,,H.,0, requires C= 81°52 ; H=5-43 per cent. 

The substance dissolves in cold concentrated sulphuric acid, yielding 
, violet solution ; it is remarkably stable, and does not dissolve on 
boiling with hydrochloric acid or dilute potassium hydroxide. On 
heating with alcoholic potash, it is decomposed, but, besides aceto- 
phenone, only a resinous product is formed. 
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Iam engaged in the further study of this compound with the view 
of examining whether the formula which I have suggested (p. 432) is 
correct. I propose, also, to investigate on similar lines the behaviour 
of ketones towards diethyl acetylenedicarboxy late. 


GONVILLE AND CAIUS COLLEGE, 
CAMBRIDGE. 


XLII.—Researches on the Anthraquinones. 


By Wiiit1am Henry Bentiey and Cuartes WEIZMANN. 


In continuation of the work on the condensation of phthalic acid and 
its derivatives with the methyl ethers of hydroxybenzenes, attempts 
have been made to prepare in this manner polyhydroxyanthraquinones. 
With this object, a study has been made of the condensation products 
of (I) phthalic anhydride and pyrogallol trimethyl ether ; (II) hemipinic 
anhydride and veratrole, and (III) hemipinic anhydride and pyrogallol 
trimethyl ether. 

In all three cases, condensation has been effected by means of 
aluminium chloride in presence of carbon disulphide, the products in 
the first two reactions being the corresponding benzoylbenzoic acid. In 
the third reaction, an analysis of the product showed that one 
methoxy-group had been replaced by the hydroxy-group : 
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0 
(I) CH,<G0>0 + C,H, (OMe), = CO,H-C,H,-CO-C,H,(OMs), 
(I) ©,H,(OMe,)<C0>0 + 0, H,(0Me), = 
CO,H-C,H,(OMe),*CO-C,H,(OMe) 
(III) C,H,(OMe,) << >0 + C,H,(OMe), = 


CO,H-C,H,(OMe),-CO-C,H,(OMe),. 

The yields of acid obtained in these reactions are far from satis. 
factory, and the purification of the products is somewhat difficult, 
The pure acids, however, are converted with fairly good yields into 
anthraquinone derivatives by warming with concentrated sulphuric 
acid in presence of boric acid, but in all cases the condensation js 
attended by some de-methylation. Thus, the acids from the reactions 
(I), (II), and (III) yielded respectively, on treatment with concentrated 
sulphuric acid, (1) dihydroxymonomethoxyanthraquinone, (2) hydroxy. 
trimethoxyanthraquinone, and (3) trihydroxydimethoxyanthraquinone, 
We succeeded, however, in the case of tetramethoxybenzoylbenzoie 
acid (II) in effecting the condensation without loss of any methoxy- 
groups by employing phosphoric oxide as the condensing agent, and 
obtained tetramethoxyanthraquinone by this means. 


» 


EXPERIMENTAL. 


2’: 3: 4'-(or 3’: 4’: 5’-) Trimethoxy-2-benzoylbenzoic Acid,* 
CO,H-C,H,*CO-C,H,(OMe),. 


Aluminium chloride (34 grams) is added in small portions at a time 
to a mixture of phthalic anhydride (37 grams) and pyrogallol trimethyl 
ether (42 grams) in carbon disulphide (500 ¢.c.), and the whole heated 
on the water-bath for twenty-four hours. 

The carbon disulphide is then removed, and the residual mass 
treated with a large quantity of ice and hydrochloric acid, whereby the 
acid is obtained as a black oil. After distilling in steam to remove all 
volatile matter, the oil is washed several times with warm water, then 
dissolved in sodium carbonate; the solution is boiled with animal 
charcoal, filtered, and acidified with hydrochloric acid, when the acid is 
precipitated as an oil which gradually solidifies. The crystals are 
drained on porous porcelain, and purified by recrystallising from methyl 
alcohol with the aid of animal charcoal, The yield is very poor, and 
is not improved by substituting light petroleum (b. p. 120°) for the 
carbon disulphide : 

Found, C=64:7 ; H=5-4. 

C,-H,,0, requires C= 64:5; H=5'l per cent. 
* For nomenclature see Trans., 1907, 91, 1630. 
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9:3’: 4'-(or 3’: 4’: 5'-)Trimethoxybenzoyl-2-benzoic acid is a white, 
erystalline powder, which melts at 169°, and is soluble in the usual 
organic solvents, but very sparingly so in hot water. 

Dikydroxymethoxyanthraquinone, C,H <60>C,H,(OH).OMe, is pro- 
duced when the foregoing acid is heated with concentrated sulphuric 
acid to 140° in the presence of a little boric acid, On pouring the 
product into ice-water, a brownish-yellow precipitate is obtained, 
which is filtered and washed with boiling water. After crystallising 
from acetic acid, it is obtained in bright orange-coloured flakes melting 
at 235—236° : 

Found, C=66°1; H = 4:2. 

C,;H,,0; requires C= 66°6 ; H=3'7 per cent. 

The presence of one methoxyl group was confirmed by Zeisel’s 

method : 


Found, OMe = 11°7. 
C,,H,0,-OMe requires OMe = 11°5 per cent, 


Tetramethoxy-2-benzoylbenzoic Acid, 
CO,H-C,H,(OMe),°CO*C,H,(OMe),. 


This acid is prepared from hemipinic anhydride (50 grams), 
veratrole (30 grams), and aluminium chloride (50 grams) exactly in 
the same manner as the preceding acid. It separates from methyl 
alcohol as a white powder melting at 193—194° : 

0:1328 gave 0:3030 CO, and 0:0647 H,O. C=62:2; H=5-4. 

C,,H,,0, requires C= 62°4 ; H =5:2 per cent. 

This acid dissolves in sodium carbonate to a colourless solution. 

It readily condenses in concentrated sulphuric acid ; at 60°, the pro- 
duct obtained is a monohydroxytrimethonyanthraquinone, which crystal- 
lises from acetic acid in yellow needles melting at 226°: 

0:1128 gave 0:2695 CO, and 0:0458 H,O. C=65:16; H=4°51, 

C,,H,,0, requires C= 64:97 ; H = 4°46 per cent. 

The substance dissolves in sulphuric acid with a violet-red, and in 
alcoholic potash with a bright red, colour. It is sparingly soluble in 
alcohol, more readily so in acetic acid. 


Tetramethoxyanthraquinone, (OMe),*C,H, <6. >C,H,(OMe),, is ob- 


tained when tetramethoxy-2-benzoylbenzoic acid is mixed with 
phosphoric oxide, and gently heated until fusion occurs. The pro- 
duet is poured into water, and the yellow solid washed with hot dilute 
sodium hydroxide and afterwards with hot water and crystallised 
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from acetic acid, from which it separates in yellow needles melting 
at 239°: 


0°1171 gave 0°2824 CO, and 0:0544 H,O. C=65°'77; H=5-16, 
C,,H,,0, requires C= 65°85 ; H = 4°88 per cent. 


The substance is sparingly soluble in alcohol ; its alcoholic solution 
gives no coloration with potassium hydroxide. It is soluble in concen. 
trated sulphuric acid with a violet-red colour, but does not dissolve in 
aqueous potassium hydroxide. 


Hydroxytetramethoxy-2-benzoylbenzoic Acid, 
CO,H:°C,H.(OMe),*CO-C,H,(OMe),°OH or 
CO,H-C,H,(OH)(OMe)-CO-C,H,(OMe), 


As stated in the introduction, the condensation of pyrogallol 
trimethyl ether with hemipinic anhydride takes place with the loss of 
one methoxy-group. The acid, which is isolated in the usual way, 
crystallises from methyl alcohol in minute prisms, which melt 
indefinitely at 190° : 


0°1290 gave 0:2818 CO, and 0:0582 H,O. C=59°58; H=5-01. 
C,,H,,0, requires C= 59°66 ; H = 4°97 per cent. 


Hydroxytetramethoxy-2-benzoylbenzoic acid dissolves in sodium car- 
bonate, forming a yellow solution. It gives a red solution with 
concentrated sulphuric acid, which, on heating to about 140°, changes 
to violet, due to the formation of trihydrorydimethoxyanthraquinone : 
this is purified by recrystallisation from acetic acid, from which it 
separates in red needles melting at 230°: 

0°1115 gave 0:2476 CO, and 0:0401 H,O. C=60°56; H=3°99. 

C,,H,,0, requires C= 60°76 ; H =3°79 per cent. 


The substance is soluble in potassium hydroxide or sodium 
carbonate, forming reddish-violet solutions, and its solution in concen- 
trated sulphuric acid is deep violet. It is a mordant dye-stuff. 


Our best thanks are due to Messrs. H. Watson and P. 8, MacMahon 
for assistance in this work. 


UNIVERSITY, 
MANCHESTER. 
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XLII.—Organie Derivatives of Silicon. Part V. 
Benzylethylsilicone, Dibenzylsilicone, and other 
Benzyl and Benzylethyl Derivatives of Silicane. 


By Rosert Rosison, B.Se., and Frepreric Srantey Kippine. 


Tue silicones, those derivatives of silicon analogous to the ketones 
in structure, have not yet been very carefully studied, and, in fact, 
only a few compounds of this type have hitherto been prepared. 

The simplest known representative, diethylsilicone, Et,Si0, was 
obtained long ago by Friedel (Ann. chim. phys., 1866, [iv], 9, 5) ; 
diphenylsilicone, Ph,SiO, has been described by Dilthey (Ber., 1905, 
38, 4132), and phenylethylsilicone, PhEtSiO, was prepared by one of 
us a short time ago (Trans., 1907, 91, 218). 

In the course of some recent experiments (Kipping, Trans., 1907, 
91, 720), it was found that benzylethylsilicon dichloride could be 
easily obtained in a pure state; as this compound is decomposed by 
water, giving benzylethylsilicone, BzEtSiO, we have studied the 
behaviour of this silicone in order to ascertain whether it shows 
any similarity to the corresponding ketone. We may say at once 
that it does not ; benzyl ethyl ketone boils at 226° under atmospheric 
pressure; benzylethylsilicone at 305—315° under a pressure of 
22 mm. This very high boiling point of the silicone doubtless 
indicates molecular complexity, and the results of ebullioscopic 
experiments bear out this indication, the values obtained in acetic 
acid and in acetone pointing to the termolecular formula (BzEtSiO),. 
In this respect, benzylethylsilicone resembles diphenylsilicone (Dilthey, 
loc. cit.) ; dibenzylsilicone, which is described in this paper (p. 452), is 
also represented by the molecular formula (Bz,SiO),, and, judging from 
its high boiling point (above 360°), diethylsilicone has an analogous 
molecular complexity. It would seem, therefore, that silicones, as a 
class, differ from the ketones in readily forming comparatively stable 
molecular aggregates, but whether the latter are to be regarded as 
composed of loosely associated, or of chemically united, molecules we 
have as yet no satisfactory evidence before us. 

This association, polymerisation, or union of the simple silicone : 
molecules is probably one of the reasons, but not the only one, why 
in other respects also the silicones show no relationship with the 
ketones ; thus we find that benyzlethylsilicone does not undergo change | 
when it is treated with certain reagents which reduce ketones; we | 
also find that the silicone does not react with hydroxylamine or with 
phenylhydrazine when treated with these reagents in the ordinary 
VOL. XCIII, 
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way. In both these cases, it is possible to account for the result on 
the assumption that the grouping Si-O of the simple silicone does not 
exist in the associated molecule, but, since we know from previous 
experiments (Kipping, /oc. cit.) that the union between nitrogen and 
silicon is dissolved in presence of water, the non-formation of an 
oxime or hydrazone may not be in any way determined by the 
association of the silicone. 

Having found that benzylethylsilicone did not react with the 
ordinary ketonic reagents, we attempted to prepare its sulphonic 
derivative. As a number of derivatives of silicane which contain a 
benzyl group undergo sulphonation very readily, whereas those con- 
taining phenyl or alkyl groups do not, it seemed extremely probable 
that in all the former the sulphonic group displaced hydrogen of the 
benzyl nucleus ; this conclusion was confirmed by the fact that benzyl- 
ethylsilicone could be sulphonated without difficulty, but, unfortu- 
nately, the salts of the acid, which is produced as the main product, 
did not crystallise well. 

In the preparation of the benzylethylsilicon dichloride which was 
required for these and for other experiments, a considerable proportion of 
an oily by-product was invariably obtained (Kipping, Joc. cit., p. 721); 
having collected a large quantity of this oil from different prepara- 
tions, it seemed worth while to try to isolate the dibenzylethyl 
silicyl chloride, of which we thought the product was mainly composed. 
After working at this by-product for some time, we realised that it 
was a far more complex mixture than we had supposed, and ultimately 
we found that it contained, in addition to dibenzyl and some stilbene, 
dibenzylethylsilicy] chloride, dibenzylsilicon dichloride, tribenzylsilicyl 
chloride, and other compounds which were not identified. 

The occurrence in this mixture of dibenzylsilicon dichloride and 
of tribenzylsilicy] chloride is possibly due to the presence of silicon 
tetrachloride in the ethylsilicon trichloride used for the preparation of 
the benzylethyl derivative ; as, however, ethylsilicon trichloride boils 
at 100°, and all the preparations which we used had been repeatedly 
fractionated, employing a rod and disk column, it hardly seems 
likely that they could have contained silicon tetrachloride (b. p. 58°), 
at any rate, in quantity sufficient to yield any appreciable proportion 
of its dibenzyl and tribenzyl derivatives. It seems more likely, there- 
fore, that the observed formation of these compounds is due to the 
displacement of the ethyl by a benzyl group during the treatment of 
the ethylsilicon trichloride with magnesium benzyl chloride ; such a 
reaction is not inherently improbable, and, for different reasons 
altogether, it has been already suggested that a change of this kind 
may occur (Kipping, Joc. cit., p. 730). 

On decomposing with water some of the impure dibenzylsilicon 
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dichloride isolated from the product mentioned above, we obtained a 
crystalline substance melting at 101°, and the results of the examina- 
tion of this compound led us to conclude that it was a hydrol of the 
formula Bz,Si(OH),. The only reason for hesitation in coming to 
this conclusion was that Dilthey (Joc. cit.) had recently described under 
the name dibenzylsilicol, a compound to which he assigned the formula 
Bz,Si(OH),, and an approximate melting point of 76°. He obtained 
this compound by treating silicon tetrachloride with three molecular 
proportions of magnesium benzyl chloride, decomposing the product 
with water, and then crystallising from a mixture of benzene and 
light petroleum, rejecting the portions melting above 76° which con- 
tained tribenzylsilicol. As such a method could hardly yield a pure 
substance, as, in fact, seemed to be admitted by Dilthey himself, we 
thought it probable that his preparation, the melting point of which 
had been lowered to 76°, was a mixture of the hydrol and tribenzyl- 
silicol. But as Dilthey’s numerous analyses all gave results agreeing 
with those required for the hydrol alone, we thought it advisable to 
investigate the matter further, 

Having prepared a considerable quantity of pure dibenzylsilicon 
dichloride, which crystallises in magnificent transparent prisms, some 
of this preparation was decomposed with water; the product after 
recrystallisation melted at 101°, and was identical with the supposed 
hydrol previously obtained. Further evidence of the nature of this 
product was afforded by its behaviour when heated; when kept at 
110° for six hours, it was converted into dibenzylsilicone, a crystalline 
compound melting at 98°, and quite different from the hydrol in 
outward properties, At this stage, we were naturally very doubtful 
as to the purity of Dilthey’s “dibenzylsilicol” melting at 76°, but, on 
attempting to prepare a further quantity of ketone by heating the 
hydrol (m. p. 101°) at 110°, we obtained instead a substance which was 
not dibenzylsilicone, and which, after repeated recrystallisation, 
melted at about 75°, but not sharply; this compound formed well- 
defined, transparent prisms, had the appearance of a pure substance, 
and on analysis gave results agreeing with those required by a hydrol 
of the formula Bz,Si(OH),. Later, this hydrol melting at 75° was 
obtained directly in place of the hydrol melting at 101° by de- 
composing dibenzylsilicon dichloride with water, and crystallising the 
product from a mixture of ether and light petroleum, It seems very 
probable that the substance melting at 75° is identical with Dilthey’s 
dibenzylsilicol (m. p: 76°); in any case, since our experiments show 
that both this and the compound melting at 101° have the molecular 
formula Bz,Si(OH),, we are forced to the conclusion that the two 
hydrols are isomeric, Details of the experimental evidence leading to 
this conclusion are given, but it may be stated here that, in addition 
GG 2 
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to the analyses and molecular weight determinations, it is shown that 
both the hydrols may be converted into dibenzylsilicone under suitable 
conditions. 

In spite of their isomerism, the two hydrols, which we distinguish as 
a (m. p. 101°) and B (m. p. 75°), differ very greatly in outward 
characteristics, and also, in one noteworthy respect, in chemical 
properties ; whereas the a-compound is practically unchanged in a dry 
vacuum, the 8-hydrol becomes oily, owing to loss of the elements of 
water ; further, although we have never succeeded in regenerating the 
a-hydrol after it has once lost the elements of water, the B-hydrol is 
readily formed again on exposing its oily decomposition product to 
moist air. This difference seemed to indicate a possible explanation 
of the observed isomerism ; the a-hydrol might be regarded as a 


compound of the structure BuSi< ep and the B-isomeride as uni- 


molecular dibenzylsilicone crystallised with one molecule of water; 
the results of our cryoscopic experiments, however, do not lend any 
support to this view, which, after all, is barely susceptible of clear 
definition, and up to the present, unless we consider the possibility 


that the B-hydrol may have the constitution Bz,8i:0:0< fy, no other 


explanation has suggested itself. That examples of isomerism among 
derivatives of silicon containing oxygen, without parallel in the case 
of corresponding carbon derivatives, will be no uncommon occurrence, 
seems to be foreshadowed by these results, as well as by Dilthey’s 
observations on the probable existence of isomeric termolecular 
diphenylsilicones (/oc. cit.). 

There are several points in connexion with these hydrols which 
have not yet been very satisfactorily settled, for example, the fact 
that neither compound gives pure ketone when it is heated at 100°; 
it is hoped that this and other matters of interest will be cleared up 
later, the publication of our results in their present state being 
necessitated by unavoidable circumstances. 


EXPERIMENTAL. 
Benzylethylsilicone, BzEtSiO. 


The benzylethylsilicon dichloride employed in this investigation was 
prepared by the method recently described (Kipping, Trans., 1907, 91, 
720). As preliminary experiments showed that the silicone &btained 
from it would not be easily purified by distillation, the dichloride 
itself was very carefully fractionated, and the portion boiling constantly 
at 169° (100 mm.) collected separately. Analyses of these prepara- 
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tions were made by decomposing a weighed quantity with alcoholic silver 
nitrate solution in the manner previously described (loc. cit., p. 217): 


Preparation A : 0°6376 gave 0°8188 AgCl. Cl=31°7, 
Preparation B: 0°4736 ,, 0°6134 AgCl. Cl=32°0, 
C,H,,Cl,Si requires Cl = 32°3 per cent. 

The fractions of benzylethylsilicon dichloride boiling just above 169° 
contained only a little dibenzyl as impurity ; in later experiments, the 
silicone was prepared from some of these, and the dibenzyl separated by 
distillation in steam ; the product thus obtained was scarcely less pure 
than that prepared from the fractions boiling at 169°. 

Benzylethylsilicon dichloride is rapidly decomposed by water, and a 
considerable rise in temperature occurs. The oily product was extracted 
with pure ether, the solution washed with water, dried, and evaporated. 
The residue was a colourless, viscous oil ; it was left for some time in a 
vacuum over sulphuric acid, and then analysed with the following 


results : 
03294 gave 0°1218 SiO,. Si=17°3. 
01959 ,, 04668 CO, and 0°1291 H,O. C=65:0; H=7°3. 
C,H,,OSi requires Si= 17:3 ; C=65°7 ; H=7°4 per cent. 

Benzylethylsilicone is insoluble in water, but miscible with ether, 
light petroleum, and other organic solvents. 

When the silicone is distilled under reduced pressure (22 mm.), 
70—80 per cent. of the whole passes over between 305° and 315°, but 
there then remains a dark-coloured residue which does not distil at 
360°; on redistilling the portion collected from 305—315°, 70 to 80 per 
cent, again passes over between the same temperatures as before, and 
again there remains a dark-coloured residue of much higher boiling 
point. Water seems to be formed in small quantity, and on opening 
the flask there is generally a very strong odour of benzaldehyde. The 
distillate is nearly colourless, and on analysis proves to be the unchanged 
silicone, whereas the residue, which is very viscous, gives a higher 
percentage of silicon. 

The following results were obtained with the distilled benzylethyl- 
silicone : 

0°3508 gave 0°1292 SiO,. Si=17°2. 

01582 ,, 0°3815 CO, and 0°1060 H,O. C=65:8; H=7-4. 

C,H,,OSi requires Si=17°3 ; C=65°7 ; H=7-4 per. cent. 

Since the boiling point of benzylethylsilicone is so much higher than 
that of the corresponding carbon compound, benzyl ethyl ketone (b. p. 
226°/760 mm.), it seemed very probable that the molecule of the former 
was highly associated and not represented by the simple formula 
BzEtSiO. This view was confirmed by molecular weight determina- 
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tions made by the ebullioscopic method. Both the undistilled and the 
distilled silicone were used, but the two preparations gave similar 
results : 


Undistilled Benzylethylsilicone. 


Weight of Weight of Percentage 


substance solvent con- 
Solvent. in grams. ingrams. centration. A. Mol. wt, 
0°374 15°4 2°3 0°150° 429 
Acetic acid 0761 15°4 4°7 0-290 44] 
1°104 15°4 6°7 0°368 493 
0°248 10°0 2°4 0°093 445 
Acetone 0°526 10°0 50 0°193 455 
0°896 100 8°2 0°323 463 
Distilled Benzylethylsilicone. 
Weight of Weightof Percentage 
substance solvent con- 
Solvent. in grams. in grams. centration. 4. Mol. wt. 
0°311 10°5 2°9 0°180° 416 
‘ ‘ 0°673 10°5 6°0 0°356 454 
Acetic acid, 1-016 10°5 8°8 0°510 480 
1°356 10°5 11°4 0°666 490 


As the formula BzEtSiO requires a molecular weight of 164°5, it seems 
clear that the liquid silicone is a compound of complex molecules 
(BzEtSiO),. 

Diphenylsilicone, according to the observations of Dilthey (Ber., 
1905, 38, 4134), exists in two modifications, namely, in a gelatinous 
form, melting at 105—110°, and in a crystalline form, melting at 188° ; 
the molecular weights of these two substances were determined by him 
in benzene solution, and, whereas in the case of the latter the results 
indicated a termolecular association (Ph,SiO),, in the former they were 
apparently not conclusive, although pointing to a similar complexity. 
We have not observed the formation of any solid form of benzylethy]l- 
silicone ; the substance has been kept for several months in a desiccator 
over sulphuric acid, it has ‘jeen kept for a long time at 0°, and also 
treated with a drop of acetic anhydride, a reagent which converts 
gelatinous diphenylsilicone into the crystalline form, but without any 
obvious result. 

The very viscid, brovyn residue which remains on distilling 
benzylethylsilicone under réduced pressure does not seem to be simply 
another form of the silicone;,but a condensation product ; as it could 
not be purified, we merely determined the silicon in the crude substance 
and carried out some molecular weight determinations with the follow- 
ing results : 

03049 gave 0:1200 SiO,. Si=18'4. 
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Weight of Weight of Percentage 


substance solvent con- 
Solvent. in grams. in grams. centration. A. Mol. wt. 
{ 0°397 10°4 3°7 0°155° 622 
Acetic acid 0°770 10°4 6°9 0°245 764 
| 1-037 10°4 9°1 0°355 711 
Acetone 0°423 10°0 4°] 0°103 686 


Behaviour of Benzylethylsilicone towards Ketonic Reagents. 


Phenylhydrazine seems to have no action on benzylethylsilicone ; 
equal quantities of the base and the silicone were warmed together at 
100° for two hours, and the two substances were also heated together 
at 100° for two hours in glacial acetic acid solution. In each case, 
after shaking the ethereal solution of the silicon compound with very 
dilute hydrochloric acid and evaporating, the resulting oil was free 


from nitrogen. 
Hydroxylamine also seems to have no action on the silicone in 


alcoholic potash solution. 

Attempts were made to prepare derivatives of the silicone by 
treating benzylethylsilicon dichloride with bases such as pheny]- 
hydrazine and p-toluidine, but a definite compound was not isolated in 
either case ; even if the expected interaction occurred, the product was 
decomposed by the acid or water employed in removing the excess of 
the base, and was free from nitrogen. 

Benzylethylsilicone is not’ reduced by sodium and alcohol. A 
sample which had been thus treated with a large excess of the 
theoretical quantity of sodium was as viscous as before, and gave no 
effervescence with sodium. It was next dissolved in ether, the 
solution poured on to a concentrated solution of potassium hydroxide, 
and, finally, sodium added in small quantities at a time, using a large 
excess, The product showed no signs of having been reduced, and on 
analysis gave results which showed it to be the unchanged silicone. 


01981 gave 0°4693 CO, and 0°:1370 H,O. C=64-'7; H=7'7. 
C,H,,OSi requires C=65'7 ; H=7:4 per cent. 
C,H,,0Si ,, C=648; H=85 ,,_,, 
Although the above experiments show that benzylethylsilicone is 
relatively a very inert substance, a vigorous reaction takes place when 
it is mixed with an ethereal solution of magnesium ethyl bromide ; 
unfortunately, we have not yet been able to investigate the product. 


Sulphobenzylethylsilicone, EtSiO-CH,°C,H,°SO,H. 


When the silicone is heated with ordiuary sulphuric acid (2 vols.) 
at 100° for about two hours, it passes into solution and no precipitate 
is produced on subsequently diluting with water. The aqueous 
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solution, having been neutralised with barium carbonate, filtered, and 
evaporated, gives the buriwm salt of a sulphonic derivative of silicon 
as a colourless, but not visibly crystalline, solid residue. This substance 
is sparingly soluble in cold, but readily so in hot, water, except 
that there is always a slight residue which does not dissolve; it ig 
insoluble in alcohol. The crude product was separated into two parts 
by fractional crystallisation from water, and each portion was analysed 
by heating a weighed quantity with distilled sulphuric acid. 


Less Soluble Portion : 
0°2570 gave 071432 residue (SiO, + BaSO,) = 55:7. 


More Soluble Portion : 


0°2894 gave 0°1580 residue (SiO, + BaSO,) = 54°6. 
(EtSi0°CH,°C,H,*SO,),Ba requires (SiO, + BaSO,) = 56:7 per cent, 


A little of the salt was decomposed with the exact amount of 
sulphuric acid, the solution filtered, and the filtrate evaporated. The 
sulphonic acid so obtained was a colourless, viscous liquid, and gave a 
residue of silica on ignition. 

These experiments having indicated that the sulphonation product 
was a monosulphonic derivative of benzylethylsilicone, a portion of the 
barium salt was treated with excess of ammonium carbonate solution; 
after filtering, evaporating, and heating until all the ammonium 
carbonate was expelled, there remained a colourless, very hygroscopic 
ammonium salt, which was also freely soluble in methyl and ethyl 
alcohols. A solution of this salt was treated with solutions of silver 
nitrate, lead acetate, calcium chloride, and a number of other metallic 
salts, but no precipitate was obtained; solutions of p-toluidine, 
quinine, cinchonine, and cinchonidine hydrochlorides gave colourless 
solid precipitates, but all attempts to obtain these compounds ina 
well-crystallised state were unsuccessful. 

The quinine salt, after drying at 100°, melted at 180—200°; 
although it did not seem to be at all hygroscopic, mere contact with a 
little methyl alcohol, ethyl alcohol, acetone, ethyl acetate, or mixtures 
of these solvents converted it into an oil. Having failed to obtain a 
crystallised derivative, we returned to the barium. salt; the original 
preparation was fractionally precipitated from its aqueous solution 
by the addition of alcohol ; in this way, we finally obtained from it a 
relatively very small quantity of a salt almost insoluble in warm 
water, but soluble in presence of the other portion of the original 
preparation. This sparingly soluble salt was boiled with excess of 
ammonium carbonate solution, and the filtrate was heated until all 
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ammonium carbonate was expelled. The residue was then dissolved 
in dilute alcohol, and the solution allowed to evaporate spontaneously ; 
flat, colourless prisms were then deposited, but only a smal! quantity 
of these well-defined crystals was obtained. As this salt was not 
analysed, its composition cannot be stated with certainty, but, as it 
contained silicon and gave ammonia when heated with potash, it is 
very probable that it was a pure ammonium salt of benzylethylsilicone- 
sulphonic acid. 

The readily soluble portion of the barium salt was dried at 100° 
until constant and then analysed : 

0:3074 gave 0°1726 residue (SiO, + BaSO,) = 56:1. 

C,,H,.0,8,BaSi, requires (SiO, + BaSO,) = 56:7 per cent. 

This salt was also converted into the ammonium salt, which, 
however, did not crystallise well ; it was a colourless, hygroscopic 
substance, only moderately soluble in alcohol. 

From the above experiments, we conclude that in the sulphonation 
of the silicone two isomeric acids (probably the ortho- and para- 
compounds) are formed. 


By-products from the Preparation of Benzylethylsilicon Dichloride. 


The product of the interaction of ethylsilicon trichloride and 
magnesium benzyl chloride is a complex mixture ; after separating the 
benzylethylsilicon dichloride, which is contained in the fraction 
collected below 200° under a pressure of 100 mm., there remains a 
considerable quantity of a rather viscid, brown, fuming liquid. Having 
accumulated a considerable quantity of this by-product from a number 
of different experiments, we submitted the whole to systematic frac- 
tional distillation under reduced pressure (100 mm.) in a long-necked 
flask provided with a rod and disk column. The fractions of lowest 
boiling point thus obtained solidified on cooling, and consisted 
principally of dibenzyl, which accumulated in the portions distilling from 
about 190° to 244°; those portions distilling between 220° and 244° 
also contained a little stilbene. 

A considerable quantity of a fuming liquid, boiling almost constantly 
at 244-248° (100 mm.), was the next fraction collected ; this product 
is described below. Above 248°, the thermometer rose continuously 
and fairly rapidly to about 300°, and this portion of the distillate 
yielded no definite product. From 300° to 360°, there passed over a 
rather thick, yellow liquid containing tribenzylsilicyl chloride, the 
isolation of which is also described later (p. 450). 
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a-Dibenzylsilicol, Bz,Si(OH),. 


The fraction boiling at 244—-248° (100 mm.) seemed to be a fairly 
pure compound, and, from its boiling point, was thought to consist of 
dibenzylethylsilicyl chloride, Bz,EtSiCl. A sample was analysed by 
decomposing it with aqueous ammonia, evaporating until neutral, and 
then titrating with silver nitrate solution (1 c.c.=0-00178 Cl) : 


0°1940 required 195 cc. Cl=17°9. 
02005 _ si, 20'lec. Cl=17°8. 


C,,H,,ClSi requires Cl = 13-0; C,,H,,Cl,Si requires Cl = 25-2 per cent. 
These results showed that the liquid contained a large proportion 
of some substance far richer in chlorine than dibenzylethylsilicy] 
chloride, and the only compound which fulfilled this condition and the 
presence of which seemed possible was dibenzylsilicon dichloride ; as 
this substance would probably havea boiling point approximately the 
same as that of dibenzylethylsilicyl chloride, and, if present, could 
hardly be separated by further fractional distillation, the whole of the 
chloride, was decomposed with water and the resulting oil extracted 
with ether. On evaporation, there was obtained a colourless solid 
substance, which, however, contained some oil ; this latter was removed 
by washing with light petroleum, but attempts to purify the solid 
substance further by recrystallisation from benzene, a mixture of light 
petroleum and ether, or light petroleum and benzene, were only partly 
successful; each time the substance was dissolved, decomposition 
seemed to take place, and the quantity of solid rapidly diminished. At 
last, however, by the spontaneous evaporation of an alcoholic solution, 
a small quantity of substance was obtained in long, asbestos-like prisms, 
melting at 101°. This compound was readily soluble in ether, benzene, 
or alcohol, but almost insoluble in light petroleum and insoluble in 
water. When kept at a temperature slightly below its melting point 
for a short time, it liquefied ; on cooling a little, crystals reappeared, 
but the substance did not solidify entirely until the temperature fell to 
50°. Its behaviour resembled that of a solid crystallising from its satur- 
ated solution, but with this modification, that as long as the tempera- 
ture was maintained above 50° the solid changed into the liquid phase at 
an appreciable rate. After having been heated at about 160°, the 
substance remained entirely liquid at 0°. 
An analysis of the crystals, melting at 101°, which had been dried 
over sulphuric acid gave the following results : 
0:1974 gave 0°4978 OO, and 0°1200 H,O. O=688; H=6°7. 
C,,H,,0,Si requires C=68°7 ; H=6°5 per cent. 
From its behaviour during the combustion, the boiling point of this 
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substance, or rather that of the liquid into which it changes, must be 
very high, probably above 400°. 

The method of formation of this compound, its behaviour on solution 
and when heated, and the analytical results, led us to conclude that it 
was dibenzylsilicol, Bz,Si(OH), ; such a compound when heated would 
doubtless lose water, giving the silicone, and the latter would then 
probably pass into a substance of very high boiling point, represented 
by the molecular formula (Bz,SiO),, analogous to the polymeric modi- 
fication of benzylethylsilicone (p. 444). The further investigation of 
this compound is described later (p. 452). 


Dibenzylethylsilicol, Bz,EtSi-OH. 


The oily portion of the product obtained by treating the chloride 
with water and separated from the dibenzylsilicol by filtration 
(together with the oil obtained from the decomposition of the hydrol 
during recrystallisation) was fractionally distilled under a pressure of 
25 mm. The thermometer rose immediately to about 205°, and 
between this temperature and 215° about 40 per cent. of the whole 
liquid distilled ; the thermometer then rose again very rapidly to about 
360°, at which temperature heating was discontinued ; the undistilled 
residue formed about 50 per cent. of the whole; it was not further 
examined, but it seems very probable that it consisted principally of 
the polymerised dibenzylsilicone, (Bz,SiO),, formed by the decomposition 
of the hydrol already described. The fraction collected between 205° 
and 215° was redistilled under the same pressure (25 mm.) as before, 
and the portion boiling at 207—212° collected separately. When 
kept for some time in a freezing mixture, this liquid deposited a small 
quantity of a crystalline substance which was ultimately found to be 
a mixture of stilbene and a compound containing silicon and melting 
at 54°. The stilbene was identified by its melting point, 120—121°, 
and by converting it into its well-crystallised dibromide (a), which 
melted at 233° ; its presence cannot be accounted for. The crystalline 
silicon compound (m. p. 54°) is described later. After separatiog the 
crystalline deposit, the oil was analysed : 


0°7610 gave 0°1627 SiO,. Si=10-0. 

03624 ,, 0:0775 SiO, Si=10-1. 

02517 ,, 06967 CO, and 0:1800 H,O. C=75°5;H= 7:9. 
C,,H,,OSi requires Si= 10:9; C=75°0; H=7'8 per cent. 


The results of the combustion agree satisfactorily with those 
required for dibenzylethylsilicol, and in spite of the discordance 
between the theoretical and experimental values for the percentage of 
silicon we are of the-opinion that this preparation was a moderately 
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pure sample of the silicol; this conclusion is rendered extremely 
probable by the facts described below. 


Dibenzylethylsilicyl Oxide, (Bz,EtSi),0. 


The preparation of dibenzylethylsilicol just described was left over 
sulphuric acid in a vacuum previous to making another analysis, 
it was then observed that the oil had deposited crystals, which melted 
at 54°, like those previously separated, An analysis of the remaining 
oil also showed that the percentage of carbon was now much higher 
than before, an indication that some decomposition, probably the 
elimination of water, had occurred : 

0°1842 gave 0°5204 CO, and 0°1336 H,O. C=77:0; H=8°0. 

After some time, practically the whole of the oil became changed 
into these crystals, which were purified by recrystallisation from 
alcohol. They then melted sharply at 55°, and on analysis gave 
results agreeing with those required for the oxide of dibenzylethyl- 
silicol, (Bz,EtSi),O, thus confirming the constitution of the oil from 
which they were derived : 

0°1976 gave 0°5617 CO, and 0°1399 H,O. C=775; H=7°9. 

01717 ,, 04870CO, ,, 0:1192H,O. C=77:4; H=77. 

C,,H,,OSi, requires C=77°6 ; H=7°7 per cent. 

A molecular weight determination was also made by the ebullioscopic 
method in acetone solution with the following result : 

0°387 in 10:2 acetone gave At-0°135. Mol. wt. = 452. 

As the calculated molecular weight for the silicol is 257 and for the 
oxide 495, there does not seem to be much doubt as to the nature of 
the compound. Dibenzylethylsilicyl oxide crystallises in glistening 
plates, is moderately soluble in warm alcohol, and readily so in 
ether. A little of the substance was boiled with potassium hydroxide 
for a short time to try to reconvert it into the silicol, but its melting 
point was found to be unchanged by this treatment. 


Tribenzylsilicyl Chloride, Bz,SiCl. 


The fraction of the original by-product (p. 447) collected from 300° 
to 360° (100 mm.) slowly deposited long needles. These were quickly 
separated by filtration, and spread on porous earthenware in a 
desiccator. After recrystallising twice from light petroleum, they 
were obtained in slender, colourless prisms, moderately soluble in hot 
light petroleum, readily so in ether, but very sparingly so in cold light 
petroleum, The compound melted at 141°, and, although it did not 
fume perceptibly in the air, it was readily decomposed by water ; 
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a chlorine estimation was made by the volumetric method (1 c.c, 
0:2735 required 16°2 c.c. AgNO, ; Cl=10°5. 
©,,H,,ClSi requires Cl=10°5 per cent. 


Tribenzylsilicol, SiBz,°OH. 


The chloride just described was warmed with moist alcohol, and the 
product recrystallised from light petroleum ; it separated in colourless 
needles, melting sharply at 104°, and was readily soluble in ether, but 
only moderately so in light petroleum : 

0:1024 gave 02974 CO, and 0:0665 H,O. C=79:2; H=7°-2. 

C,,H,,OSi requires C = 79-1 ; H=7-0 per cent. 

Tribenzylsilicol has recently been described by Dilthey (Joc. cit.), 

who gives its melting point as 106°. 


Dibenzylsilicon Dichloride, Bz,SiCl,. 


In order to confirm some of the results of the experiments described 
above, a quantity of dibenzylsilicon dichloride was prepared from 
silicon tetrachloride. To 1 molecule of the latter, 22 molecules of 
magnesium benzyl chloride were slowly added with vigorous cooling 
and stirring. The whole was allowed to stand overnight, the ether 
then evaporated, and the residue heated at 100° for three hours. It 
was then extracted with ether in the apparatus already described 
(Kipping, Trans., 1907, 91, 216). After distilling off the ether, the 
residual oil was fractionally distilled under a pressure of 100 mm., 
using a long-necked flask with rod and disk column. A small quantity 
passed over below 200°, and then a large fraction between 200° and 240° 
which became solid on cooling, and consisted of dibenzyl; from about 
240°, the thermometer rose very slowly, and a large proportion of the 
whole distilled below 250°; above 250°, the thermometer rose more 
rapidly to 360°, but there still remained a considerable residue of 
viscid, brown oil which did not distil at 360°. The fraction 241—250° 
was distilled twice more, and, finally, the portion boiling between 
241—245° was collected separately ; after having been kept in a 
closed vessel for some time, the colourless oil solidified completely. It 
was then recrystallised from light petroleum, from which it was ob- 
tained in magnificent, colourless prisms ; these were moderately soluble 
in light petroleum, and melted at 50—52°; they fumed somewhat in 
the air, and, when previously reduced to a powder, were readily 
decomposed by water ; otherwise a thin film of the insoluble decom- 
position product was formed at the surface and prevented further 
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pure sample of the silicol; this conclusion is rendered extremely 
probable by the facts described below. 


Dibenzylethylsilicyl Oxide, (Bz, EtSi),0. 


The preparation of dibenzylethylsilicol just described was left over 
sulphuric acid in a vacuum previous to making another analysis ; 
it was then observed that the oil had deposited crystals, which melted 
at 54°, like those previously separated, An analysis of the remaining 
oil also showed that the percentage of carbon was now much higher 
than before, an indication that some decomposition, probably the 
elimination of water, had occurred : 

0°1842 gave 0°5204 CO, and 0°1336 H,O. C=77:0; H=8°0. 

After some time, practically the whole of the oil became changed 
into these crystals, which were purified by recrystallisation from 
alcohol. They then melted sharply at 55°, and on analysis gave 
results agreeing with those required for the oxide of dibenzylethyl- 
silicol, (Bz,EtSi),O, thus confirming the constitution of the oil from 
which they were derived : 

0°1976 gave 0°5617 CO, and 0°1399 H,O. C=775; H=7°9. 

01717 ,, 04870CO, ,, 01192 H,O. C=77-4; H=77. 

C,,H,,OSi, requires C=77°6 ; H=7°7 per cent. 

A molecular weight determination was also made by the ebullioscopic 
method in acetone solution with the following result : 

0°387 in 10°2 acetone gave At-0°135. Mol. wt. = 452. 

As the calculated molecular weight for the silicol is 257 and for the 
oxide 495, there does not seem to be much doubt as to the nature of 
the compound. Dibenzylethylsilicyl oaide crystallises in glistening 
plates, is moderately soluble in warm alcohol, and readily so in 
ether. A little of the substance was boiled with potassium hydroxide 
for a short time to try to reconvert it into the silicol, but its melting 
point was found to be unchanged by this treatment. 


Tribenzylsilicyl Chloride, Bz,SiCl. 


The fraction of the original by-product (p. 447) collected from 300° 
to 360° (100 mm.) slowly deposited long needles. These were quickly 
separated by filtration, and spread on porous earthenware in 4 
desiccator. After recrystallising twice from light petroleum, they 
were obtained in slender, colourless prisms, moderately soluble in hot 
light petroleum, readily so in ether, but very sparingly so in cold light 
petroleum, The compound melted at 141°, and, although it did not 
fume perceptibly in the air, it was readily decomposed by water; 
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a chlorine estimation was made by the volumetric method (1 cc. 
AgNO, =0°00178 Cl): 

0:2735 required 16°2 cc, AgNO, ; Cl=10°5. 
©,,H,,CISi requires Cl=10°5 per cent. 


Tribenzylsilicol, SiBz,*OH. 


The chloride just described was warmed with moist alcohol, and the 
product recrystallised from light petroleum ; it separated in colourless 
needles, melting sharply at 104°, and was readily soluble in ether, but 
only moderately so in light petroleum : 

0'1024 gave 0°2974 CO, and 0:0665 H,O. C=79:2; H=7°2. 

C,,H,,OSi requires C= 79-1 ; H=7-0 per cent. 

Tribenzylsilicol has recently been described by Dilthey (Joc. cit.), 

who gives its melting point as 106°. 


Dibenzylsilicon Dichloride, Bz,SiCl,. 


In order to confirm some of the results of the experiments described 
above, a quantity of dibenzylsilicon dichloride was prepared from 
silicon tetrachloride. To 1 molecule of the latter, 22 molecules of | 
magnesium benzyl chloride were slowly added with vigorous cooling [ 
and stirring. The whole was allowed to stand overnight, the ether 
then evaporated, and the residue heated at 100° for three hours. It 
was then extracted with ether in the apparatus already described 
(Kipping, Trans., 1907, 91, 216). After distilling off the ether, the 
residual oil was fractionally distilled under a pressure of 100 mm., 
using a long-necked flask with rod and disk column. A small quantity 
passed over below 200°, and then a large fraction between 200° and 240° 
which became solid on cooling, and consisted of dibenzyl; from about 
240°, the thermometer rose very slowly, and a large proportion of the 
whole distilled below 250°; above 250°, the thermometer rose more 
rapidly to 360°, but there still remained a considerable residue of 
viscid, brown oil which did not distil at 360°. The fraction 241—250° 
was distilled twice more, and, finally, the portion boiling between 
241—245° was collected separately; after having been kept in a 
closed vessel for some time, the colourless oil solidified completely. It 
was then recrystallised from light petroleum, from which it was ob- 
tained in magnificent, colourless prisms ; these were moderately soluble 
in light petroleum, and melted at 50—52°; they fumed somewhat in 
the air, and, when previously reduced to a powder, were readily 
decomposed by water; otherwise a thin film of the insoluble decom- 
position product was formed at the surface and prevented further 
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action of the water. An analysis of these crystals was carried out 
volumetrically (1 c.c. AgNO, =0°00178 Cl): 

0°1385 required 19°9 c.c. AgNO, ; Cl= 25°5. 

0:2407 pa 34°4 c.c, AgNO, ; Cl=25°4. 

C,,H,,Cl,Si requires Cl = 25:2 per cent. 

This pure dichloride was decomposed by dissolving it in ether and 
shaking the solution with water until free from hydrochloric acid, 
The substance obtained melted at 101°, softening slightly at 98°, and 
was identical with the a-dibenzylsilicol previously described (p, 448), 
as proved by the following analyses : 

0°4200 gave 0°1058 SiO,. Si=11°8. 

0°1960 ,, 0°4953 CO, and 01206 H,O. C=68:9; H=6°8, 

01172 ,, 02963 CO, , 00711 H,0. C=68:9; H=68., 

C,,H,,0,Si requires Si=11°6 ; C=68-7 ; H=6'5 per cent. 

Molecular weight determinations were carried out by the cryoscopic 

method with the following results : 


0°'184 in 18°3 acetic acid gave A¢—0°155°. Mol. wt. = 251. 


ee, a | le | 
0625 ,, 18:0 ,, 4 4  » O570% 4, 4, =236. 
-0688..193 . »w» » » Ot. . » =988. 


C,,H,,0,Si requires Mol. wt. = 244°6. 


Dibenzylsilicone, Bz,SiO. 


The substance just referred to as a-dibenzylsilicol, and prepared by 
decomposing pure dibenzylsilicon dichloride with water, was certainly 
not identical with the substance (m. p. 76°) obtained by Dilthey 
(loc. cit.), and to which he assigned the formula Bz,Si(OH),. 

In order to obtain some further confirmation of the nature of our 
compound, we heated a small quantity of it at 110° for six hours with 
the object of converting it into the corresponding ketone. ‘The oily 
product was then dissolved in a mixture of alcohol and ether, from 
which it separated in colourless prisms, and after recrystallisation 
from light petroleum these melted at 98°. The compound was readily 
soluble in ether, and moderately so in alcohol or light petroleum. A 
preparation was analysed with the following results : 

0:1707 gave 0°4653 CO, and 0°1002 H,O. C=74:3; H=6°. 

01549 ,, 0422000, ,,=0°0892 H,O. C=743; H=6-4. 

C,,H,,OSi requires C= 74:2; H=6-2 per cent. 

It seemed clear from these observations that the supposed hydrol 
had been converted in a normal manner into the corresponding ketone 
(the termolecular form, p. 439), and that the melting point given by 
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Dilthey was incorrect ; further experiments, however, led to the 
discovery of another hydrol, probably identical with the compound 
obtained by Dilthey. 


B-Dibenzylsilicol, Bz,Si(OH),. 


On attempting to prepare a further quantity of ketone in the same 
manner as before, namely, by heating the a-hydrol (m. p. 101°) at 
110° for several hours, an altogether different result was obtained ; a 
solution of the oily residue in light petroleum deposited, not the 
ketone, but a crystalline substance, melting at 65—70°. This product 
was repeatedly recrystallised, the best results being obtained by dis- 
solving it in a very little ether and adding a considerable quantity of 
light petroleum ; it was then deposited, in the course of about half an 
hour, in beautiful, transparent prisms, which melted at 75°, softening 
at 70°. Repeated recrystallisation failed to render the melting point 
more precise, although to all appearance the preparation was quite 
pure. Unless the recrystallisation was carried out rapidly, and at a 
low temperature, some slight decomposition occurred, and the mother 
liquor deposited a small quantity of an oil. Analyses of samples dried 
in the air gave results which agreed with those required for the 
hydrol, Bz,Si(OH),, although the percentage of carbon was always a 
trifle too high : 

I. 0:1760 gave 0°4457 CO, and 0'1076 H,O. C=69:1; H=6°8. 

II. 0:1554 ,, 03946 CO, ,, 00934 H,O. C=692; H=6°7. 

III. 01711 ,, 04334 CO, ,, 0°1026 H,O. C=69:1; H=6°7. 

C,,H,,0,Si requires C= 68-7 ; H=6°5 per cent. 


Sample III was prepared by crystallising sample II three times from 
ether and light petroleum. 

Molecular weight determinations made by the cryoscopic method 
gave the following results : 


0514 in 16°5 benzene gave At—0°290°. Mol. wt. =540. 
0703 ,, 174 ,, » 9» 0°360°. , 4 =560. 
0:287 ,, 22-4aceticacid,, ,, 0°190% ,, ,, =260° 
064.178 4, 2» «ia OOP. . «' we. 
C,,H,,0,Si requires Mol. wt. = 244. 


Most of the substance was recovered apparently unchanged when 
the benzene and acetic acid solutions were allowed to evaporate, but 
a trace of the oily decomposition product (see above) had doubtless 
been formed, 

As this compound melting at’ 75° was thus found to be isomeric 
with the a-hydrol melting at 101°, it was natural to suppose that the 
two substances were merely different crystalline forms of one and 
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the same substance. This view, however, had to be abandoned: 
samples of the two different preparations were crystallised under 
exactly the same conditions from a mixture of ether and light 
petroleum, but each retained its own distinctive properties. It was 
also found later that the two compounds could be deposited side by 
side from one and the same solution. 

In one experiment, a fresh sample of dibenzylsilicon dichloride, 
boiling at 241—-245° (100 mm.), prepared as before (which, although 
apparently pure, could not be crystallised), was decomposed with water 
and the product extracted with ether. When the solution was left to 
evaporate spontaneously, instead of becoming almost solid from the 
separation of pure a-hydrol, it deposited the B-hydrol in fine, large 
crystals, which, after recrystallisation from ether and light petroleum, 
melted at 75°, softening at about 70°. On the addition of light 
petroleum to the oily mother liquor, the whole became a thick paste 
of what seemed to be a mixture of the two forms of the hydrol, 
Attempts to separate these by recrystallisation were not very success- 
ful, as their solubilities were practically the same in all solvents, 
but at last a small quantity of the a-hydrol was isolated in a 
moderately pure condition. 


Conversion of the B-Hydrol into Dibenzylsilicone. 


The conversion of the §-dibenzylsilicol into the corresponding 
silicone seemed at first an extremely simple operation. A small 
quantity of the pure compound was gently heated in a test tube over 
a bunsen flame until the escape of water vapour ceased, and the 
resulting oil was dissolved in light petroleum ; on cooling, the solution 
deposited crystals of pure dibenzylsilicone (m. p. 97—98°). On 
repeating the experiment with the same sample of B-hydrol under as 
nearly as possible the same conditions, instead of the silicone, the 
original B-hydrol was finally deposited from the light petroleum 
solution ; several further similar experiments also gave this result, 
in spite of the fact that the water produced during the heating of the 
hydrol was clearly visible on the sides of the test tube. Many other 
attempts were made to transform the B-hydrol into the silicone ; for 
example, the compound was heated at 150° for five minutes in an 
open dish, but, on crystallising the residue from light petroleum, 
practically the whole of the hydrol was ultimately recovered, although 
mixed with some oily product. Only in a few cases did we obtain any 
crystalline silicone. 
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Formation of the B-Hydrol from Dibenzylsilicone. 


These perplexing results were explained to some extent by the 
discovery of the extraordinary fact that the oily product formed by 
the dehydration of the B-hydrol combines readily with water, the 
B-hydrol being regenerated. When the pure f-hydrol is kept in a 
yacuum over sulphuric acid at the ordinary temperature, it is con- 
yerted in the course of about twenty-four hours into a very viscous, 
colourless oil ; when this oil is exposed again to moist air, it is slowly 
reconverted into the B-hydrol, and if rubbed with a little water the 
change takes place in a few minutes, 


Further Experiments on the Conversion of the Hydrols into the 
Silicone. ; 


Quantitative experiments on the transformation of the -hydrol 
into silicone at the ordinary temperature were not attempted, as the 
oily silicone formed at the surface prevents the decomposition of the 
crystals underneath ; such experiments, however, carried out at 100° 
showed that after about seventy hours’ heating the weight became 
practically constant, the loss being 6°6 instead of 7:4 per cent. as 
required by theory. Although the transformation of the hydrol into 
the silicone is a very simple change theoretically, and the last experi- 
ment seemed to show that it occurred almost quantitatively, some of 
our observations are not easily explained ; thus the oil obtained by 
heating the B-hydrol at 100° did not give either crystalline silicone or 
B-hydrol when it was dissolved in ether and light petroleum or rubbed 
with water, differing in this respect from the oily silicone obtained in 
a vacuum at the ordinary temperature. Further, we have not been 
able to elucidate the nature of the oil which is produced in small 
quantities when the pure hydrol is recrystallised from various solvents, 
except that in some cases we have obtained from it the crystalline 
silicone by heating at 100°. It seems tolerably certain that, whereas 
the dehydration of the B-hydrol at the ordinary temperature leads simply 
to the formation of a unimolecular oily silicone which readily recom- 
bines with water, the effects of heating are more complex and lead to 
the formation of the termolecular crystalline silicone as well as that of 
other compounds. 

The a-hydrol differs notably from the £-isomeride in stability ; when 
kept over sulphuric acid in a vacuum, it does not change appreciably 
in appearance, although it becomes somewhat sticky in the course of a 
few days. A quantitative experiment on the decomposition of the 
a-hydrol (m. p. 101°) gave unsatisfactory results. The pure compound 
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was heated at 110° in an open vessel ; the weight decreased slowly 
and fairly regularly until after about twenty-five hours the theoretica] 
loss (7°4 per cent.) for the formation of silicone had taken place ; after 
about twenty-five hours’ further heating, the loss amounted to about 
11 per cent., but even then the weight of the oily product showed no 
sign of becoming constant. In no case have we been able to regenerate 
the a-hydrol from the product of its dehydration. 


Action of Acetyl Chloride and Acetic Anhydride on the Hydrols, 


Having failed to ascertain the precise conditions necessary for the 
conversion of the hydrols into the crystalline silicone by the action of 
heat alone, we studied their behaviour towards acetyl chloride and 
acetic anhydride. 

Both compounds dissolved readily in acetyl chloride, but, on allowing 
their solutions te evaporate, they were finally both recovered unchanged; 
in the case of the 8-hydrol, it is quite possible that the oily uni- 
molecular silicone had really been formed, but that it absorbed water 
again on exposure to the air. When, however, the hydrols were 
separately heated in test tubes over a free flame until the ebullition 
caused by the escape of water ceased, and the residue then warmed 
with a little acetic anhydride, they were converted, apparently almost 
quantitatively, into crystalline dibenzylsilicone. These experiments 
with acetic anhydride were repeated several times with fairly constant 
results. 

The molecular weight of the crystalline dibenzylsilicone, obtained in 
this way from the 8-hydrol, was determined, and the results showed 
that the compound had the termolecular formula (Bz,SiO),; the 
ebullioscopic method was used, with benzene as solvent : 

0585 in 14:0 benzene gave At-0°18°. Mol. wt. = 620. 


092 , 140 4, 45 4, 030° .  «SQ?. 
096 ,,130 4 wy x 029° — 7 
0°845,, 14.3 4, 4, yy O21 » =13T. 


(Bz,SiO), requires Mol. wt. = 678. 


A part of the expense incurred in this research has been met by a 
grant from the Government Grant Committee of the Royal Society, 
for which the authors express their gratitude. 
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XLIV.—Organic Derivatives of Silicon. Part VI. The 
Optically  Actiwe Sulphobenzylethylpropylsilicyl 
Oxides. 


By Freperic Stanuey Kippine. 


In Part II of these investigations (Trans., 1907, 91, 209), it was stated 
that the d/-sulphonic acid obtained by heating benzylethy]propylsilicol 
with sulphuric acid had been resolved into its optically active com- 
ponents by fractionally crystallising its salt with d- or /-methylhydrind- 
amine. Granting the accuracy of the experimental data there 
recorded, no further proof of the optical activity of the silicon 
compounds in question was required ; to some, however, the author 
may have failed to carry conviction for various reasons. Firstly, 
because the d- and J-acids were only very feebly optically active ; 
secondly, because the rotation was of the same sign as that of the base 
with which the acid had been combined ; and, thirdly, because the salts 
of the active acids with /-menthylamine were practically identical in 
melting point and specific rotation. 

In these circumstances, it seemed desirable to repeat the experi- 
ments on the resolution of the dl-acid with larger quantities of 
material, and to study in more detail the properties of the active 
compounds, The results of this work are described in the present 
communication, and they confirm in every respect the earlier 
observations. They have also shown that the salts formed by 
combining the d- and J-silicon acids with d-bornylamine or with 
cinchonidine resemble one another very closely, just as do their salts 
with /-menthylamine, This resemblance between compounds of the 
type dAdB and JAB is so contrary to general experience, that before 
describing these salts it is advisable, perhaps, to summarise the results 
of those experiments which, having been repeated many times, 
establish the asymmetry of the acids concerned. 

The d-methylhydrindamine salt of the pure dl-sulphonic acid is 
relatively easily separated by fractional crystallisation into two very 
different substances: the dAdB-ralt is obtained in an optically pure 
state, melting at 205—207°; the optically impure 7AdB-salt remains 
asan oil. Alkaline solutions obtained by boiling the dAdB-salt with 
excess of sodium carbonate until the organic base ceases to be evolved 
are always dextrorotatory, the highest observed specific rotation cal- 
culated for the sodium salt being +5:°8°. 

Alkaline solutions prepared from the optically impure /AdB-salt in 
a similar manner are levorotatory ; as methylhydrindamine is volatile 
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and has a strongly alkaline reaction to litmus, its absence from a given 
solution is easily proved. 

The sodium salt of the d-acid can be isolated from the dextrorotatory 
solutions ; it crystallises from methyl alcohol in plates, and is opticall 
active. With excess of d-methylhydrindamine hydrochloride jp 
aqueous solution it gives a precipitate which is practically identical 
with the original dAdB-salt melting at 205° (compare p. 465), but with 
/-methylhydrindamine hydrochloride, under exactly similar conditions, 
it gives a totally different precipitate, namely, the dAIB-salt, a gela- 
tinous substance melting at 150—152°. 

The sodium salt obtained from the oily, optically impure /AdB-salt 
gives with /-methylhydrindamine hydrochloride in aqueous solution 
a precipitate from which a considerable proportion of the /A/B-com. 
pound (m. p. 205°) can be isolated. 

The d/-sulphonic acid may be resolved with /-methylhydrindamine; 
the optically pure /A/B- and impure dA/B-salts thus obtained correspond 
in properties with the dAdB- and /AdB-salts respectively, the observed 
rotations being, of course, of the opposite sign. 

A mixture of the dAdB- and /A/B-salts, and also a mixture of the 
dAlB- and /AdB-salts, has the properties of the substance prepared 
directly from the d/-acid and dl-base (compare Joc. cit., pp. 237—238), 
The acids represented by dA and /A respectively are thus proved to be 
optically active and enantiomorphously related. 

In spite of this relationship and the great difference in outward 
properties of their salts with one of the active methylhydrindamines, 
solutions of the sodium salts of the two active acids yield, with a given 
optically active base, compounds which in many cases are barely 
distinguishable from one another or from the corresponding derivative 
of the dl-acid. 

This resemblance is not restricted to appearance and crystalline 
habit, but extends to melting or decomposing point and even to 
specific rotation, as will be seen from the following summary of some 
of the results of the examination of such compounds. 


Salis of d- and 1-Sulphobenzylethylpropylsilicyl Oaides, 
SO,H‘CH,°0,H,*SiEtPr:O-SiEtPr’CH,°C,H,°SO,H. 


d-Methylhydrindamine Salis : 


d-Acid. 1-Acid. 
M. p. 205—207° M. p. 150—152° 
{a]> +15°6° in methyl alcohol [a]p +15°6° in methyl alcohol 
{a]> +14°4° in chloroform 
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1-Methylhydrindamine Salts : 


d-Acid. l-Acid. 
M. p. 150—152° M. p. 205—207° 
[a], —15°6° in methyl alcohol [a], —15°3° in methyl alcohol 
[a]» —14°8° in chloroform 


1-Menthylamine Salis :* 


d-Acid. dl-Acid. 1-Acid. 
M. p. 228—229° M. p. 225—226° M. p. 226—227° 
M. p. 235—236° M. p. 233—235° M. p. 236—237° 
[a]p -15°6°t [a], —15°5° [a], —15°5° 


* These salts are dimorphous, 
+ This and all the following values for specific rotation were determined in 


methyl-alcoholic solution. 


d-Bornylamine Salts - 


d-Acid. dl-Acid. 1-Acid. 
M. p. 210—211° M. p. 207—208° M. p. 212—213° 
[alo +9°2° [a], +9°8° [a]p +9°6° 


Cinchonidine Salts : 


d-Acid. dl-Acid. 1-Acid. 
M. p. 154—156° M. p. 148—150° M. p. 149—150° 
[a], -—71°5° [a], —73°1° [a], —71°6° 


Cinchonidine Hydrogen Salts : 


d-Acid. dl-Acid. l-Acid. 
M, p. 222—224° M. p. about 220° M, p. 225—227° 


The dissimilarity of the methylhydrindamine salts of the type dAdB 
and dAZB is even more striking than appears from the tabulated data ; 
the pure dAdB- and /Al/B-compounds crystallise readily in radially 
grouped clusters of characteristic appearance and of high density ; 
the dAlB- and 1AdB-salts, on the other hand, can hardly be said to 
crystallise, as they separate from most solvents in the form of a 
bulky jelly. 

The 7-menthylamine salts of the d- and J-acids can hardly be 
distinguished from one another ; this is also true of the d-bornylamine 
salts, whereas the normal cinchonidine and the cinchonidine hydrogen 
salts show small differences in melting point, but are otherwise very 
much alike. 

These observations are instructive and of general interest, because 
they indicate that it might be possible actually to resolve a dl- 
compound by the usual method, and yet to conclude from an 
examination of the outward properties and specific rotations of the 
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several fractions so obtained that resolution had not occurred ; if, for 
example, the /-menthylamine salt of di-sulphobenzylethylpropylsilicy) 
oxide could in fact be separated into its dA/B- and 1A/B-components, 
the greatest difference between extreme fractions which would be 
brought to light by the ordinary methods of examination would be 
about 1° in melting point. 

It is obvious, of course, that the very close resemblance observed 
between some of the salts referred to above would be merely a 
‘necessary consequence if the active acids underwent partial or 
complete racemisation subsequent to their separation from the 
methylhydrindamine used for their isolation. For this reason, the 
possibility of racemisation was considered at an early stage of the 
work. The fact that the ammonium salt of either of the active acids 
afforded such different compounds with d- and /-methylhydrindamine 
hydrochlorides (loc. cit., p. 236) showed conclusively that the acids 
had not racemised to any great extent, and similar observations with 
the sodium salts (see above) confirmed the conclusion that the active 
compounds were relatively stable. 

Nevertheless, in the course of these experiments, it was found that 
during the conversion of the dAdB- or /AlB-methylhydrindamine 
derivative into the sodium salt by heating with excess of sodium 
carbonate during some hours, a change of some kind took place, 
because, on regenerating the methylhydrindamine salt by precipitation, 
the melting point of the crude substance was sometimes considerably 
lower than that of the original pure resolution product. Whether 
this is really due to racemisation or to decomposition has not yet 
been ascertained, as the principal object of these experiments was to 
study the active acids ; with this end in view, the methylhydrindamine 
salts were very cautiously treated with sodium carbonate, the period 
of heating being limited as far as possible; under these conditions, 
little, if any, change in the acids takes place, and it was from such 
preparations of the active sodium salts that the various compounds 
now to be described, including the dA/B- and /AdB-methylhydrind- 
amine derivatives, were obtained. 

During the investigation of these optically active acids, two points 
connected with their constitution have also received attention. 

Further evidence has been published (Marsden and Kipping, this 
vol., p. 198) supporting the author’s previous conclusion that the 
acids are derivatives of benzylethylpropylsilicyl oxide and not of the 
corresponding silicol, and it is shown in this paper that the sulphonic 
groups in the acids occupy the para-positions in the two benzene 
nuclei, This last point is important, as it proves that the optical 
activity of the compounds is not due to the presence of an asymmetric 
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carbon group, which, conceivably, might have been formed by the 
displacement of hydrogen from one of the *CH,° groups contained in 


the oxide. 
EXPERIMENTAL. 


Further experience in the preparation of sulphobenzylethylpropyl- 
silieyl oxide has brought out certain improvements in the methods, 
which may be briefly mentioned. In decomposing benzylethylpropyl- 
silicy] chloride (Trans., 1907, 91, 726), the yield of the corresponding 
silicol seems to be very much increased, and that of the oxide 
diminished, when the chloride is dropped fairly quickly from a tap- 
funnel into an ice-cold saturated solution of sodium carbonate instead 
of into water. ‘The alkaline solution is vigorously shaken during and 
after the addition of the chloride until decomposition is complete, and 
the product is then immediately extracted with ether. The separation 
of the silicol from the oxide by fractional distillation under reduced 
pressure is easily accomplished, and, when the whole series of 
operations is carried out as quickly as possible, the yield of the former 
may amount to about 85 per cent. of the theoretical. Whether this is 
due to the use of sodium carbonate, or to the silicol not having been 
given time to pass into the oxide, has not been ascertained ; according 
to previous observations (Joc. cit.), the silicol may change spontaneously 
into the oxide and water when it is kept at the ordinary temperature, 
and, therefore, it is advisable to sulphonate it without delay. It is 
advantageous to obtain as much silicol as possible at the expense of 
the oxide, because, although the dl-sulphonic acid is actually derived 
from the oxide, it is far more easily isolated from the product of the 
sulphonation of the silicol (compare Marsden and Kipping, Joe. cit.) ; 
this curious fact has not yet been accounted for experimentally, but 
may be attributed to a difference in the nature of the by-products in 
the two cases. 

The process of sulphonation has been modified to some extent ; the 
silicol and sulphuric acid (2 vols.) are vigorously shaken together in a 
flask, and the emulsion, the temperature of which is raised to 40° or 
50° by the spontaneous heat development, is rapidly warmed in a 
metal-bath to 80°, when it is again well shaken. Sulphonation is 
complete within about one minute, and the contents of the flask are 
then immediately cooled and poured into water. The dl-acid may 
then be isolated in the form of its ammonium salt (Joc. cit., p. 225), 
or the solution of the latter may be directly precipitated with 
lmenthylamine hydrochloride, The reduction of the temperature 
from 100° to 80° during sulphonation seems to have a marked effect 
on the nature of the product ; the yield of pure ammonium salt seems 
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to be greater, and the /-menthylamine salt obtained by Precipitating 
the crude product, although not a homogeneous substance, crystallises 
readily from moist ethyl acetate, and furnishes pure /-menthylaming 
sulphobenzylethy!propylsilicyl oxide after several recrystallisations, 

The by-products obtained in the sulphonation of the silicol and the 
oxide still await investigation. 


Resolution of the dl-Acid. 


The whole of the d/-acid used in these resolution experiments was 
prepared from the re /-menthylamine salt, most of which had been 
isolated from the product of the sulphonation of the oxide (Marsden 
and Kipping, Joc. ¢.); some of the /-menthylamine salt, however, was 
prepared from the product of the sulphonation of the silicol. The 
active methylhydrindamines were obtained by resolving the d/-base with 
d-bromocamphorsulphonic acid (Tattersall and}Kipping, Trans., 1903, 
83, 918) or with d-tartaric acid, and in the latter case the active 
bases were obtained optically pure by converting them into their 
d-bromocamphorsulphonates. 

A concentrated neutral solution of the sodium salt of the dl-acid is 
treated with excess of the hydrochloride of the d-base, and the oily 
precivitate is left to solidify; it is then separated by decantation, 
washed with water, and crystallised from aqueous methyl alcohol 
at the ordinary temperature. The first deposit is often like putty, 
consisting of a fine, heavy powder impregnated with oil ; as fractional 
crystallisation proceeds, the crude /AdB-salt in the filtrates becomes 
more oily, the more sparingly soluble dAdB-salt more coarsely 
crystalline, and after a series of operations the salt of the d-acid 
is obtained in a pure state. 

The resolution of the dl-acid with /-methylhydrindamine affords, 
of course, the pure /A/B-salt and oily fractions of crude dA/B-salt. 

The optically impure /AdB- and dAlB-derivatives which are 
obtained in these resolutions are separately decomposed with sodium 
carbonate as described below, and the resulting solutions, which are 
levorotatory and dextrorotatory respectively, are treated with /- and 
with d-methylhydrindamine hydrochloride respectively in order to 
obtain further quantities of the 7A/B- and dAdB-salts. In this way, 
employing the d- and /bases alternately, it is possible to resolve a . 
very large proportion of the dl-acid into its pure dAdB- and /A/B- 
derivatives. During these prolonged operations, however, owing to 
atmospheric oxidation or some decomposition, the solutions often 
become brown, especially when they have been heated for some time, 
and the d- or /-methylhydrindamine salts, prepared from the oily 
dAlB- and /AdB-compounds respectively, cannot be crystallised. 
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Accordingly, the precipitate is roughly dried and dissolved in boiling 
acetone, from which the crude dAdB- or /A/B-salt is then usually 
deposited as a colourless powder, on evaporating over sulphuric acid ; 
this preparation is afterwards fractionally crystallised from slightly 
moist acetone or from aqueous methyl alcohol as before. The crude 
sodium salts obtained by decomposing the /AdB- and dA/B-derivatives 
may also be purified by crystallisation from aqueous methyl alcohol 
before precipitating with the required methylhydrindamine hydro- 


chloride. 


d-Methylhydrindamine 4-Sulphobenzylethylpropylsilicyl Oxide, 
$0,H-C,H,°CH,"SiEtPr-O-SiEtPr-CH,°C,H,°SO,H,2C,,H,,N. 


This compound separates from warm aqueous methyl alcohol in 
small, transparent prisms, but, when crystallisation takes place slowly 
at the ordinary temperature, the salt is deposited in highly character- 
istic, ound masses of radially grouped prisms ; it is anhydrous and 
melts at 205—207°, decomposing to a slight extent. It is very readily 
soluble in the common alcohols, and in moist acetone, and also dissolves 
freely in chloroform, but it is almost, if not quite, insoluble in 
anbydrous acetone, ethyl acetate, or cold water. 

Its specific rotation was determined in methyl-alcoholic solution in 
a 2-dem. tube : 

1062 grams, made up to 25 cc, gave a + 133°; whence 

[a]p+15°6° 

This value agrees with those (+15°6°, 160°) previously obtained 
(loc. cit., p. 235) with much more dilute solutions; the substitution of 
water for some of the methyl alcohol did not appreciably alter the 
specific rotation. 

Its specific rotation in chloroform solution was also determined : 

0904 gram, made up to 25 c.c, in a 2-dem, tube, gave a+1°04°; 

whence [a ]p + 14°4°. 


|-Methylhydrindamine 1-Sulphobenzylethylpropylsilicyl Oxide. 


The ordinary properties of this salt are identical of course with 
those of its optical antipodes. Its specific rotation was determined 
(a) in methyl-alcoholic and (6) in chloroform solutions : 

(a) 0°925 gram, made up to 25 e.c. in a 2-dem. tube, gave a—1°14°; 

whence [a }p — 15°3°. 

(b) 0°888 gram, made up to 25 cc, in a 2-dem. tube, gave a — 1°05°; 

whence [a ]p — 14°8°. 
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Sodium Salts of the Active Acids. 


The preparation of the sodium salts from the pure methylhydrind. 
amine derivatives of the optically active acids, theoretically the simplest 
operation, is, in fact, rather troublesome. The organic base cannot be 
expelled by boiling with sodium hydroxide, as the acid is thereby 
decomposed (p. 472); even sodium carbonate, if used in excess, brings 
about some decomposition or racemisation, and has also the di» 
advantage that it gives the less readily volatile carbonate instead of 
free methylhydrindamine. 

In the earlier experiments, the methylhydrindamine salts were 
separately treated with excess of sodium carbonate, and the carbonate 
of the organic base volatilised in steam ; as it was essential that every 
trace of the methylhydrindamine should be expelled before observing the 
rotation of the acid, and as the alkaline solutions frothed very much, 
the distillation in steam was necessarily prolonged ; as, further, the 
solutions were afterwards concentrated by evaporating on the water. 
bath, the active acids were exposed for a long time to the combined 
action of the organic and inorganic bases. Under these conditions, 
solutions were obtained which gave the rough values [a], +3:3° and 
+ 4:2° for the sodium salt of the d-acid, and [a] — 4°5° for that of the 
l-acid. 

Although such solutions were invariably tested before the optical 
examination and found to be free from methylhydrindamine, it seemed 
desirable to isolate the sodium salts of the active acids in order to 
afford indisputable evidence that the observed rotations were due to 
the silicon compounds alone. 

For this purpose, and with the object of avoiding prolonged heating, 
the pure dAdB- and /A/B-salts were separately treated with an aqueous 
solution containing a slight excess of sodium carbonate, and the 
methylhydrindamine carbonate extracted by repeatedly shaking with 
ether ; the aqueous solutions were then evaporated almost to dryness, 
neutralised with acetic acid, and mixed with excess of methyl alcohol. 
The precipitated sodium salts were separated by filtration, washed 
well with methyl alcohol, dissolved in a very little water, reprecipitated 
with methyl alcohol, and dried in the air. 

The sodium salts thus obtained crystallise in lustrous plates or 
prisms, and are extremely soluble in cold water, but only sparingly so 
in cold methyl alcohol ; when dried in the air, they contain water of 
crystallisation, as shown by the following analysis of the salt of the 
d-acid : 

1-457 lost 0°084 at 100°. H,O=5°76. 

C,,H,,0,S,Na,Si,,2H,O requires H,O = 5°63 per cent. 
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The specific rotations of the anhydrous salts were determined in 
aqueous solution : 

galt of d-acid: 1°37 grams, made up to 20 c.c. in a 2-dem. tube, 
gave a+0°72° ; whence [a]p+5°2°. 

Salts of -acid: 05 gram, made.up to 25 c.c, in a 2-dem. tube, 

avea-0°17°; whence [a ]p — 4°2°. 

Although these values did not agree very well (the experimental 
error in the latter case may have been considerable), the determina- 
tions were not repeated, as there was no object in isolating the sodium 
salts, except to prove that they were optically active. 

Higher and more concordant values for the specific rotations of 
these salts were obtained in the following manner, A weighed 
quantity (2—3 grams) of the pure d4dB- or LAIB-salt is dissolved in 
ethyl alcohol, treated with a slight (about 5 per cent.) excess of 
aystallised sodium carbonate, and the methylhydrindamine volatilised 
ina rapid current of steam, the distillation flask being directly heated 
over a free flame ; the troublesome frothing of the solution is thus 
almost entirely prevented, and the whole of the organic base may be 
expelled in about fifteen minutes ; the boiling solution is then trans- 
ferred to an evaporating basin, concentrated to about 10 c.c., neutralised 
with acetic acid, and cooled ; after filtering from traces of a flocculent 
substance, the filtrate and washings are made up to 20 cc. In 

a 2-dem. tube : 

2°85 grams dAdB (=2°01 grams of sodium salt) gave a+1:18°; 

whence [a ]p)+5°8°. 

2:90 grams JA/B (=2°05 grams of sodium salt) gave a—1:20; 

whence [a], —5°9°. 

These specific rotations are calculated for the sodium salts, and are 
the highest and, doubtless, the most trustworthy values which have 
been obtained. 


Partial Racemisation or Decomposition of the Active Acids. 


Under the conditions just described, the alkaline solutions of the 
sodium salts of the active acids are only heated during about forty-five 
minutes at the very most, and little, if any, change occurs in the 
acids themselves ; this is proved by the fact that, when the dAdB- or 
IAlB-salt is prepared again from the solution of the sodium salt by 
adding the required hydrochloride of d- or /-methylhydrindamine, the 
product, after having been merely washed with water and dried, melts 
at practically the same temperature as the original compound. When, 
on the other hand, in decomposing the methylhydrindamine salt, the 
active acid has been heated in alkaline solution during a much longer 
period, the crude, regenerated methylhydrindamine salt may begin to 
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sinter at about 185° and melt at about 190°, an indication that parti 
racemisation has occurred. 

This evidence is corroborated by the values obtained, in the earlier 
determinations, for the specific rotations of the sodium salts prepared 
without the above precautions having been taken. When such solutions 
of the sodium salts are fractionally precipitated with methyl alcohol, 
the sparingly soluble fractions seem to consist of the optically pure 
salt, the d/-compound remaining for the most part in the mother 
liquors. 

Although, therefore, there is some evidence that racemisation occurs 
when the acid is heated for some time in presence of methylhydrind- 
amine and sodium carbonate, the matter has not been very carefully 
studied, and the observed changes may possibly be due to decomposi- 
tion ; the principal object in view was to obtain the sodium salts of 
the optically pure active acids, and this seems to have been attained in 
the manner described above. 


al 


Metallic Salis of the Active Acids. 


The barium salts of the active acids, like that of the dl-compound, 
are well-crystallised substances, practically insoluble in water, but 
readily soluble in hot aqueous alcohol. 

The calcium salt is precipitated as an oil on adding calcium chloride 
to an aqueous solution of the sodium salt ; it is soluble in hot water 
and in cold aqueous methy] alcohol. 

The /ead salt is readily soluble in boiling water, and separates on 
cooling in highly lustrous plates. 


1-Methylhydrindamine d-Sulphobenzylethylpropylsilicyl Oxide. 


On adding excess of /-methylhydrindamine to the sodium salt of the 
d-acid in aqueous solution, there results an oily precipitate which 
shows no tendency to crystallise, but which gradually changes to a 
rather pasty or gelatinous solid when it is stirred. This salt is 
practically insoluble in water in presence of sodium chloride and 
l-methylhydrindamine hydrochloride, but, when it has been washed by 
decantation, it dissolves to a considerable extent; the cold aqueous 
solution first becomes turbid and then clear again when it is warmed, 
and it is also changed to a milky fluid on the addition of a little methyl 
alcohol or sodium chloride. The salt is very readily soluble in methyl 
alcohol, from which it is precipitated as an oil on adding water, but 
from dilute solutions in highly aqueous methyl alcohol it separates in 
flocculent masses which seem to consist of threads of gelatinous spheres. 
It dissolves freely in hot acetone in presence of traces of water, and, on 
cooling, the solution sets to a stiff jelly, which changes to a friable 
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lid when kept over sulphuric acid until all the solvent has evaporated ; 
it shows @ similar behaviour towards moist ethyl acetate, and is also 
recipitated from this solvent as a jelly on the addition of light petro- 
jum. Solutions in highly aqueous acetone, when evaporated at the 
ordinary temperature, set to an opalescent mass, in which after some 
time white patches appear and gradually spread, just as if a mould 
vere growing in a nutritious medium. 

The friable solid obtained with the aid of acetone sinters a little at 
about 148°, and is completely melted at about 152°, but, as no satis- 
factory method of purifying the salt was discovered, it is possible that 
its melting point may be a little higher. 

For the determination of its specific rotation, the solid, from acetone, 
was dried at 100° and examined in methyl-alcoholic solution : 

0'754 gram, made up to 20c.c. in a 2-dem. tube, gave a—1:18°; 

whence [a]p) — 156°. 

Attention has already been drawn to the great contrast between 
this salt and the 7A/B-derivative in outward properties, and yet the 
two compounds have the same specific rotation in methyl-alcoholic 
solution ; this is also true in the case of other pairs of salts of the type 
dAlB and /AIB, the rotation being apparently unaffected by the 
molecule of the acid. 


d-Methylhydrindamine 1-Sulphobenzylethylpropylsilicyl Oxide. 


This salt, prepared by precipitating a solution of the sodium salt of 
the l-acid with d-methylhydrindamine hydrochloride, is, of course, 
identical with its optical antipodes in ordinary properties ; its specific 
rotation in methyl-alcoholic solution ({a], +15°6°) has been given 
before (loc, cit., p. 235), and, although the specimen there used was 
probably not quite free from dAdB-salt, it seemed unnecessary to repeat 
the determination, as the optical impurity has practically the same 
rotation. 

When the 7AdB- and dAlB-methylhydrindamine salts are mixed 
together in aqueous alcohol and the solution is allowed to crystallise 
at the ordinary temperature, it deposits a fine, white powder, totally 
different in outward properties from the gelatinous 7AdB- and dAlB- 
salts; this powder, when dried in the air, melts indefinitely at tempera- 
tures varying from about 175° to 185°, that is to say, its behaviour is 
the same as that of the salt prepared by mixing or crystallising 
together the dAdB- and /AlB-methylhydrindamine salts. The behaviour 
of a mixture of the dAdB- and /A/B-compounds has also been examined 
again, and the results fully confirmed previous observations (Joc. cit., 
p. 237). 


. 
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aqueous solution ; it crystallises well from aqueous methyl alcohol oy 
from moist ethyl acetate, and melts at 228—229° (see below): 
0°6493 of air-dried salt lost 0°0490 at 100°. H,O=75., 
C,,H,,0,N,S,Si,,4H,O requires H,O=7°5 per cent. 
; The specific rotation of the anhydrous salt was determined in methyl. 
alcoholic solution : 


0°6 gram, made up to 20 c.c. in a 2-dem. tube, gave a — 0°93°; wheneg 
[a]p — 15°6°. 


1-Menthylamine |-Sulphobenzylethylpropylsilicyl Oxide. 


This salt is prepared from a solution of the sodium derivative of the 
“acid ina similar manner ; it crystallises well from aquecus methyl 
alcohol or moist ethyl acetate, and melts at 226—227° (see below): 


0°6807 of air-dried salt lost 0°0525 at 100°. H,O=7°7. 


The specific {rotation of the anhydrous salt was determined in 
methyl-alcoholic solution : 

0°628 gram, made up to 20 c.c. ina 2-dem. tube, gave a-0:97°; 

whence [a], — 15°5°. 

The /-menthylamine salts of the /- and d-acids resemble one another 
very closely, and are also almost indistinguishable from the salt of the 
dl-acid, which crystallises with 4 molecules of water and has a specific 
rotation [a],-15°5° in methyl-alcoholic solution (loc. cit., p. 229). 
The three compounds were separately crystallised from aqueous methyl 
alcohol and from moist ethyl acetate under similar conditions and 
compared directly, but the only slight difference which could be 
observed was that the salt of the /-acid seemed to form rather smaller 
crystals than the other two. The melting points of the three salts 
were also compared directly ; employing samples crystallised from 
aqueous methyl alcohol and dried at 100°, and heating in the ordinary 
way, that of the di-acid* always melted first at 225—226°, followed 
by that of the /-acid at 226—227°, that of the d-acid melting last at 
228—229°. These values are rather relative than absolute, as, 
probably owing to slight decomposition, the melting points are not very 
sharp. When samples of the salts obtained from moist ethyl acetate and 
dried in the air are heated in a similar manner, they show the behaviour 


* The salt of the dl-acid was prepared by precipitation from a carefully purified 
specimen of the ammonium salt, and was only recrystallised once, so that it doubt- 
less contained equal quantities of the dA/A- and 1A/B-compounds. 


jo 

1-Menthylamine d-Sulphobenzylethylpropylsilicyl Owide, at 

This compound is obtained as a crystalline precipitate on adding “ 

1 Lmenthylamine hydrochloride to the sodium salt of the d-acid jy : 
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‘yet recorded ; when, however, such samples are first suddenly heated at 
about 160°, they immediately melt more or less in their water of 
arystallisation, and then solidify again ; if the temperature is then 
raised gradually, the salt of the dl-acid melts at 253—235°, followed 
by that of the d-acid at 235—-236°, that of the /-acid melting last at 
936-—237°. This alteration of the melting point according to the rate 
of heating is no doubt due to dimorphism of the anhydrous salts; it 
is not always observed, and sometimes melting extends over several 
degrees, as if the one crystalline form were changing into the other, 
so that the sequence given above for the modifications of higher melt- 
ing point is not invariable. These observations, however, seem to show 
conclusively that there is a difference, although a small one, between 
the salts of the d- and J-acids which is not due to the presence of optical 
impurity, as one crystalline form of the salt of the d-acid melts higher, 
the other lower, than that of the corresponding form of the salt of the 
l-acid. That the raising of the melting points when the salts are suddenly 
heated is not merely due to a difference in the extent of their decom- 
position is easily shown ; if one of two tubes containing, say, the salt of 


) the dl-acid is plunged for a moment into a bath at 160°, and then both 
k are slowly and simultaneously heated from the ordinary temperature, the 
d in sample, which has not been previously heated, melts at 225—226°, the 
other at 233—235°. 
‘97°; This variable and not very definite melting point of the salt of the 
di-acid has been repeatedly observed, and was thought to be due to 
ther decomposition or to the fact that the salt was a mixture of components, 
‘the the relative proportions of which might be altered to some extent by 
cific repeated crystallisation (Marsden and Kipping, Joc. cit.) ; for this 
29), reason, the average value of the melting point (about 230°) was 
hy! previously given. The melting point (about 230°) previously assigned 
and to the l-menthylamine salt of the optically impure J-acid (loc. cit., 
be p. 235) is probably that of a mixture of the two /A/B-salts, melting at 
ler 226—-227° and 236—237° respectively. 
lts 
2 Further Attempts to Resolve the \-Menthylamine Salt. 
ed It is conceivable that the 7A/B- and dA/B-menthylamine salts might 
at differ sufficiently in solubility to allow of theirseparation, and yet, owing 
8, to the similarity of the different fractions in outward and in optical 
y properties, the fact that the di-acid had been resolved might easily 
d remain undiscovered. In the hope of being able to substitute 
rr l-menthylamine for the far less accessible active methylhydrindamines, 
d some further experiments were made with this base ; a sample of the 


salt of the dl-acid was crystallised several times from warm moist ethyl 
acetate, and then two or three times from hot anhydrous ethyl acetate 


470 KIPPING: ORGANIC DERIVATIVES OF SILICON. PART yj, 


containing a little methy! alcohol, until only a very small proportion 
of the original sample remained. This was converted into sodium salt, 
and the solution precipitated with d-methylhydrindamine hydro. 
chloride ; the crude air-dried product melted from 175—180°, and 
therefore consisted of a mixture of the dAdB- and /AdB-salts, 


d-Bornylamine d-Sulphobenzylethylpropylsilicyl Oxide. 


This salt is precipitated from a solution of the sodium salt of the 
d-acid as an oil, which soon solidifies and crystallises well from aqueous 
methyl alcohol ; the air-dried compound is anhydrous, and melts at 
210—211°; its specific rotation was determined in methyl-alcoholic 
solution : 


0°705 gram, made up to 20 c.c. in a 2-dem. tube, gave a+0°65°; 
whence [a], + 9°2°. 


d-Bornylamine |-Sulphobenzylethylpropylsilicyl Owide. 


This substance was prepared in a similar manner from the sodium 
salt of the acid ; the air-dried crystals are anhydrous, and melt at 
212—213°. The specific rotation was determined in methyl-alcoholic 
solution : 

0°614 gram, made up to 20 cc, in a 2-dem. tube, gave a+ 059°; 

whence [a]p + 9°6°. 

The d-bornylamine salts of the d-, /-, and dl-acids are very similar, 
and even when compared directly are almost indistinguishable ; they 
all separate from aqueous methyl alcohol in lustrous prisms, but, when 
deposited under similar conditions, the salt of the /-acid seems always 
to give the smallest and least well-defined crystals. When heated side 
by side, the salt of the d/-acid melts first at 207—208°, then that of the 
d-acid at 210—211°, and finally that of the acid at 212—213°; the 
salts decompose a little, and their melting points seem to depend to 
some extent on the rate of heating, but recrystallisation failed to raise 
the melting point of the salt of the /-acid as high as that of the salt of 
the d-acid. The salt of the di-acid used in these comparisons was 
prepared from pure ammonium d/-sulphobenzylethylpropylsilicyl oxide, 
and only crystallised once ; the slightly higher melting point (208— 
210°) previously given for this compound may be the result of a 
difference in the rate of heating. 


Cinchonidine Salts of the d- and 1-Acids. 


These compounds were prepared by precipitating solutions of the 
sodium salts of the active acids with cinchonidine hydrochloride, 
C,,H,,ON,,HCI,2H,O (Merck); the oily precipitates were washed 
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well with water, dried, and dissolved in anhydrous acetone containing 
a trace of methyl alcohol; the compounds separated as crystalline 

wders, consisting of small prisms, when these solutions were 
evaporated over sulphuric acid. 

The specific rotations were determined in methyl-alcoholic solution 
with samples dried at 100°. 

Salt of d-acid: 0°503 gram, made up to 20 c.c. in a 2-dem. tube, 
gave a— 3°60° ; whence [a] —71°5°. 

Salt of /-acid : 0°528 gram, made up to 20 c.c. in a 2-dem. tube, gave 
a-3°78° ; whence [a ]p — 71°6°. 

These values are practically the same as that ({a]) —73°1°) obtained 
for the salt of the dd-acid in more dilute solutions. 
The melting points of the salts were compared directly ; that of the 


65"; lacid melted at 149—150°, that of the d-acid at 154—156°, whereas 
that of the d/-acid melts at 148—150° (loc. cit., p. 232). The deriva- 
tive of the /-acid was recrystallised from ethyl acetate containing 
methyl alcohol, but its melting point underwent no change, so that 

dium the cinchonidine salts of the active acids show a more considerable 

It at difference than either the /-menthylamine or the d-bornylamine 

holie derivatives ; their melting points, however, are not very easily deter- 


mined, as the melting substances give an opaque froth, apparently 
owing to the inclusion of air. The behaviour of the salts towards 
solvents is similar to that of the derivative of the dl-acid, and it may 
be noted that they are all practically insoluble in ethyl acetate in 
complete absence of moisture. 


hey 

en 

‘ys Cinchonidine Hydrogen Salts of the d- and \-Acids. 

ns The normal salts of the active acids were separately converted into 
™ the hydrogen salts as described in the case of the derivative of the 
to di-acid (p. 233), and the washed precipitates were dried. The brittle, 
. resinous masses so obtained were then dissolved in anhydrous 
if acetone containing methyl alcohol, and the solutions evaporated over 


sulphuric acid. The salts were then deposited as colourless, micro- 
crystalline powders. Their melting, or decomposing, points were com- 
pared directly, and, although they varied very considerably with the 
rate of heating, the salt of the d-acid always decomposed about 3° 
lower than that of the -acid, and its melting point did not alter on 
recrystallising. 

When heated in the ordinary way, the salt of the d-acid darkened 
at about 222°, and decomposed completely at about 224°; that of the 
lacid darkened at about 225°, and decomposed completely at about 
227°. When heated much more rapidly, the respective temperatures 
were about 3° higher in all cases. A coarse mixture of the two salts 
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decomposed just before the derivative of the d-acid ; the decomposition 
point of the salt of the dl-acid was previously given as 220° (oe, cit.) 


Decomposition of dl-Sulphobenzylethylpropylsilicyl Oxide. 


When, in isolating the d/-acid from the sulphonation of the oxide oy 
of the silicol, the crude product is evaporated with excess of ammonia 
(loc. cit., p. 225), the solution remains clear, and no sign of decom. 
position has ever been observed ; even when solutions of the sodium 
salt of the acid are boiled with sodium carbonate during some time, 
only traces of a flocculent precipitate are formed. When, however, 
the acid is heated at 100° with excess of concentrated sodium hydroxide 
solution, it is slowly but completely decomposed, and the solution 
becomes turbid, owing to the separation of a viscous, insoluble silicon 
compound, which has not yet been examined. The alkaline solution, 
separated from the silicon compound by filtration, neutralised with 
acetic acid, and concentrated if necessary, gives with /-menthylamine 
hydrochloride an oily precipitate which soon solidifies, and which 
crystallises well from aqueous methyl! alcohol in long, slender needles, 

The air-dried salt (0°4285 gram lost 0°0428 gram at 100°) contained 
10-0 per cent. of water of crystallisation, and the equivalent of the 
anhydrous compound, determined by titration, agreed with that 
required for the menthylamine salt of toluenesulphonie acid. 

As it seemed highly probable that the soluble decomposition 
product of sulphobenzylethylpropylsilicyl oxide would be p-toluene- 
sulphonic acid, some of the hydrocarbon was sulphonated with 
sulphuric acid and the resulting sulphonic acids converted into their 
l-menthylamine salts, but the fractional crystallisation of this 
preparation from aqueous methyl alcohol failed to separate the o- and 
p-isomerides. A sample of p-toluenesulphonic acid, obtained from 
Kahlbaum, was converted into its /-menthylamine salt, and the 
preparation dried in the air : 

0°3181 lost 0°0321 at 100°, H,O=10°1. 

C,,H,,0,NS,2H,0 requires H,O=9°9 per cent. 

This specimen of /-menthylamine p-toluenesulphonate was indis- 
tinguishable in outward properties from that obtained from the 
product of the decomposition of sulphobenzylethylpropylsilicyl oxide ; 
when heated side by side, the two preparations melted simultaneously 
at 201—202° (the former sintering a little at about 199°); a mixture 
of the two also melted at this temperature, and gave a homogeneous 
deposit when crystallised from aqueous methyl alcohol, 
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Further Experiments on the Resolution of al-Sulphobenzylethylpropyl- 
silicyl Oxide. 


In the course of some of the earlier experiments on the resolution 
of the dl-acid, a solution of its sodium salt was precipitated with the 
hydrochloride of /-csomenthylamine (Tutin and Kipping, Trans., 1904, 
85,65), and the product, which solidified in the course of a few 
days, was submitted to fractional crystallisation. From its solution 
in aqueous methyl alcohol or acetone, it was deposited as an oil, even 
at 0°, but it ultimately solidified again when nearly all the organic 
solvent had evaporated. A solution of the roughly-dried salt in 
anhydrous acetone, however, deposited a fine powder when evaporated 
over sulphuric acid, and the original preparation was in this way 
separated into four fractions. The first and last of these had 
practically the same melting point (160—162°) and the same specific 
rotation in 90 per cent. alcoholic solution : 


I. 05466 gram, made up to 25 c.c. in a 2-dem. tube, gave a + 0°23° ; 

whence [a ]p +5°3° 

IV. 0:4915 gram, made up to 25 .c. in a 2-dem. tube, gave a + 0°23° ; 

whence [ a]p + 5°8°. 

These results seemed to show that the d/-acid had not been resolved, 
and this conclusion was subsequently confirmed by examining the salts 
obtained by combining the acid from the first fraction with d- and with 
|-methylhydrindamine. 

lisoMenthylamine di/-sulphobenzylethylpropylsilicyl oxide does not 
crystallise well ; it is practically insoluble in acetone in absence of 


moisture. 
It may be mentioned, in conclusion, that the active hydrindamines 
cannot be successfully used in place of the methylhydrindamines for 


the resolution of the d/-acid, as their salts do not crystallise. 


The author gratefully acknowledges the financial assistance, for 
which he is indebted to the Government Grant Committee of the 


Royal Society. 
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XLV.—The Metallic Picrates. 
By OswaLp SILBERRAD, Ph.D., and Henry ABLEerT PHItuips, 


THE present investigation was rendered necessary by the numero; 
discrepancies between the statements of previous workers as t 
the composition and properties of the metallic picrates, [y 
many instances the older data have had to be corrected.* 

The metallic salts were, in general, prepared by bringing together 
picric acid and the carbonate of the metal in question, and evaporating 
the solution until the crystals appeared on cooling. The chief diff. 
culty encountered is due to the rapidity with which the crystals 
alter in the air. 


Lithium Picrate. 


Beamer and Clark obtained the anhydrous salt from alcoholic 
solution. No hydrated salts appear to have been prepared. 
Tetrahydrate, C,H,(NO,),*OLi,4H,O.—This is obtained by mixing 


* In order to avoid repetition, the references used throughout the present paper 
are collected together in the following lists, and the authors are referred to only by 
name in dealing with their work on the various salts : 

Welter, Ann. Chim. Phys., 1795, [i], 29, 301; Scher. Jour., 1800, 8, 715; 
Chevreul, Ann. Chim. Phys., 1809, [i], 72, 118; Hatchett, GehZ. Ann., 1803, 1, 
369; Fourcroy and Vauquelin, Gehl. Ann., 1804, 2, 231; Liebig, Schweig. Jour., 
1827, 49, 373 ; Pogg. Ann. 1828, 18, 191; Ann. Chim. Phys., 1827, [ii], 35, 72; 
1828, 37, 286; Miller, Pogg. Ann., 1835, 36, 478; Rose, Pogg. Ann., 1840, 49, 
186; Dumas, Ann. Chim. Phys., 1836, [ii], 63, 265; 1841, 2, 204; J. pr. Chem., 
1841, 24, 218 ; Annalen, 1841, 39, 353; Marchand, J. pr. Chem., 1841, 28, 363; 
1844, $2, 35; Annalen, 1848, 48, 336 ; 1844, 52, 345; Schunck, Annalen, 1841, 
39, 7; Laurent, Ann. Chim. Phys., 1841, [iii], 3, 221; J. pr. Chem., 1842, 25, 
427 ; Rev. Scient., 9, 26}; Annalen, 1842, 48, 219; Kopp, Ann. Chim. Phys., 
1845, [iii], 18, 233; Rieckher, Arch. Pharm., 1845, [ii], 44, 158; Stenhouse, 
Annalen, 1846, 57, 88; J. pr. Chem., 1846, 39, 221; Journ. Chem. Soc., 1868, 21, 
150; Cahours, Ann. Chim. Phys., 1849, [iii], 25, 26; J. pr. Chem., 1849, 46, 337; 
Schabus, Jahresber., 1850, 392 ; Moretti, compare Gmelin’s Handbuch de Chemie, 1852, 
Bd. v, 685; Carey Lea, Sil/iman’s Journ., 1858, 26, 379; 1860, 30, 402; 1861, 
31, 78 ; Chem. Gaz., 1859, 1; Rep. Chim. pwre., 1859, 1, 227; von Rath, Pogg. 
Ann., 1860, 110, 114; Kuhlmann, Annalen, 1863, 126, 78; Bull. Soc. chim., 
1864, [ii], 1, 330 ; Jahresber., 1864, 254 ; Bottger, Jahresber. Phys. Vereins. Frank- 
Surt, 1865, 66, 56 ; Jahresber., 1866, 860 ; Miiller, Zeitsch. fiir Chem., 1865, 189; 
Pogg. Ann., 1865, 124, 103; Miiller and Stenhouse, Jahresber., 1866, 580; Quart. 
Journ. Chem. Soc., 1866, 4, 235 ; Frisch, J. wr. Chem., 1867, 100, 229 ; Jahresber., 
1867, 622; Lossen, Annalen, 1868, Suppl., 6, 233; Post and Mehrtens, Ber., 1875, 
8, 1552 ; Beamer and Clarke, Ber., 1879, 12, 1068 ; Reychler, Ber., 1884, 17, 2264; 
Tschelzoff, Ann. Chim. Phys., 1886, [vi], 8, 233; v. Rothenberg, Ber., 1894, 27, 
690; Varet, Ann. Chim. Phys., 1896, [vii], 8, 130; Hantzsch and Auld, Ber., 
1906, $9, 1105 ; Cook, J. Amer. Chem. Soc., 1906, 28, 618, 
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equivalent quantities of lithium carbonate and picric acid and 
allowing the aqueous solution to evaporate slowly at the ordinary 
temperature. It crystallises in yellow, prismatic needles, which 
gradually pass into the monohydrate with separation of water even 
when kept in atmosphere saturated with moisture : 

Found, N = 13°77. 

C,H,0,N,Li,4H,O requires N = 13-71 per cent. 

The monohydrate, C,H,(NO,),-OLi,H,O, is obtained when the 
tetrahydrate is allowed to stand (preparation [) or, more rapidly 
when heated to 80° (preparation IT). It is also formed when a 
hot concentrated solution of the salt in water is allowed to cool 
rapidly (preparation III), and when the anhydrous salt is exposed 
to air under ordinary conditions (preparation IV) or in an atmosphere 
75 per cent. saturated with moisture at 25° (preparation V) : 

Found, N=(I) 16-90; (II) 16°55; (IIT) 16°46. H,O=(I) 6°84; 
(II) 6°85. 

C,H,0,N,Li,H,O requires N= 16°64; H,O=7'12 per cent. 

Loss of weight on exposing tetrahydrate to a temperature of 80° : 

Found, (a) 17°91 ; (6) 18°07. 

C,H,0,N,Li,4H,O requires (for a loss of 3H,O) 17°60 per cent. 

Increase in weight on exposing anhydrous salt to air : 

Found, (IV) 7:52 ; (V) 7°57. 

C,H,O,N,Li requires for 1H,O an increase of 7°66 per cent. 

The monohydrate is obtained in dark orange-yellow, rhombic 
crystals by rapidly cooling a saturated solution, or by allowing the 
tetrahydrate to stand. When prepared by the other methods, it is a 


dark yellow powder. 
The anhydrous salt, C,H,(NO,),*OLi, is obtained by exposing either 
of the foregoing salts to a temperature of 150°: 
Found, N = 16°46. 
C;H,0,N,Li requires N = 16°64 per cent. 
The salt is a pale yellow powder which rapidly re-absorbs one 
molecule of water. It explodes with moderate violence at 318—323°.* 


Sodium Picrate. 


Previous workers—Liebig, Marchand, Schunck, Rieckher, Cahours. 
This salt has generally been thought to be anhydrous ; the present 


* The ignition points of these salts were determined by dropping a small quantity 
of the anhydrous compound into a tube heated in a metallic bath ; the ignition point 
given is the temperature at which ignition occurs within two seconds of the time of 
introducing the salt into the tube. 
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work has shown, however, that it crystallises with one molecule of 
water. 


The monohydrate, C,H,(NO,),*ONa,H,O, crystallises from a ho} 
aqueous solution in small, yellow needles (preparation I), 

It is also produced as a yellow powder when the anhydrous salt jg 
exposed to an atmosphere saturated with moisture to the extent of 
75 per cent. at 25° (preparation IT) : 

Found, N=(I) 15°76; (Ia) 15°50; (16) 15°52. H,O=(I) 610, 
(Ia) 6°62 ; (1d) 6°51. 

C,H,0,N,Na,H,O requires N= 15°65 ; H,O=6°69 per cent, 

Increase of weight on exposing anhydrous salt to a moist atmosphere 
(preparation II) =7:38 : 

C,H,O,N,Na requires for 1H,O an increase of 7:17 per cent. 

The anhydrous salt, C,H,(NO,),*ONa, is obtained by exposing the 
monohydrate to a temperature of 150°: 

Found, N = 16°80. 

C,H,O,N,Na requires N = 16°77 per cent. 
The salt is a pale yellow powder, which explodes feebly at 310—315°, 


Potassium Picrate, C,H,(NO,),°OK. 


Previous workers—Welter, Chevreul, Fourcroy and Vauquelin, 
Liebig, Miiller, Dumas, Marchand, Schunck, Laurent, Kopp, 
Rieckher, Stenhouse, Cahours, Schabus, Frisch, Post and Mehrtens, 

The analytical data given by these authors agree, in general, in 
showing the salt to be anhydrous. This is confirmed by the present 
work : 


Found, N = 15°47. 
C,H,.O,N,K requires N = 15°76 per cent. 
The salt crystallises from an aqueous solution in yellow, iridescent, 
prismatic needles. It explodes with moderate violence at 311—316°. 


Rubidium Pierate, C,H,(NO,),*ORb. 


This salt has apparently not previously been prepared. It crystal- 
lises from water in anhydrous yellow needles : 
Found, N = 13°67. 
C,;H,O,N,Rb requires N = 13°43 per cent. 
It explodes with moderate violence at 300—315°. 


Cesium Picrate, C,H,(NO,),°OCs. 


This salt also has apparently not been previously prepared. It 
crystallises from water in anhydrous, yellow needles : 
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Found, N = 11°89. 
C,H,O,N,Cs requires N = 11°67 per cent. 


& hot It explodes with moderate violence at 272—277°. 
salt is 
ent of Ammonium Picrate, C5H,(NO,).°ON H,,. 
Previous workers—Chevreul, Hatchett, Liebig, Rose, Dumas, 
610; Marchand, Schunck, Laurent, Kopp, Cahours, Reychler. 
All these authors agree as to the absence of water of crystallisation. 
Liebig and Cahours both recognise the existence of a yellow and red 
phere variety of the salt. These observations have been confirmed in the 
present work, The salts were obtained by the action of ammonia or 
ammonium carbonate on picric acid, the latter method being more 
; the liable to give rise to the red variety : 


Found, N =(red variety) 22°71 ; (yellow variety) 22°70. * 
C,H,0,N, requires N = 22°81 per cent. 


On heating, both modifications volatilise without detonation. 


15°, 
Hydrazine Monopicrate, C,H,(NO,),°OH,N,H,. 


Previous worker—Rothenberg. 
This author’s analysis agrees with the above formula, which has 


’ 
- been confirmed in the present work : 
in Found, N = 26°70; 26°80. 
nt C,H,O,N, requires N = 26°87 per cent. 
The salt crystallises in orange needles, which, on heating, volatilise 
without explosion. 
t, 


Silver Picrate, C,H,(NO,),"OAg. 

Previous workers—Chevreul, Liebig, Dumas, Marchand, Schunck, 
Laurent, Rieckher, Stenhouse, Cahours, Carey Lea, Miiller and 
Stenhouse, Post, and Mehrtens. 

The analytical data given points in most cases to the absence of 
water of crystallisation ; in other cases, however (Marchand, Laurent, 
Post and Mehrtens), the presence of one molecule of water is indicated. 

For the present work, silver picrate was obtained by dissolving silver 
oxide in a hot saturated solution of picric acid. The salt separated on 
cooling in yellow needles, which contained no water of crystallisation : 


Found, N = 12°45. 
C,H,O,N,Ag requires N = 12°53 per cent. 
The compound exploded feebly at 336—341°. 
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Cupric Picrate. 


Previous workers—Liebig, Marchand, Miiller, Tschelzoff, Carey 
Lea. 

Marchand obtained a mixture of the normal salt with a basic salt, 
and removed the latter by extraction with alcohol. - His analysis of 
the normal salt corresponded with a pentahydrate which lost four 
molecules of water at 110°. Miiller obtained analytical data which 
corresponded approximately with [C,H,(NO,),*O],Cu,104$H,0. 

Tschelzoff described an octahydrate. The present work has not 
confirmed any of the data. 

Undecahydrate, [C,H,(NO,),°O},Cu, 11 H,O.—This salt is deposited, on 
cooling, from a hot concentrated solution in large, green prisms: 

Found, N=11°85. H,O=27°84 ; 27°76. 

C,,H,Q,,N,Cu,11H,O requires N=11:73 ; H,O = 27°60 per cent. 

The tetrahydrate, |C,H,(NO,),°O],Cu,4H,0, is obtained as a greenish- 
yellow powder when the anhydrous salt is exposed to an atmosphere 
saturated with moisture to the extent of 75 per cent. at 25°. 

The anhydrous salt absorbed H,O = 13°55: 

C,,H,0,,N,Cu requires increase of 4H,O = 13°86 per cent. 

The anhydrous salt, [C,;H,(NO,),*O],Cu, is obtained by heating either 
of the foregoing salts to a temperature of 80°: 

Found, N = 15-95. 

C,,H,0,,N,Cu requires N = 16°20 per cent. 

The salt is a greenish-yellow powder, which absorbs water from the 

atmosphere. It explodes violently at 282—287°. 


Magnesium Picrate. 


Previous workers—Liebig, Marchand, Tschelzoff. 

Marchand’s data led him to regard the salt as a pentahydrate, whilst 
Tschelzoff considered it an octahydrate. 

The present work does not confirm these data. 

Nonahydrate, [C,H,(NO,),°O0],Mg,9H,0.—This salt crystallises from 
a hot concentrated solution in silky, yellow needles : 

Found, N = 13°32 ; 13°39. 

C,,H,O,,Mg,9H,O requires N = 13:11 per cent. 

Hexahydrate, [C,H,(NO,),°O],Mg,6H,0.—This was obtained by 
exposing the anhydrous salt to the air (preparation I), or to an 
atmosphere 75 per cent. saturated with moisture at 25° (preparation 
II), ‘the increase in weight corresponds with the addition of 6H,0. 


Increase in weight on exposing anhydrous salt to air = (l) 
22°39. 
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Increase in weight on exposing anhydrous salt to an atmosphere 
75 per cent. saturated with moisture at 25°= 22°40: 
C,,H,0,,N,Mg requires increase of 6H,O = 22°49 per cent. 

The dihydrate, [C,H,(NO,),°O],Mg,2H,O, is obtained when the 
nonahydrate is heated to a temperature of 80°: 

Found, N= (L) 16°35; (II) 16°42. H,O= (1) 7:09. 

C,,H,O,,N,Mg,2H,0 requires N = 16°30 ; H,O=6°'97 per cent. 

Loss of weight on exposing nonahydrate to a temperature of 80°= 
19°33 : 
C,,H,0,,N,Mg,9H,O requires 7H,O = 19°62 per cent. 

The anhydrous salt, [C,H,(NO,),°O],Mg, is obtained when any of the 
above hydrates are heated to a temperature of 150°: 
Found, N = 17°32. 

C,,.H,0,,N,Mg requires N= 17-53 per cent. 

This sait explodes very feebly at 367—372°. 


Calcium Picrate. 


Previous workers.—Chevreul, Liebig, Marchand, Tschelzoff. 

According to Marchand, the crystalline salt is a pentahydrate ; 
Tschelzoff gives a formula containing 6H,O. ‘The present work shows 
that the crystals consist of a decahydrate. 

Decahydrate, [C,H,(NO,),°O],Ca,10H,O, crystallises from a hot 
concentrated solution, on cooling, in yellow plates : 

Found, N =(I) 12°59 ; (II) 12°37. H,O=(I) 26:95; (II) 26°03. 

C,,H,O,,N,Ca,10H,O requires N=12°45 ; H,O = 26°63 per cent. 

Pentahydrate’, [C,H,(NO,),°0],Ca,5H,O, appears to be formed when 
the anhydrous salt is exposed to the air (preparation I) or to an 
atmosphere 75 per cent. saturated with moisture at 25° (preparation 
II). 
Increase in weight of anhydrous salt : (I) 17°50, 17-07 ; (IL) 17°00: 

[C,H,(NO,),*O],Ca requires for 5H,O an increase of 18°15 per cent. 

The anhydrous salt is produced when the decahydrate is heated to 
80°; 

Found, N= 16°56 ; 16°57. 

C,,H,0,,N,Ca requires N = 16°97 per cent. 

It is a yellow powder, which explodes violently at 323—328°. 


Strontium Picrate. 


Previous workers—Chevreul, Marchand, Rieckher, Cahours, von 


Rath, Tschelzoff, 
Marchand and von Rath found the salt to contain 5H,0; the 
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former showed that one molecule of water remained on heating to 150 
Tschelzofi found 6H,O, and Rieckher gives data which would corte. 
spond with 6H,O if the salt be assumed to lose all its water at 130° 
The present work confirms Marchand’s results. 

Pentahydrate, {C,H,(NO,)*O],Sr,5H,O, crystallises in yellow needles 
from a hot concentrated solution (preparation I); it is also formed 
when the monohydrate is exposed to the air (preparation IT), or to an 
atmosphere 75 per cent. saturated with moisture at 25° (preparation 
III): 

Found, N = (I) 13°29; 13°48. 

C,,H,0,,N,Sr,5H,O requires N = 13°29 per cent. 

Increase in weight on exposing monohydrate to air =(II) 13-00; 
(IIT) 13°18 : 

C,,H,0,,N,Sr,H,O requires for an addition of 4H,O an increase of 
12°82 per cent. 

The monohydrate, [CsH,(NO,),°0],Sr,H,O, is obtained when the 
pentahydrate is exposed to a temperature of 80°: 

Found, N = 14°70 ; 14°70. 

C,,H,0,,N,Sr,H,O requires N = 14-99 per cent. 

Loss of weight on heating pentahydrate = 11-79 ; 11°75. 

C,,H,0,,N,Sr,5H,O requires (for a loss of 4H,O) 11°37 per cent. 

The salt is a yellow powder, which explodes fairly violently at 
340—345°. 

The anhydrous salt, |C,;H,(NO,),*O],Sr, is obtained when either of 
the foregoing salts is heated to 200°, but even at this temperature 
the water is expelled with difficulty : 

Found, N=15-40; 15°40. 

C,,H,0,,N,Sr requires N = 15°49 per cent. 


Barium Picrate. 


Previous workers—Chevreul, Liebig, Dumas, Marchand, Schunck, 
Laurent, Rieckher, Cahours, Carey Lea, Post and Mehrtens, 
Tschelzoff, Cook. 

The analytical data show considerable discrepancies; those of 
Liebig correspond with 24—4}H,O. Post and Mehrtens found 
4H,0O ; Marchand and Rieckher, 5H,O ; Laurent and Tschelzoff, 6H,0; 
Cook, 3H,O and 5H,O, and Marchand and Tschelzoff also obtained 
evidence of the formation of a monohydrate on heating. The present 
work confirms the existence of only one definite hydrate. 

The pentahydrate, [C,H,(NO,),*O],Ba,5H,0, crystallises from a con- 
centrated aqueous solution in yellow, prismatic needles : 
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Found, N=12:14. H,O=13°23. 
0,,H,0,,N,Ba,5H,0 requires N = 12°29 ; H,O=13°17 per cent. 


The anh drous salt, [C,H,(NO,),°O],Ba, is obtained when the 
pentahydrate is exposed to a temperature of 80°: 


need og 
formed Found, N = 14:09. 
to an C,,H,0,,N,Ba requires N =14:19 per cent. 


The salt is a yellow powder, which explodes with moderate 
violence at 333—337°. On being exposed to the air or to an 
atmosphere 75 per cent. saturated with moisture at 25°, an inter- 
mediate hydrate appears to be formed; thus the increase of weight 
corresponded with the addition of : 


3°00; 
In the air of the laboratory, (I) 45H,O ; (II) 4°65H,0. 
e of In moist atmosphere (75 per cent. saturated at 25°), 4-6H,0. 
the Zine Picrate. 


Previous workers—Marchand, Carey Lea, Miiller, Tschelzoff. 

Marchand believed he obtained salts containing 8H,O, 5H,O, 2H,0, 
and H,O, but the analytical data show great discrepancies, 

Tschelzoff’s zinc determination points to the presence of 9H,O, but 
the loss of weight corresponds more nearly with 8H,O. Miiller 
investigated the double picrate of zinc and sodium. The present work 
has shown the existence of salts containing 9H,O, 6H,O, and 2H,0. 

Nonahydrate, [C,H,(NO,),°O],Zn,9H,O.—This separates from the 
concentrated solution in yellow, prismatic needles : 

Found, N=12°41 ; 12°40. 

C,.H,0,,N,4n,9H,O requires N = 12°32 per cent. 

Heaahydrate, [C,H,(NO,),°O],Zn,6H,O.—This was formed by 
exposing the anhydride to an atmosphere 75 per cent. saturated with 
moisture. 

Increase in weight of anhydrous salt = 20°50: 

C,,H,0,,N,Zn requires the addition of 6H,O = 20°72 per cent. 

In the air of the laboratory, the amount of moisture absorbed was 
rather less (5°4 and 5°6 molecules). 

The dihydrate, [C,H,(NO,),°O],Zn,2H,0, is formed when the nona- 
hydrate is heated to 80° : 

Found, N =(I) 15-11; (II) 15-04. 

U,,H,O,,N,4n,2H,O requires N = 15:1. 

Loss of weight on exposing nonahydrate to a temperature of 80°= 
18°54: 

C,,H,0,,N,Zn,9H,O requires (for a loss of 7H,O) 18°44 per cent, 
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The anhydrous salt, [C,H,(NO,),°O],Zn, is produced when any of 
the hydrates are heated to 150°: 
Found, N = 15°93. 
C,,H,0,,N,Zn requires N = 16°15 per cent. 
It is a brownish-yellow powder, which explodes violently 9 


350—355°. 
Cadmium Picrate. 


Previous workers—Miiller, Carey Lea. 

The analysis given by Miiller corresponds with a heptahydrate, 
This has been confirmed in the present work. 

Heptahydrate, [C,H,(NO,),*O],Cd,7H,O.—This salt was obtained 
from hot concentrated solution in the form of yellow, hexagonal 
plates : 

Found, N =(I) 12:13; (II) 11°97. H,O=(I) 18°29 ; (II) 17-93. 

C,,H,0,,N,Cd,7H,O requires N=12°12 ; H,O=18°15 per cent. 

The pentahydrate, [C,H,(NO,),*O],Cd,5H,O, is formed when the 
anhydrous salt is exposed to an atmosphere 75 per cent. saturated 
with moisture at 25°. 


Increase in weight = 16°14: 
[C,H,(NO,),°O],Cd requires for 5H,O an increase = 15°84 per cent, 


The same result was not obtained when the anhydrous salt was 
exposed to the air of the laboratory, approximately 4 molecules only 
of water being absorbed. 

The anhydrous salt, [C,H,(NO,),°O],Cd, is formed when the hepta. 
hydrate is exposed to 80° : 

Found, N = 14°61. 

C,,H,0,,N,Cd requires N = 14°81 per cent. 
It is a yellow powder, which explodes violently at 336—341°. 


Mercuric Picrate. 


Liebig and Moretti described a mercurous picrate ; Chevreul, Varet, 
Carey Lea, and Hantzsch and Auld have described mercuric salts. 
Varet and Hantzsch and Auld give directions for the preparation of a 
tetrahydrated normal mercuric salt by digesting freshly-precipitated 
mercuric oxide with an aqueous solution of picric acid at 80°. 

In the present investigation, all attempts to prepare this substance 
by repeating this work gave rise to the basic compound described 
below. 

Hexahydrate, {C;H,(NO,),*O],Hg,Hg(OH),,6H,O.—This compound 
was obtained by three slightly different methods: 

(1) By keeping a well-stirred mixture of picric acid, in excess (46 
grams in two litres of water), and freshly-precipitated mercuric oxide 
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(21 grams) at a temperature of 80° for forty-eight hours. On cooling, 
the salt separated as beautiful orange-yellow needles. 

(2) By warming a similar mixture for a few hours only. In this 
case, the salt, which was precisely similar in appearance, was much con- 
taminated with free picric acid, which was, however, readily removed by 
crystallisation from hot water. 

(3) By boiling a similar mixture for seven hours after maintaining 
itat 80° for forty-eight hours. On analysis : 

Found, N= (I) 8°46 ; (II) 8°44; (III) 8:50. H,O= (I) 10°25. 

C,H, Oo.N,Hg, requires N=8'44 ; H,O= 10°82 per cent. 

The compound forms beautiful orange needles, which change to a pale 
yellow colour on losing the water of crystallisation. On warming with 
water, a residue of mercuric oxide is obtained, and on concentrating the 
solution the hydrated basic salt again separates, picric acid being left 


ntly at 


1 in solution. 

. The anhydrous salt, [C,H,(NO,),°O],Hg,Hg(OH),, is obtained by 
the exposing the finely-powdered hexahydrate over sulphuric acid in a 

rated vacuum : 

Found, N=9:46. H,O= 44°82. 

. C,,H,0,,N, Hg, requires N=9°46 ; H,O=44-93 per cent. 
ae The salt is a pale yellow powder, which volatilises without explosion 
nly on heating. 
Aluminium Picrate. 
ita. Previous workers—Carey Lea, Miiller, Moretti. 
Miiller gives analyses which correspond with a basic salt, 
[C,H,(NO,),°0],Al10H,7H,0, 
whilst Lea gives no analytical data. 

Hexadecahydrate, [C,H,(NO,),°O],A1,16H,O.—This was prepared by 
digesting freshly-precipitated aluminium hydroxide with an aqueous 
solution of picric acid for several days, and concentrating the filtrate ; 

st, on cooling, the salt was deposited in pale yellow needles (preparation I). 
. It may also be obtained by exposing the tetrahydrate to an atmosphere 
‘ 75 per cent. saturated with moisture at 25° (preparation IT) : 
d Found, (I) N=12°81. 

C,,H,0,,N,A1,16H,O requires N = 12°64 per cent. 
; Increase of weight on exposing the tetrahydrate to moist air 


= (II) 27°84: 
C,,H,O,,N,A1,4H,O requires increase of 12H,O = 27:59 per cent. 
A similar result is not obtained on exposing the tetrahydrate to the 
air of the laboratory, only approximately 10°7 molecules of water being 
absorbed. 
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The tetrahydrate, [C,H,(NO,),°0],A1,4H,O, is obtained from the 
hexadecahydrate by heating to 80°: 

Found, N=16°01 ; 16°07. 

C,3H,0,,N,A1,4H,0 requires N = 16°13 per cent. 

Loss of weight on exposing the hexadecahydrate to a temperature of 
80° = 22°33 ; 22°56: 

C,,H,0.,N,A1,16H,O requires loss (of 12H,O) = 21-92 per cent. 

The tetrahydrate thus obtained isa yellow powder, which on heating 
decomposes without explosion. 


Thallium Picrate, C,H,(NO,),*OTI. 


Previous workers—Kuhlmann, Bottger. 

No analytical data are given by theseauthors. In the present work, 
thallium carbonate was dissolved in aqueous picric acid, and the filtrate 
concentrated. The anhydrous salt crystallised in silky, yellow needles, 
No loss of weight occurred on heating : 

Found, N = 9°68. 

C,;H,O,N,T! requires N = 9-75 per cent. 

The salt explodes feebly at 273—275°. 


Zirconium Picrate, [C,;H,(NO,),°0],Zr. 


This salt has apparently not been previously prepared. It was 
obtained from zirconium carbonate and picric acid, and crystallises in 
anhydrous, silky, yellow needles : 

Found, N = 16°67. 

C,,H,O,.N,,.Zr requires N = 16°80 per cent. 

The salt suffered practically no loss in weight on heating ; it 

exploded freely at 317—322°. 


Cerium Picrate. 


This salt has apparently not been previously prepared. In the 
present work, it was obtained from cerium carbonate and picric acid. 

Undecahydrate, [C,H,(NO,),°O],Ce,11H,0, erystallises from a con- 
centrated aqueous solution (preparation I), and can also be obtained by 
exposing the anhydrous salt to air (preparation II) or to an atmos- 
phere 75 per cent. saturated with moisture at 25° (preparation (ITI): 

Found, N = 12°32. 

C,,H,O,,N,Ce,11H,O requires N = 12°35 per cent. 

Increase in weight on exposing anhydrous salt to air = (II) 24°32 ; 

(III) 24°60 : 
C,,H,0,,N,Ce requires for 11H,O an increase of 24:03 per cent, 
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The salt separates from a concentrated aqueous solution in amber- 
coloured, flat, prismatic crystals. By either of the other methods, it is 
obtained as a brown powder. 

The trihydrate, [C,H,(NO,),°O],Ce,3H,O, is obtained by heating the 
undecahydrate to 80°: 

Found, N=(I) 14°30 ; (ITI) 14:23. H,O=(I) 6°69; (IT) 6°92. 

C,;H,0.,N,Ce,3H,0 requires N= 14°38 ; HO = 6°22 per cent. 

Loss of weight on heating undecahydrate to 80°=14°04; 14:11: 

C,,H,O.,N jCe,11H,0 requires loss (of 8H,O) = 14:09 per cent. 

It isa brown powder, which absorbs moisture from the air. 

The anhydrous salt, [C,H,(NO,),°O],Ce, is obtained when either the 
undecahydrate or trihydrate is heated to 150°: 

Found, N = 15:22. 

C,,H,0,,N,Ce requires N = 15:29 per cent. 
The salt is a brown powder, which explodes violently at 306—313°, 


Lead Picrate. 


Previous workers—Chevreul, Liebig, Marchand, Laurent, Kopp, 
Rieckher, Post and Mehrtens, Tschelzoff. 

The analytical data vary very considerably ; they correspond with 
1 to 5 molecules of water of crystallisation. Various basic salts are also 
described. 

Tetrahydrate, [C,H,(NO,),°O],Pb,4H,O.—Picric acid was treated 
with lead carbonate, and the salt obtained in the form of silky, yellow 
needles : 

Found, N =11°46. 

C,,H,0,,N,Pb,4H,O requires N = 11°46 per cent. 

The monohydrate, [C,H,(NO,),°O],Pb,H,O, results when the tetra- 
hydrate is retained at 80° for some time (preparation I), and also when 
the anhydrous salt is exposed to air (preparation IT) : 

Found, N=(I) 12°56. H,O=2°77; 2°71. 

C,,H,0,,N,Pb,H,O requires N = 12:37; H,O=2°65 per cent. 

Increase in weight on exposing anhydrous salt to air (I1)=2-73 ; 
271: 

C,,.H,0,,N,Pb requires for 1H,O an increase of 2°72 per cent. 

In an atmosphere 75 per cent. saturated with moisture, 1°3 molecules 
of water were absorbed. 

The anhydrous salt, [C,H,(NO,),°O],Pb, is obtained when the tetra- 
hydrate or monohydrate is heated to 150°. 

It is a yellow powder, which explodes violently at 270—275°, and 
differs from all other picrates in being extremely sensitive to shock or 
friction. 
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Chromium Picrate. 


Carey Lea describes a chromium-ammonium compound, but chromium 
picrate has apparently not been prepared. 

A basic chromium salt, corresponding approximately with the com. 
position [C,H,(NO),°O],Cr,2C,;H,(NO,),*O-CrO,27H,0, is obtained by 
mixing equivalent quantities of barium picrate and chromium sulphate 
and evaporating the filtrate in a vacuum over sulphuric acid. 

The salt separates in green crystals : 

Found, Cr=(I) 8°30; (II) 8°61. N-=(1) 11°38. 

C,9H,,0,,N,,Cr,27H,O requires Cr = 8°61 ; N=11'60 per cent. 

A salt of the composition 

[C,H,(NO,),°O],Cr,2C,H,(NO,),*O°Cr0,9H,O 
is produced when the salt just described is heated to 80°. 
Loss of weight on heating to 80°=(I) 18°21 ; (II) 1811: 
C,5H,,0,,N,,Cr,27H,O requires for loss (of 18H,O) = 17°86 per cent. 

The anhydrous salt, [C,H,(NO,),°0],Cr,2C,H,(NO,),*O-Cr0, is pro- 
duced when the foregoing salt is heated to 150°. 

Loss of weight on heating to 150°=(I) 10°16 ; (II) =10°49. 

C,)H,,03,N,;Cr,9H,O requires loss (of 9H,O) = 10°88 per cent. 


Manganese Picrate. 


Previous workers—Marchand, Miiller, Carey Lea. 

Marchand obtained an octahydrate which readily lost three mole- 
cules of water ; Miiller found only a pentahydrate. The present work 
shows the existence of the octahydrate and a trihydrate, but renders 
the formation of a pentahydrate highly improbable. 

The octahydrate, [C,H,(NO,),*O],Mn,8H,O, separates in yellow prisms 
from a hot concentrated solution (preparation I). 

It is also obtained when the anhydrous salt is exposed to the air 
(preparation I) or to an atmosphere 75 per cent. saturated at 25° (pre- 
paration ITT): 

Found, N =(I) 12°90; 13-02. 

C,,.H,0,,N,Mn,8H,O requires N = 12°85 per cent. 


Increase in weight on exposing anhydrous salt in air =(II) 27:96; 
(LIT) 27°52: 
C,,H,0,,N,Mn requires for 8H,O an increase of 28°18 per cent. 
The trihydrate, [C,;H,(NO,),*O],Mn,3H,O, is produced when the 
octahydrate is heated to 80°: 
Found, N=15'11. H,O=9°44. 
C,,H,0,,N,,3H,O requires N= 14:90 ; H,O=9°56 per cent. 
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Loss of weight on heating octahydrate to 80°=13°77; 13°80; 
14:02 : 
0,,H,0,,N,Mn,8H,0 requires loss (of 5H,0) = 13°74 per cent. 
The anhydrous salt, [CsH,(NO,),°O],Mn, is produced when either the 


octa- or tri-hydrate is heated to 150°. 
It is a yellow powder, which explodes with violence at 325—330°. 


Ferrous Picrate. 


Previous workers—Miiller, Carey Lea. 

The analysis given by Miiller corresponds approximately with a 
pentahydrate. The present work has not confirmed this, but an 
octahydrate has been obtained. 

Octahydrate, [C,H,(NO,),°0],Fe,8H,O.—Hot concentrated solutions 
of ferrous sulphate and barium picrate are mixed and filtered. The 
ferrous picrate separates from the filtrate, on cooling, in yellow, 
hexagonal prisms : 

Found, N=12°81. H,O=21°72 ; 21°64; 21°91. 

C,,H,0,,N,Fe,8H,O requires N = 12°84; H,O= 21°96 per cent. 

The crystallised salt is bright yellow, but becomes dark green directly 
it begins to lose water. 

The anhydrous salt, [CsH,(NO,),°O],Fe, is obtained when the octa- 
hydrate is exposed in a vacuum desiccator over concentrated sulphuric 
acid : 

Found, N= 16°18. 

C,.H,0,,N,Fe requires N = 16°45 per cent. 

The anhydrous salt is a dark green powder, which explodes feebly at 
315—320°. On exposure to the air, it absorbs from 3 to 4 molecules of 
water. 

Attempts to prepare ferric picrate were without result; no 
precipitate was found under the conditions described by Moretti. 


Cobalt Picrate. 


Previous workers—Marchand, Miiller, Carey Lea. 

Marchand obtained analytical data corresponding with a penta- 
hydrate. This is not confirmed by the present work. The hydrates 
obtained contain 94, 6, and 2 molecules of water, and are strictly 
analogous to the nickel salts. 

Hydrate, [C,H,(NO,),°0],Co,94H,0.—This is deposited on allowing 
a hot solution containing 10 grams of the anhydrous salt in 20 c.c. of 
water to cool : 

Found, N = 12°53. 

C,,H,0,,N,Co,94H,O requires N = 12:27 per cent. 

VOL. XCIII. K K 
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The salt crystallises in brown needles. 

Hexahydrate, [C,H,(NO,),*0],Co,6H,O.—This crystallises on cooling 
from a hot solution containing 10 grams of the anhydrous salt jp 
15 c.c. of water (preparation I). 

It is also produced when the anhydrous salt is exposed to air 
(preparation II) or to an atmosphere 75 per cent. saturated at 250 
(preparation ITT). 

Increase in weight on exposing anhydrous salt to air = (II) 21-07; 
(IIT) 21-03. 

C,,H,0,,N,Co requires for 6H,O an increase = 20-98 per cent. 

When obtained as in preparation (I), the salt crystallises in brown 
lamine ; by either of the other methods, it is a brown powder. 

The dihydrate, [C,H,(NO,),*O],Co,2H,O, is formed when either of 
the above hydrates are heated to 80°. 

Dihydrate from 9} hydrate: Found, N=15-32. H,O=6:10. 

Dihydrate from hexahydrate: Found, N=15:20. H,O=6:00. 

C,.H,0,,N,Co,2H,O requires N=15-28 ; H,O=6-54 per cent. 

Loss in weight on heating 94 hydrate to 80° = 19°43; 19:39; 
19°38 : 

C,,.H,0,,N,Co,94H,O requires a loss (of 7H,O) = 19°68 per cent. 

Loss of weight on heating hexahydrate to 80°=11°84 ; 11°62: 


C,.H,0,,N,Co,6H,O requires a loss (of 4H,0) =11°59 per cent. 
Obtained by either method the salt is a brown powder. 
The anhydrous salt, [C,H,(NO,),*O],Co, is obtained when any of the 
above hydrates are heated to 150°. 
It is a brown powder, which explodes with moderate violence at 


320—325°. 


Nickel Picrate. 


Previous workers—Marchand, Miiller, Carey Lea. 

Marchand describes an octahydrate, a pentahydrate, and a mono- 
hydrate. The present work has not confirmed the existence of any of 
these salts. 

Hydrate, [C,H,(NO,),°O],Ni,9$H,0.—This crystallises in green 
needles when a hot solution containing 10 grams of the anhydrous 
salt in 20 c.c. of water is allowed to cool : 

Found, N = 12°47. 

C,,H,0,,N,Ni,9$H,O requires N = 12°28 per cent. 

Hexahydrate, [C,H,(NO,),°O},Ni,6H,O.—This crystallises in green 
lamin when a hot solution containing 10 grams of anhydrous salt 
in 15 c.c. of water is allowed to cool (preparation I). 

It is also produced when the anhydrous salt is exposed to air (pre- 
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ation II) or to an atmosphere 75 per cent. saturated at 25° 
(preparation ITI). 
Increase in weight on exposing anhydrous salt to air = (I) 20°24; 
90:90; (II) 20°24. 
C,,H,O,,N¢ requires for 6H,0 an increase of 20°99 per cent. 
Obtained by preparation I, the salt crystallises in the form of green 
lamine ; by either of the other methods, it is a green powder. 


1107 ; The dihydrate, [C,H,(NO,),*O],Ni,2H,0, is obtained from either of 
the above hydrates on heating to 80°. 
. Dihydrate from 9} hydrate: Found, N = 15-26. 
orown Dihydrate from hexahydrate: Found, N=15:21. H,O= 6°70: 
C,,H,0,,N,Ni,2H,O requires N= 15°29 ; H,O=6°54 per cent. 
er of Loss in weight on heating 9} hydrate to 80°=19-90; 20-09: 


C,,H,0,,N,Ni,9$H,O requires a loss (of 7$ H,O) = 19°69 per cent. 
Obtained by either method, the salt is a green powder. 
The anhydrous salt, [C,H,(NO,),°O],Ni, is obtained when any of the 


t. above hydrates are heated to 150°. It is a green powder, which 
9°39 ; explodes with moderate violence at 335—340°, 
at, Our thanks are due to the Director of Artillery, the Ordnance 
Research Board, and the Explosives Committee for permission to 
t. publish these results, and also to Messrs. C. S. Roy, H. J. Merriman, 
and F, W. Myers for assistance in the work. 
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XLVI.—Brazilin and Haematoxylin. Part VIIL* 
mno- Synthesis of Braziline Acid, the Lactones of Di- 
of hydrobrazlinic and Dihydrohaematoaylinic Acids, 
Anhydrobrazlic Acid, &e. The Constitution of 
en “oe ; ; eae 
es Brazilin, Haematoxylin, and their Derivatives. 


By Witu1am HEnry PERKIN, jun., and Ropert Rosinson. 


Iv investigating the alkaloids and other highly complex natural ~ 
products, experience has shown that the method most likely to yield 
information directly bearing on the question of constitution is that 

* Part I (Trans., 1901, 79, 1396), Parts II and III (Trans., 1902, 81, 221, 235), 


Parts IV, V, VI (Trans., 1902, 81, 1008, 1040, 1057), Part VII (Trans., 1907, 91, 
1073). 
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of exhaustively studying the degradation products which such sy}. 
stances yield when they are submitted to oxidation under a variety 
of conditions. During the course of the long and difficult 
investigation of brazilin and hematoxylin, it has been clearly 
demonstrated that this method of degradation, applied under suit. 
able conditions, yields, in this case also, results of the first 
importance, and, indeed, our present knowledge of the constitution 
of these substances is entirely based on the results which were 
obtained in this way. Since brazilin contains three and hematoxylin 
four phenolic hydroxyl groups, it was necessary to protect these 
before investigating the action of oxidising agents, and this was 
done in the usual way by methylation, either with methyl iodide 
or, better, with methyl sulphate and potassium hydroxide. The 
trimethylbrazilin, C,,H,,0,(0Me),, and tetramethylhematoxylin, 
C,.Hy0O.(OMe),, thus obtained, were then subjected to oxidation 
by permanganate or chromic acid, and, as a detailed account of the 
degradation products formed is to be found in the earlier parts 
of this research, only those which have a direct bearing on the 
subsequent development of the subject will be mentioned on the 
present occasion. 

When trimethylbrazilin is oxidised by permanganate, two acids 
of great importance are produced, namely: 


0:CH,°CO,H 
Meo bs al ier = CO,H/” NOMe 
CO,H\ OMe’ 
\A\co,8 \/ 
2-Carboxy-5-methoxyphenoxyacetic acid. m-Hemipinic acid. 


and it was at once recognised (Trans., 1901, 79, 1401) that the 
formation of these acids supplied valuable information as to the 
constitution of trimethylbrazilin, since it was now clear that this 
substance must be derived not only from a resorcinol, but also from 
a catechol nucleus, and, further, that the formula of trimethyl- 
brazilin must contain the groupings 


O 
C 
me ver 
| | j and OMe . 
\Z4 ¥ C cof \4 


These two residues contain, however, Cy), and, as the formula of 
trimethylbrazilin is C,,H,,0;, it follows that these residues must 
be fused together in such a way that one carbon atom is common 
to both. Perhaps the most important evidence as to the manner 
in which this fusion takes place is afforded by the study of another 
acid formed by the oxidation of trimethylbrazilin by permanganate, 
namely, of brazilic acid. This interesting acid has been most 
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carefully investigated, and it has been conclusively proved by 
analytical as well as by synthetical experiments (see p. 502) that 
its constitution must be represented by the formula: 


O 

Meo ¥ \ou, 

re (OH):CH,°CO,H. 
CO 


Brazilic acid. 
The isolation of this derivative of resorcinol as well as of 
mhemipinic acid from among the degradation products of 
trimethylbrazilin clearly proves that the latter contains the 


groupings 
O 


C 
Me0/ Pe : ie ¥ OMe 
“(1s OMe’ 

VNY GC sus 

and, since these residues must be fused together so that the carbon 
atoms marked with asterisks are common to both, the skeleton 


formula for trimethylbrazilin becomes 


Many other considerations, which are clearly indicated in the 
earlier papers, led us to develop this skeleton formula further and 


to select the expression 


O 
Meo’ \” Da ome 
LA 48 A me 
cH OH, 
OH 


as most probably representing the constitution of trimethylbrazilin 
(Trans., 1901, 79, 1401*). This formula appeared to account, in 
a satisfactory manner, for all the then known reactions and 
decompositions of this substance, but the evidence on which it was 
based was, on the other hand, not quite sufficient to allow of its 
being definitely and unreservedly accepted. During the last few 
years, facts have gradually accumulated which seemed to suggest 
that the above formula, although obviously very near the truth, 
required slight modification. It will not be necessary to enumerate 
all these facts, as the following example will be sufficient to indicate 
* The formula actually given in this reference is that of brazilin itself. 
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the kind of difficulty which we met with when we attempted t 
bring some of these facts into harmony with the above formula, 
When trimethylbrazilin is oxidised by permanganate, the two 


* 
0-CH,-CO,H 
oe co,H” \ 


and OMe 


2 
COE JoMe 
2-Carboxy-5-methoxy- 2-Carboxy-4 : 5-dimethoxy. 
phenoxyacetic acid. phenylacetic acid. 
are formed in considerable quantities. Each of these acids contains 
a >CH, group (marked with an asterisk), and it will be noticed 
that brazilic acid (p. 491) also contains the same >CH, group 
which is present in carboxymethoxyphenoxyacetic acid. 

The examination of a large number of cases shows that it is 
unusual for a >CH, group to be produced during oxidation with 
permanganate, and this fact led us to suspect that, in all 
probability, these two >CH, groups are contained as such in the 
correct formula for trimethylbrazilin and occupy, of course, the 
positions fixed by the formule of the degradation products. This 
condition is not fulfilled in the formula for trimethylbrazilin pro- 
visionally adopted (see above), because, although it contains the 
>CH, group of carboxydimethoxyphenylacetic acid, it does not 
contain the >CH, group of carboxymethoxyphenoxyacetic acid. 
In order to devise a formula which should satisfy these conditions, 
we have developed more particularly the following line of argument. 

It is clear that the correct formula for trimethylbrazilin must 
account for the formation of 


O 
MeO” YY NGH: 
YA (OH):-CH,°CO,H 
CO 


Brazilic acid. m-Hemipinic acid. 


sa C0,H/ Nowe 
COH| OMe 


as degradation products. If we confine our attention to the portion 
of the molecule situated between the two benzene rings, it is evident 
that there are only three groupings which will account for the 
formation of the above acids on oxidation: 


O 


‘Se 
L 


O 
VNp_ 


| 
ff Om f af it 
CG C Gc 6G 


i od 
te 


Il, IIL, 
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No. I. is the grouping contained in the formula for trimethyl- 
pragilin which has been repeatedly referred to (see p. 491), and 
which does not allow of thé presence of a >CH, group in the 
position indicated by brazilic acid and carboxymethoxyphenoxy- 
acetic acid. 

It is, however, clear that four atoms of hydrogen may be added 
to the expressions II. and III., thus: 


O O 
\ Ae Se ae 
( ‘GH ( “GHz 
Pua DARA 
o ‘oH, CG GH, 


ea 
Fe 
II. III, 

and these expressions then contain the two >CHg, groups of brazilic 
acid and carboxymethoxyphenoxyacetic acid, on the one hand, 
and of carboxydimethoxyphenylacetic acid on the other, and are 
for this reason to be preferred to I. But grouping III. is, 
obviously, a very unlikely one, and we therefore decided to test 
the validity of II., the acceptance of which would lead to the 


formula 


O 
Meo)’ ou, 
YA JOON 
e C 


se ™* 


H; 


oe ft 
MeO OMe 


as representing the constitution for trimethylbrazilin.* 

In attacking this difficult problem, we have employed the method 
of synthesis, and have now succeeded in synthesising all the more 
important degradation products of trimethylbrazilin with the 
exception of brazilic acid, so that there can no longer be any 
doubt as to their constitutions. Of these syntheses, the most 
important are those of brazidinic acid and of the lactones of 
dihydrobrazilinie and dihydrohaematoxylinic acids, since these, in 
our opinion, definitely prove the constitutions of both brazilin and 
hematoxylin. Brazilinic acid, (MeO),C,,H,O.(CO,H)o, is a dibasic 
acid which is formed in considerable quantities when trimethyl- 

* During the course of an interesting discussion of the degradation products of 
trimethylbrazilin (described in the present series of papers), Werner and Pfeiffer 
(Chem. Zeitsch., 1904, 8, 421) first suggested this formula as possibly representing 
the constitution of trimethylbrazilin. 
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brazilin is oxidised with permanganate (Trans., 1902, 81, 1014 ang 
1030). 

It melts at 208°, and one of its most characteristic properties jg 
the fact that, when reduced with sodium amalgam, it is converted 
by the addition of two atoms of hydrogen and elimination of wate; 
into the lactone of dihydrobrazilinic acid (m. p. 227°). 

The formula first baat for trimethylbrazilin, namely: 


MeO AS \gH—/oMe 
OM 
Aga "aur 
CH CH, 
OH 
leads to the following expressions for brazilinic acid and the lactone 
of dihydrobrazilinic acid : 
O 0 
Meo’ \CH— —/ OMe ang Meo YY Sait 
OM 
sae nd aia 
CO,H CO,H 


whereas, if the formula 


Meo’ \A NOH, 
A SON, 


correctly represents trimethylbrazilin, then the corresponding 
formule for brazilinic acid and the lactone of dihydrobrazilinic 
acid will be: 


0-CH,-CO,H 


0-CH,-C0,H 
oe MeO’ ty 

\4\4 a * 
GH vO. 


a.” 
od 
MeO OMe 
In order to decide this matter definitely, we undertook a series 
of experiments with the object of synthesising substances having 
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the formule last mentioned, and in this we were ultimately 


successful. 
When a mixture of m-hemipinic anhydride and ethyl methoxy- 


henoxyacetate is treated with aluminium chloride, a small quantity 
of an acid of melting point 208° is formed, which was found by 
careful comparison to be identical with brazilinic acid (p. 515): 


0-CH,:CO,H 0-CH,-CO,H 
V4. © Ww 


a 


4 
MeO OMe 
Subsequently the lactone of dihydrobrazilinic acid was synthesised 


by the following series of reactions (p. 514). 

In the first place, m-hemipinic anhydride was condensed with 
resorcinol dimethyl ether in the presence of aluminium chloride, 
when 2'-hydrozy-4:5:4'-trimethoazy-2-benzoylbenzoic acid* was 


produced : ? 


/\oMe _ Me0/ \OH CO,H/ OMe 
| OMe —_—> | | OMe’ 
\/ Shai 


This ketonic acid was then converted, by reduction with sodium 
amalgam, into 2-m-meconyl-5-methoxyphenol (I.): 


ae NN OCH, 00H 


Ais 
OH OO. 


es 
cna 
MeO OMe 
II. 


/\ 


When this 'actone is treated with chloroacetic acid and potass- 
ium hydroxide, the group *CH,*CO,H isintroduced in the place of 
hydrogen of the hydroxyl group, and the substance so produced 
melts at 227° and is the lactone of dihydrobrazilinice acid, which 
consequently must have the constitution IT. 

These syntheses not only establish the formule of brazilinic 
acid and the lactone of dihydrobrazilinic acid, but they also, at 


* The conditions employed were such that hydrolysis of one methoxyl group takes 
place during the condensation. 
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the same time, appear to us to prove conclusively that brazil 
must have the constitution represented by the formula: 
O 


OH/ b ‘git 
Ag soa 


since no other constitutional formula, except that containing the 
hydroxyl group in the place of hydrogen of the >CH group,* js 
capable of yielding brazilinic acid on methylation and oxidation. 

It has long been assumed that hematoxylin is analogously con. 
stituted to brazilin, and that it contains a pyrogallol residue in the 
place of the resorcinol residue in brazilin. This view is entirely 
borne out by the examination of the acids produced during the 
oxidation of tetramethylhematoxylin with permanganate and with 
chromic acid (Trans., 1902, 81, 236 and 1057). It follows there- 
fore that the formula for hematoxylin is in all probability 

OH O 


ou” \’ oH, 


In order, however, to obtain further evidence in support of this 
formula, we decided to attempt the synthesis of the lactone of 
dthydrohaematoxylinic acid, a substance which is obtained from 
tetramethylhematoxylin in the same way as the lactone of dihydro- 
brazilinic acid from trimethylbrazilin (Trans., 1902, 81, 244), and 
this was ultimately accomplished in the following manner. 

When aluminium chloride reacts with a mixture of pyrogallol tri- 
methyl ether and m-hemipinic anhydride, under the conditions 
given on p. 515, a similar condensation takes place to that already 
described in the case of the synthesis of the lactone of dihydro- 
brazilinic acid. 

The 2'-hydroxy-3! :4': e 5-tetramethozybenzoylbenzoic acid, 

Me 
MeO’ NOH ©O0,H/ \OMe, 


( ) . 
VA co W/E 


* That this alternative is impossible will be proved in a future paper on brazilein. 


yiel 
acit 
192 


aci 


ha 
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yielded, on reduction and subsequent treatment with chloroacetic 
acid and potassium hydroxide, a substance which melted at 
192—193°, and proved to be the lactone of dihydrohaematoxylinic 
acid, which therefore must have the constitutional formula: 

MeO 


Meo” o- -CH,-CO,H 


eS 


This synthesis also proves that haematoxylinic acid and 
haematoxylin must be represented by the formule: 


. MeO OH 0 

: Meo \0-CH,"CO,H oH/ \” ‘oH, 

th WS aes, 
OQ and CH CH,. 


It can readily be shown that the formula adopted above for 
brazilin accounts in a simple manner for all the decomposition pro- 
ducts of this substance, and, in a subsequent paper, dealing with 
brazilein and its derivatives, which we hope to publish shortly, it 
will be clearly demonstrated that the constitution of this important 
oxidation product is readily derived from the formula of brazilin 
and is to be represented thus: 


0 
Hof \“ \cH, 


CA AO, 
G OH, . 
\ / 
4 a 
» 
HO % 


One of the most puzzling decompositions which trimethylbrazilin 
undergoes is its conversion into trimethylbrazilone by oxidation 
with chromic acid (Trans., 1902, 81, 1040), a change which takes 
place according to the equation : 

(MeO);0,¢H,02 + 20 = (MeO);C¢H,O; + H,0. 
Trimethylbrazilone possesses very remarkable properties. It is a 
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ketone which, when treated with potassium hydroxide or de. 
hydrating agents, is converted, with loss of one molecule of water, 
into a-anhydrotrimethylbrazilone, a substance which obviously 
contains a hydroxyl group, since it readily yields an acetyl com. 
pound and a methyl ether. These properties clearly prove that 
trimethylbrazilone cannot possess the constitution 


O 
meo’ \” \cH 
. 4 i 
C 
fo 


A 
MeO OMe 
which Werner and Pfeiffer (Chem. Zeitsch., 1904, 3, 421) have 
suggested, and which they derived directly from the formula of 
trimethylbrazilin by oxidation and elimination of water. A very 
careful consideration of the properties of trimethylbrazilone has 
led us to the conclusion that this substance cannot be directly 
derived from trimethylbrazilin, and a number of further experi- 
ments which we have made with this substance and its derivatives 
seem to us to indicate clearly that it is formed according to the 
following scheme. 

The oxidation of trimethylbrazilin with chromic acid leads to the 
disruption of the central linking, and the unstable diketone which 
is thus formed undergoes aldol condensation and yields trimethyl- 
brazilone : 


O 
Meo’ \” NOH, 
Ayes, 
CH CH 


my 
f 


er 
MeO 
Trimethylbrazilin. Diketone. 
O 


MeO/ 


Wee 
[| H-CO 


ho Nr 


’ % 
C(OH) OH,. 
N : 


RET 4 
MeO OMe 


Trimethylbrazilone. 
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This formula represents trimethylbrazilone as a derivative both 
of coumaran and of tetrahydronaphthalene, and affords a ready 
explanation of all the decompositions of this substance. 

That trimethylbrazilone is a ketone is proved by the preparation 
of an oxime (Herzig and Pollak, Ber., 1903, 36, 398), and by the 
fact that it reacts readily with phenylhydrazine, but in the latter 
case the process leads, under different conditions, to widely different 
products. 

Herzig and Pollak (Ber., 1905, 38, 2166) heated trimethyl- 
prazilone with acetic acid and phenylhydrazine on the water-bath, 
and obtained a substance, C..H,,0N,(OMe);, which crystallised in 
yellow needles and melted at 239—242°. This phenylhydrazine 
derivative is produced aecording to the equation: 

C,H 0;(MeO); + C,H;-NH-NH, =C,,H,,0N.(OMe),; + 2H,0, 
and it is obviously a pyrazoline derivative. The formation of such 
a substance is readily understood with the aid of the above formula 
for trimethylbrazilone, and its constitution is doubtless 


r de. 
vater, 
ously 
com. 
that 


\ VAN 
G-NPh‘N UH,. 
ff 


r 


v4 


Sey 4 


MeO OMe 

When trimethylbrazilone is boiled in glacial acetic acid solution 
with phenylhydrazine, an entirely different reaction takes place, 
and leads to the formation of a substance, C;,H,g0,(MeO)3, which 
is described in an earlier paper (Trans., 1902, 81, 1040) under the 
name deoxytrimethylbrazilone. This substance is probably a 
dihydronaphthalene derivative of the formula 
O 


MeO/ ‘4 ‘or-on 


“Wu: ™ 
GH OH, 
5 I ol 
* oe. s 
™% 4 


eee 4 
MeO OMe 
but the position of the additive hydrogen atoms is uncertain. 

The most important evidence in favour of the correctness of the 
above view of the constitution of trimethylbrazilone is obtained from 
the study of the properties of a-anhydrotrimethylbrazilone. This 
substance is produced by the action of alkalis, acetic anhydride, or 
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some other dehydrating agents on trimethylbrazilone, and there 
can be little doubt that its formation is due simply to the 
elimination of water from the aldol grouping in trimethylbrazilone, 
and that it therefore has the constitution : 


O 
co SF 
Med) ia 3 ('C-OH 
44 

C CH. 

‘ol 


fa 
Wen 0d 
MeV OMe 

This formula represents a-anhydrotrimethylbrazilone as 4 
derivative of 8-naphthol, and, in accordance with this view, we find 
that it shows many of the properties of B-naphthol. It dissolves 
in cold dilute potash, and the alkaline solution combines readily 
with diazobenzene chloride to yield an intense red azo-dye, which 
is almost exactly similar to the dye which is produced from 
B-naphthol under the same conditions. In particular, it shows the 
characteristic property of dissolving in concentrated sulphuric acid 
with an intense red colour. Again, when a-anhydrotrimethyl- 
brazilone is combined with a-diazonaphthalene chloride, the azo-dye 
produced dissolves in concentrated sulphuric acid with a blue colouy 
exactly as in the case of the dye produced from f-naphthol. 

The most striking reaction of trimethylbrazilone is its behaviour 
with cold concentrated nitric acid, when it yields nitrohydroxydi- 
hydrotrimethylbrazilone (Trans., 1902, 81, 1049): 

C,,H,O;(MeO), + HNO, =C,,H;,0,N (MeO). 

This remarkable substance dissolves in alkalis with an intense 
purple colour, but, on standing, the colour rapidly fades, 
o-nitrohomocatechol separates, and the solution contains p-methoxy- 
salicylic acid. 

When oxidised with permanganate, nitrohydroxydihydrotri- 
methylbrazilone yields 2-carboxy-5-methoxyphenoxyacetic acid, 

. /0:CH,°CO,H 
os ie Ae 
\/“\cO0,H 
and these decompositions point clearly to the formula 
O 
MeO \ ‘CH, NO, OMe 
LA C(OH)-CH,\. /2Me 
CO:0 
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4s the constitution of the nitro-compound (compare Trans., 1902, 
81, 1059). This expression is derived from the constitutional 
formula for trimethylbrazilone in the following manner: 


O 


"tae, ity 
MeO’ Y bH-CO 


ae 
G(OH) CH,+HNO, —> 


\ 
J 


jy oe 
MeO OMe 


NO,/ ro™, 


“N\ a 
Meo)“ ‘GH, NO,/ OMe 
CO,H Cco—cH,. /OMe’ 

OF te oan ca. “em 


The substance last represented undergoes a simple intramolecular 
change, and the lactone, nitrohydroxydihydrotrimethylbrazilone, is 
produced. ‘ 

Herzig (Ber., 1904, 87, 631) has shown that trimethylbrazilone 
undergoes isomeric change when it is dissolved in sulphuric acid, 
and yields y-trimethylbrazilone. This substance is a monobasic 
acid, and, in the course of its investigation, we found that, on 
oxidation with permanganate; it yields large quantities of 2-carboxy- 
4: 5-dimethoxyphenylacetic acid, (MeO),C,;H,(CO,H)*CH,°CO,H 
(compare p. 516). There can be little doubt therefore that its 
constitution is represented by one of the formule: 


‘ Yi 
oH 00,H-CH, OMe 
NY al b. 


or 


C0,H/ ‘OMe 
. /OMe 


ae 
| | CH 
a 
C CH, 
and its formation from trimethylbrazilone may be readily followed 
with the aid of the formula suggested above. 
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When tetramethylhematoxylin is oxidised with chromic acid, 
it behaves in an exactly similar manner to trimethylbrazilin, and 
yields tetramethylhematoxylone (Trans., 1902, 81, 1060), and the 
latter substance is converted by alkalis or dehydrating agents into 
anhydrotetramethylhematoxylone. The constitutions of these sub- 
stances may therefore be represented thus: 


MeO 0 


yw 
Meo” vc-on 
We ® 
rs H. 


C 
~ 
, Sed i et 
MeO OMe MeO OMe 


In support of these formule, the fact may be specially mentioned 
that anhydrotetramethylhematoxylone, like anhydrotrimethyl- 
brazilone, exhibits all the properties of a derivative of B-naphthol. 

We are at present engaged on a series of experiments with the 
object of synthesising trimethylbrazilone, tetramethylhematoxylone, 
and their derivatives, and, in this way, of definitely establishing 


their constitutions. 


Constitution of Brazilic Acid and Synthesis of Anhydrobrazilic 
Acid. 


It has already been pointed out in this introduction (p. 491) 
that the determination of the constitution of brazilic acid is of the 
greatest importance, not only on account of the interest attaching 
to the acid itself, but more particularly because the constitution 
of brazilic acid has such a direct bearing on that of brazilin. 

This matter has been fully discussed in an earlier paper (Trans., 
1902, 81, 221), and it is there shown that all the available evidence 


pointed to the formula 


O 
Meo’) cu, 
\/A\ (OH) CH, 00,0 
co 


as correctly representing brazilic acid. The most important decom- 
position of this acid is its conversion into anhydrobrazilic acid by 
concentrated sulphuric acid, a change which is simply due to 
elimination of water. Evidence of the constitution of the anhydro- 
acid is afforded by its decomposition by baryta into formic acid 
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and 2-hydroxy-4-methoxybenzoylpropionic acid, a change which may 
be represented thus: 


O 
Meo’ \“ \cH H-CO,H 
C-CH,-CO,H ae . nad 

we ‘Se aie.  \CO:CH,"CH,*00,H 


In order to control this view of the decomposition, the hydroxy- 
methoxybenzoylpropionic acid was methylated and the dimethoxy- 
derivative prepared synthetically from resorcinol dimethyl ether, 
the ester of the semi-chloride of succinic acid and aluminium 
chloride : 


i™ 
MeO, OMe . C1-CO-CH,-CH,*CO, Et _ 


Me0/ pe 


+ HCl. 
\“\co-0H,CH,'CO,Et 

A still more convenient synthesis of this acid has since been 
devised, and is described on p. 506. 

Although all this evidence is very strongly in favour of the 
above constitution of anhydrobrazilic acid, we wished to be quite 
certain on this point, and therefore decided to attempt the 
synthesis of this acid, a problem which proved to be much 
more difficult than we, at first, anticipated. Such of the unsuccess- 
ful attempts as have led to the preparation of new compounds of 
interest are described in the experimental part of this paper 
(pp. 505, 507), and the synthesis of anhydrobrazilic acid was ulti- 
mately accomplished in the following manner. The starting point is 
2-hydroxy-4-methoxybenzoylpropionic acid, which is produced when 
a mixture of resorcinol dimethyl ether and succinic anhydride is 
treated with aluminium chloride without employing a solvent. Under 
these conditions, a vigorous reaction sets in, and condensation and 
elimination of a methyl group take place at the same time, 


bg OMe , 90-0 Ae Meo/ NOH 
CH,—CH, ws 
\CO-CH,-CH,C0,H 


and it is Seo that the substance thus produced is identical 
with the acid which is obtained when anhydrobrazilic acid is 
digested with baryta water (see above). When the methyl ester 
of hydroxymethoxybenzoylpropionic acid is dissolved in ethyl 
formate and treated with finely divided sodium, a vigorous reaction 
sets in, and the product contains the methyl ester of anhydro- 
brazilic acid, since it yields this acid on hydrolysis. This interesting 
VOL. XCIII. LL 
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synthesis of anhydrobrazilic acid may be represented in the 
following way: 

‘ n 
Meo oH _., MeO” OH O#-CH 

/ | | 
\/Nco-CH,CH,*CO,Me \CO—C-CH,+CO,Me 
O 
/C’CH,CO,Me 
CO 


MeO; ) 


and conclusively proves not only the constitution of anhydro- 
brazilic acid, but also indirectly that of brazilic acid itself. 


Ex PERIMENTAL. 
Synthesis of 2-Carboxy-5-methoxryphenoxyacetic Acid. 
It has already been pointed out (pp. 490, 492) that the two acids: 
/O-CH,°CO,H ‘ 
Meo/ “and = _COH/” NOMe 
Ris /CO,H COCR me 
2-Carboxy-5-methoxy phenoxy- 2-Carboxy-4 : 5-dimethoxy- 
acetic acid. phenylacetic acid. 
are amongst the most important degradation products of trimethy]- 
brazilin. The synthesis of the last mentioned of these acids from 
5 :6-dimethoxy-l-hydrindone by the following steps: 
co 
(von ee Oa, H 
eV’. ie ta Le 2° VVe 
er ae <j he ee 
CH, 
has been described in an earlier paper (Trans., 1907, 91, 1082). 
We have now succeeded in synthesising 2-carboxy-5-methoxy- 
phenoxyacetic acid, and there can therefore be no doubt as to the 
constitution of either of these acids. The first step in the synthesis 
was the preparation of aldehydomethoxyphenoxyacetic acid, 
MeO-O,H,;(O°CH."CO,H)-CHO, and this was accomplished in the 
following way. 
p-Methoxysalicylaldehyde (3 grams) was mixed with chloroacetic 
acid (5 grams), and sufficient hot 40 per cent. potassium hydroxide 
slowly added to keep the clear yellow liquid distinctly alkaline; the 
product was then boiled for half an hour. The solution of the 


. potassium salt of aldehydo-p-methoxyphenoxyacetic acid thus 


obtained was diluted with water, cooled, and potassium perman- 
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ganate added until the pink colour remained permanent. The 
whole was then heated to boiling, filtered, and the filtrate and 
washings of the manganese precipitate concentrated and, while still 
hot, acidified with hydrochloric acid, when colourless needles 
separated, which, after recrystallisation from water, gave the 
following results on analysis: 

0°1466 gave 0°2846 CO, and 0°0584 H,O. C=52'9; H=4°4. 

Cio9HyO, requires C=53°1; H=4°4 per cent. 
2-Carboxy-5-methoxyphenoxyacetic acid melts at 175°, and is iden- 
tical with the acid obtained by the oxidation of trimethylbrazilin 
(Trans., 1901, 79, 1407), and which was assumed to have this 
constitution. ; 

The identity was proved not only by the comparison of the 
general properties of the two specimens, but also by the fact that, 
when mixed, the mixture melted at the same point (175°) as the 
constituents. 


Ethyl 2:4-Dumethozybenzoylpyruvate, 


MeO” )OMe 
ne ypu CH,°CO-CO, Et 

This substance was prepared because it was thought that it might 
prove valuable in our experiments on the synthesis of anhydro- 
brazilic acid, and the process employed was similar to that described 
by Kostanecki, Paul, and Tambor (Ber., 1901, 34, 2477) in their 
experiments with the corresponding diethoxy-derivative. A 
mixture of resacetophenone dimethyl ether (3 grams) and ethyl 
oxalate (7 grams) was added to finely-divided sodium* (0°7 gram), 
when a vigorous action soon set in, and the sodium rapidly and 
completely disappeared. Owing to the separation of a yellow 
sodium salt, the product of the reaction was nearly solid. After 
decomposing with dilute acetic acid, the yellow, crystalline pre- 
cipitate was collected, well washed, and crystallised from alcohol : 

0°1209 gave 0°2652 CO, and 0°0627 H,O. C=59°8; H=5°8. 

C,4H,,0, requires C=60°0; H=5'7 per cent. 

Ethyl 2:4-dimethoxybenzoylpyruvate crystallises in beautiful 
golden-yellow flakes, melts at 86—87°, and its solution in alcohol 
gives, on the addition of ferric chloride, a brownish-green coloration. 
When the dry substance is heated in a test-tube, it decomposes 
with evolution of carbon monoxide and formation of an oil which 
yields a violet coloration when ferric chloride is added to its 


* The finely-divided sodium used in all our experiments was prepared by melting 
sodium under toluene and agitating vigorously, 
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alcoholic solution. This oil is soluble in alkaline carbonates, 
and obviously consists of ethyl 2:4-dimethoxybenzoylacetate, 
(MeO),C,H,*CO-CH,"CO,Et. Ethyl dimethoxybenzoylpyruvate is 
readily hydrolysed by alkalis with formation of dimethoxybenzoyl- 
pyruvic acid. 

This acid is not readily decomposed by the further action of 
alkalis, but, when boiled with strong potash, the yellow colour of 
the solution gradually becomes fainter, and dimethoxyaceto- 
phenone may then be extracted with ether. Many attempts were 
made to cause the sodium derivative of ethyl dimethoxybenzoy]- 
pyruvate to react with chloro- or bromo-acetic ester, but without 
success, and this is perhaps hardly surprising in view of the fact 
that oxalacetic ester yields alkyl derivatives only with great 
difficulty. 


2:4-Dimethoxybenzoylpropionic Acid, 


Me0/ \OMe 
\_)0O-CH,*CH,*CO,H - 

The synthesis of this acid from resorcinol dimethyl ether and 
the ester of the semi-chloride of succinic acid and subsequent 
hydrolysis has been described in an earlier paper (Trans., 1902, 81, 
234), but the yield obtained was very unsatisfactory. We have 
now found that this acid may be readily prepared from resorcinol 
dimethyl ether by condensation with succinic anhydride in the 
presence of aluminium chloride. Resorcinol dimethyl ether (30 
grams) is dissolved in carbon disulphide (200 grams), and succinic 
anhydride (20 grams) and aluminium chloride (25 grams) added 
alternately in small quantities at a time, when a vigorous action 
sets in, but subsides in about fifteen minutes. 

The whole is heated in a reflux apparatus on the water-bath for 
three hours, the dark red, syrupy aluminium compound is decom- 
posed by ice, and the product distilled in steam to remove carbon 
disulphide. The residue in the distillation flask solidifies on 
cooling, and, after several crystallisations from benzene, melts at 
146—148°, and consists of pure dimethoxybenzoylpropionic acid: 

0°1607 gave 0°3560 CO, and 0°0873 H,O. C=60°4; H=6°0. 

C,.H,,O; requires C=60°5; H=5°9 per cent. 

The acid thus obtained became a deep violet a few degrees 
above its melting point, a reaction which is characteristic of 
dimethoxybenzoylpropionic acid. That the synthetical acid is 
identical with the acid obtained from anhydrobrazilic acid (loc. cit., 
p-. 233) was proved by the fact that, when the two specimens were 
‘ mixed, there was no alteration in the melting point. 
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Methyl 2:4-Dimethoxybenzoylpropionate, 
(MeO),C,H,*CO-CH,°CH,;CO,Me. 


This substance is readily obtained by boiling the acid (5 grams) 
with methyl alcohol (50 ¢.c.) and sulphuric acid (5 c.c.) in a reflux 
apparatus for two hours. The product is poured into water, 
extracted with ether, the ethereal solution washed with dilute 
sodium carbonate, dried over calcium chloride, and the ether 
evaporated, when an oil is obtained which soon solidifies, especially 
if a crystal is introduced. After leaving in contact with porous 
porcelain until the oily impurities had been completely absorbed, 
the residue was recrystallised from light petroleum: 

0°1734 gave 0°3921 CO, and 0°0965 H,O. C=61'7; H=6'2. 

C,3;H,,0, requires C=61'9; H=6'3 per cent. 

Methyl dimethozybenzoylpropionate separates from light petrol- 

eum in small, colourless prisms, and melts at 58°. 


Condensation of Methyl 2:4-Dimethozybenzoylpropionate with ~ 
Ethyl Oxalate. 


In studying this condensation, the methyl ester (5 grams) was 
dissolved in ethyl oxalate (15 grams), and then finely-divided sodium 
(1°5 grams) added gradually. The addition of each quantity of 
sodium produced a vigorous reaction, which was regulated by 
cooling under the tap. 

When the whole of the sodium had been added, the brownish- 
yellow mass was heated for ten minutes on the water-bath, and 
decomposed by dilute acetic acid. The yellow precipitate was col- 
lected at the pump and recrystallised from alcohol, in which it is 
sparingly soluble, and from which it separates in brownish-yellow 
needles or prisms, which melt at 170°. Two different preparations 
gave the following results on analysis: 


0°1916 gave 0°4203 CO, and 0°0828 H,O. C=59°8; H=4°8. 
01320 ,, 0°2897 CO, ,, 0°0600 H,O. C=59'9; H=5°0. 
CigH 0, requires C=60°0; H=5°0 per cent. 
The product which should result from methyl dimethoxybenzoyl- 
propionate by condensation with ethyl oxalate should have the 
constitution : 


MeO/” ‘Me CO-C0, Et 


\/\co-CHCH,*CO,Me ’ 
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and, as the substance actually obtained contained methyl alcohol 
less than this, it is evidently a lactone of the probable constitution : 
OMe/ OMe ¢0-CO, Et 
[ /—9=C-CH, 
G—=(D 
This lactone gives, in alcoholic solution, a brown coloration with 
ferric chloride, when heated it decomposes with evolution of carbon 
monoxide, and, when digested with alkalis, it is hydrolysed with 
formation of dimethoxybenzoylpropionic acid. It seemed probable 
that this lactone would be of value in our experiments on the 
synthesis of anhydrobrazilic acid, but, as this did not prove to be 
the case, it was not further investigated. 


2-Hydroxy-4-methoxybenzoylpromonic A cid, 


MeO” ‘oH 


\CO*CH,°CH,:CO,H ° 

It has already been pointed out that aluminium chloride reacts 
with a mixture of succinic anhydride and resorcinol dimethyl ether 
in the presence of carbon disulphide with the formation of di- 
methoxybenzoylpropionic acid, (MeO),C,;H,-CO-CH,°CH,°CO,H. 
When, however, the condensation is carried out in the absence of the 
solvent, hydrolysis of the methoxy-group adjacent to the carbonyl 
group takes place at the same time, and hydroxymethoxybenzoyl- 
propionic acid is formed. Resorcinol dimethyl ether (15 grams) 
and succinic anhydride (10 grams) are melted together, and 
aluminium chloride (10 grams) added, when a vigorous action sets 
in, and, after this has slackened, a further quantity of aluminium 
chloride (10 grams) is added and the mixture heated on the 
water-bath for three hours. The bright red, rather stable 
aluminium compound is decomposed by warm dilute hydrochloric 
acid, the brown oil which separates extracted with ether, the 
ethereal solution filtered and extracted with sodium carbonate. 
The alkaline extract is boiled with purified animal charcoal, filtered, 
and acidified while still hot, when brown needles separate, which, 
after several crystallisations from water, are obtained quite colour- 
less : 

0°1310 gave 0°2815 CO, and 0°0630 H,O. C=586; H=5°3. 

C,,H;,0; requires C=58°9; H=5°3 per cent. 

The 2-hydroxy-4-methoxybenzoylpropionic acid, obtained in this 
way, melted at 156°, and was identical with the acid of this com- 
‘position which had previously been obtained (Trans., 1902, 81, 
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231) from anhydrobrazilic acid by treatment with baryta, since no 
alteration in melting point could be detected when the two 
specimens were mixed. 


Methyl Hydrozymethozybenzoylpropionate, 
(MeO)(OH)C,H,°CO-CH,°CH,"CO,Me. 

This ester is readily obtained when the acid is boiled for two 
hours with twenty times its weight of methyl alcohol, containing 20 
per cent. of sulphuric acid. The product is poured into water, 
rendered alkaline by sodium carbonate, and the solid ester collected 
at the pump, washed, and recrystallised from dilute methyl] alcohol: 

0°1264 gave 0°2787 CO, and 0°0684 H,O. C=60'1; H=6°0. 

C,,H,,0; requires C=60°5; H=5'9 per cent. 

Methyl hydroxymethozybenzoylpropionate separates from dilute 
methyl alcohol in colourless needles, melts at 87°, and gives an 
intense violet coloration when ferric chloride is added to its 
alcoholic solution. 


Synthesis of Anhydrobrazilic Acid, 


O 
Meo’ \/ Nout 


x’ / 2 CH, CO,H 
CO 


This synthesis, which has been discussed in the introduction 
(p. 504), was carried out in the following way. Methyl hydroxy- 
methoxybenzoylpropionate (3 grams) was dissolved in hot ethyl 
formate (10 grams), and then finely-divided sodium (1 gram) added, 
when a reaction set in which was allowed to proceed vigorously 
and yet kept under control by cooling from time to time somewhat 
with water. The yellow product was freed from traces of sodium 
by mixing with a little alcohol, and then warmed on the water-bath 
with concentrated hydrochloric acid for fifteen minutes. After 
extracting with ether, the ethereal solution was evaporated, and 
the residual oil hydrolysed by boiling with excess of methyl-alcoholic 
potash ; the solution was then diluted, evaporated on the water-bath 
until free from methyl alcohol, acidified with hydrochloric acid, 
digested with animal charcoal, and filtered hot. The filtrate 
deposited on standing a yellow, crystalline powder, which was re- 
crystallised several times from water, and until it no longer gave a 
violet coloration with ferric chloride: 

0°1298 gave 0°2914 CO, and 0°0505 H,O. C=61:2; H=4°3. 

C,.H,,0O; requires C=61°5; H=4°3 per cent. 
That this substance is anhydrobrazilic acid (Trans., 1902, 81, 230) 
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was proved by the fact that it showed the following characteristic 
properties of that acid. It melted at 197°, gave no coloration with 
ferric chloride, and, when dissolved in concentrated sulphuric acid, 
it yielded a colourless solution, which fluoresced faintly blue in 
diffused light, and very brilliantly so in the light of burning 
magnesium. Moreover, a mixture of the synthetical acid and the 
acid obtained from trimethyibrazilin melted at exactly the same 
temperature as the components. 


2':4!-Dimethoxybenzoylbenzoic Acid, 


MeO/ ‘OMe 
\ _J00-0,H,:CO,H 


Our experiments on the synthesis of brazilinic acid and the 
lactones of dihydrobrazilinic and dihydrohematoxylinic acids, neces- 
sitated the condensation of various substances with m-hemipinic 
anhydride, and, as this substance is very difficult to prepare in 
quantity, we, in all cases, first worked out the conditions of con- 
densation with phthalic anhydride in the place of m-hemipinic 
anhydride. 

These experiments are described in the following sections. 

2': 4’-Dimethoxybenzoylbenzoic acid was prepared under the fol- 
lowing conditions. Phthalic anhydride (15 grams) and resorcinol 
dimethyl ether (20 grams) were mixed with carbon disulphide (100 
grams) and aluminium chloride (20 grams), and boiled on the water- 
bath for four hours, when a dark red aluminium compound 
separated. After this had been carefully decomposed by ice, the 
whole was distilled in steam to remove the carbon disulphide and 
unchanged resorcinol dimethyl ether, and then cooled, when the oily 
product soon solidified, and the solution also became filled with 
crystals of the new acid. 

The solid was collected and crystallised from dilute acetic acid: 

0°1274 gave 0°3129 CO, and 0°0587 H,O. C=67:0; H=5'l. 

C,,H,,0O; requires C=67'1; H=4°9 per cent. 

2! : 4'-Dimethoxybenzoylbenzoic acid separates from dilute acetic 
acid in colourless prisms, and melts at 164°. When heated in small 
quantities with fuming hydriodic acid, it yields 2/-hydroxy-4’- 
methoxybenzoylbenzoic acid, 


Meo/ OH 
\_ )00-CgH,CO,H” 


the methoxy-group adjacent to the carbonyl group suffering hydro- 
lysis. The acid thus obtained gave a purple coloration when ferric 
chloride was added to its alcoholic solution. 


—_—_— oe ae aba 
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It had already been prepared by Quenda (Gazzetta, 1890, 20, 
128) from phthalic anhydride and resorcinol dimethyl ether by 
heating on the water-bath with aluminium chloride without using 
a diluent. 


2-Hydrory-4-methozy phenyl phthalide, 


This substance is readily obtained by the reduction of 2/-hydroxy- 
4!methoxybenzoylbenzoic acid with sodium amalgam. The acid is 
dissolved in dilute sodium carbonate and treated, in a porcelain 
beaker fitted with a mechanical stirrer, with an excess of 2°5 per 
cent. sodium amalgam prepared from freshly-distilled mercury. 

After remaining overnight, the solution is diluted, and sufficient 
dilute hydrochloric acid added to precipitate the impurities. 

The liquid is then decanted from the tarry matter and acidified 
with excess of hydrochloric acid, when the lactone separates in 
almost colourless crystals, and may be recrystallised by dissolving 
in hot ethyl acetate and adding a few drops of light petroleum 
(b. p. 35—50°) : 

0°1513 gave 0°3886 CO, and 0°0630 H,O. C=701; H=4°6. 

C,;H,,0, requires C=70°3; H=4°7 per cent. 
2-Hydroxy-4-methoxyphenylphthalide crystallises in colourless 
prisms, and melts at 175°. It dissolves in concentrated sulphuric 
acid with a yellow colour, which does not fade even after several 
hours. 


2-Phthalide-5-methozxyphenoxyacetic Acid, 


Meo” )0-CH,-CO,H 


This interesting substance is closely related to the lactones of 
dihydrobrazilinic and dihydrohematoxylinic acids, and is obtained 
from 2-hydroxy-4-methoxyphenylphthalide by the action of chloro- 
acetic acid and potassium hydroxide under the following conditions. 

The phthalide (2 grams) is mixed with chloroacetic acid (10 
grams) and water (10 c.c.), keated to boiling, and then potassium 
hydroxide (40 per cent.) added from time to time, so that the 
solution is always distinctly alkaline. A vigorous action takes place, 
and is complete in about a quarter of an hour. The product is 
diluted with water, acidified, and the colourless precipitate collected 
and crystallised from acetic ester and a little light petroleum: 
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00771 gave 0°1840 CO, and 0°0308 H,O. C=65'1; H=4°4. 
C,,H,,0O, requires C=65'0; H=4'4 per cent. 

2-Phthalide-5-methoxyphenoxyacetic acid melts at 188°, dissolves 
readily in sodium carbonate, and the solution does not decolorise 
permanganate. It dissolves in concentrated sulphuric acid, yielding 
a yellow solution which, on standing, rapidly fades and soon 
becomes almost colourless, and in this it closely resembles the 
behaviour of the lactones of dihydrobrazilinic and dihydro- 
hematoxylinic acids under the same conditions. 


4-Phthaloyl-3-methozryphenozyacetic Acid, 


CO,H-CH,"0/ ‘OMe 
\ /CO:C,H,°CO,H * 
\4 

In preparing this substance, 3-methoxyphenoxyacetic ester (50 
grams) and phthalic anhydride (40 grams) are mixed with 
carbon disulphide (100 grams) and aluminium chloride (50 
grams), and boiled on the water-bath for four hours. The 
red aluminium compound is decomposed by ice and dilute hydro- 
chloric acid, and the carbon disulphide removed by distillation in 
steam ; the brown oil remaining in the flask is dissolved in strong 
potash, and boiled in order to hydrolyse any ester which might be 
present. The hot liquid is acidified, decanted from the dark oil, 
and cooled, when a yellow oil is obtained, which is boiled with three 
litres of water, and the clear liquid filtered and allowed to cool. 
The nearly colourless oil which is deposited is dissolved in acetic 
acid and carefully precipitated with water, when,.on long standing, 
colourless crystals separate in small quantity. These are collected, 
drained on porous porcelain, and recrystallised from dilute acetic 
acid : ; 

0°1061 gave 0°2386 CO, and 0°0418 H,O. C=613; H=4°4. 

C,,H,,0; requires C=61°8; H=4'2 per cent. 

4-Phthaloyl-3-methoxyphenoxyacetic acid crystallises in small, 
colourless prisms, melts at 144—146°, and dissolves in sulphuric acid, 
yielding an intense orange solution which does not fade on standing. 

The above condensation product of methoxyphenoxyacetic ester 
and phthalic anhydride might conceivably have had the con- 
stitution : 


MeO/ \O-CH,-CO,H 
\_}00-0,H,*C0,H ° 


/ 


and have yielded 2-phthalide-5-methoxyphenoxyacetic acid (m. p. 
188°, p. 511) on reduction. Since, however, the product actually 
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obtained by reduction with sodium amalgam was found to melt at 
156°, there can be little doubt that the phthaloyl compound has 
the constitution assigned to it at the head of this section. 


2'-Hydrory-4!:4:5-trimethozry-2-benzoylbenzoic Acid, 


MeO (oH co Hy NoMe 
——CO—. \ OMe’ 


2 

A satisfactory yield of this condensation product is obtained 
under the following conditions. m-Hemipinic anhydride (3 grams) 
is mixed with resorcinol dimethyl ether (4 grams) in a large test- 
tube, the mixture is then heated to 150°, and aluminium chloride 
(6 grams) added all at once. A vigorous action sets in, and a violet 
aluminium compound separates, and, after remaining until cold, 
the compound is decomposed by heating with water on the water- 
bath. 

The product is extracted several times with ether, the ethereal 
solution well agitated with sodium carbonate, the aqueous layer 
is then separated, boiled until free from ether, cooled, and 
acidified. 

After collecting at the pump, the chalky yellow precipitate is 
purified by boiling with much water, filtering, and allowing to cool, 
and the pale yellow powder is then dried over sulphuric acid in an 
evacuated desiccator : 

0°1180 gave 0°2641 CO, and 0°0513 H,O. C=61:0; H=4°8. 

C,,H,;,0, requires C=61°4; H=4'8 per cent. 

This substance could not be obtained in a definite crystalline 
condition, and it has no definite melting point. It yields an intense 
red solution with sulphuric acid, and the shade of colour is pre- 
cisely the same as that produced by brazilinic acid under the same 
conditions; in both cases, the colour disappears on the addition of 
water. 


2-m-M econyl-5-methoxy phenol, 


Me 00/ ou 0-COr Nome: 
OF ae a: cH / JOMe * 

This substance is obtained when hydroxytrimethoxybenzoyl- 
benzoic acid (see the last section) is treated with excess of freshly- 
prepared sodium amalgam for twelve hours, care being taken, by the 
frequent addition of small quantities of dilute hydrochloric acid, 
that the liquid is always only slightly alkaline. The product is 
acidified, and the crystalline precipitate collected, washed well, and 
crystallised from ethyl acetate: 
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0°1352 gave 0°3186 CO, and 0°0622 H,O. C=643; H=5'l. 
C,,H,,0, requires C=64'5; H=5°0 per cent. 
2-m-Meconyl-5-methoxyphenol melts at 206—207°, and dissolves 
in sulphuric acid, yielding an orange-red solution, the colour of 
which does not diminish in intensity on standing. But for this 
latter fact, the reaction is identical with that shown by the lactone 
of dihydrobrazilinic acid (Trans., 1902, 81, 1039). 


Synthesis of the Lactone of Dihydrobrazilinie Acid, 
/O:CH,"CO,H 


OMe :OMe 

In carrying out this synthesis, 2-m-meconyl-5-methoxyphenol was 
mixed with a little water and an excess of chloroacetic acid, and 
enough concentrated aqueous potassium hydroxide was added to 
make a clear solution. 

The whole was then boiled for half an hour, small quantities of 
concentrated aqueous potassium hydroxide being added from time 
to time, so that the liquid was always distinctly alkaline. When 
the product was cooled and acidified, a chalky powder separated, 
which was collected, washed well, and crystallised several times 
from dilute acetic acid: 

0°1219 gave 0°2724 CO, and 0°0540 H,O. C=60°9; H=4°9. 

Ci9H;,0, requires C=61'0; H=4'8 per cent. 

That this substance is identical with the lactone of dihydro- 
brazilmic acid, which is produced when brazilinic acid is reduced 
with sodium amalgam (Trans., 1902, 81, 1038), is proved by the 
above analysis and the following properties of the synthetical 
substance. 

It melts at 227°, crystallises in minute balls of needles, and dis- 
solves in sulphuric acid with a deep red colour, which rapidly fades 
and becomes pale yellow. Moreover, a mixture of equal quantities 
of the synthetical lactone and the lactone from brazilinic acid melts 
at the same temperature as the components. 
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Synthesis of Brazilinic Acid, 
O-CH,°CO,H 
MeO’ \“ ; ' 


hed 
MeO OMe 

When a mixture of m-hemipinic anhydride (3 grams) and ethyl 
3-methoxyphenoxyacetate is diluted with carbon disulphide and 
digested on the water-bath with aluminium chloride (10 grams) for 
half an hour, a red aluminium compound is produced. The carbon 
disulphide is decanted, the compound is decomposed by water (50 c.c.), 
and concentrated aqueous potassium hydroxide added until solution 
is complete. After warming on the water-bath for a few minutes, 
boiling water (500 c.c.) is added, the alkaline solution acidified, and 
allowed to remain in a cool place for some days. The small quantity 
of precipitate which will have separated is collected and crystallised 
several times from dilute acetic acid, when a colourless, crystalline 
substance is obtained, which melts at 208—209° and consists of 
brazdinie acid, since when mixed with brazilinic acid obtained by 
the oxidation of trimethylbrazilin (Trans., 1902, 81, 1030) no 
alteration in melting point could be detected. The synthetical acid 
also dissolved in sulphuric acid with the red colour so characteristic 
of brazilinic acid. 


Synthesis of the Lactone of Dihydrohaematozylinic Acid, 


MeO 
0:CH,°CO,H 
Meo” a 


Ag ~ 


sq 
A 
MeO OMe 


This interesting synthesis was accomplished under the following 
conditions. m-Hemipinic anhydride (3 grams) and _ pyrogallol 
trimethyl ether (4 grams) were melted together and allowed to cool 
until the temperature was 150°. Aluminium chloride (8 grams) 
was then added, when a vigorous reaction ensued, and, as soon as 
this had moderated, the deep red aluminium compound which had 


516 BRAZILIN AND HAMATOXYLIN. PART VIII. 


separated was decomposed by water and the product extracted 
several times with ether. 

The ethereal solution was extracted with sodium carbonate, and 
the alkaline extract left in contact with an excess of freshly- 
prepared sodium amalgam for four hours and then acidified. The 
brown precipitate was collected, dissolved in potash solution, and 
boiled with an excess of chloroacetic acid for ten minutes, care 
being taken that the liquid always remained alkaline. After 
acidifying, the gelatinous precipitate was collected, washed 
well, and crystallised from dilute acetic acid with the aid of 
animal charcoal, when the pure substance separated as a voluminous 
mass of slender needles. Careful comparison showed that this sub- 
stance was the lactone of dihydrohaematoxylinic acid. It melted 
at 192°, and the same melting point was observed when it was 
mixed with a specimen of the lactone which had been prepared 
from hematoxylin (Trans., 1902, 81, 244). Furthermore, the syn- 
thetical lactone dissolved in sulphuric acid with a red colour, which 
became salmon-pink on standing, and, on warming, the colour 
changed to red, then to violet, and finally to brown. 

This reaction is characteristic of the lactone of dihydrohematoxy- 
linic acid. 


Oxidation of w-Trimethylbrazilone to 2-Carboxy-4 :5-dimethozy- 
phenylacetic Acid. 


It has been pointed out that y-trimethylbrazilone is produced 
when trimethylbrazilone is dissolved in concentrated sulphuric acid 
(Herzig, Ber., 1904, 37, 631), and, in order to obtain some evidence 
of its constitution, its behaviour on oxidation with permanganate 
was investigated. Pure y-trimethylbrazilone (as obtained after 
repeated recrystallisation from ethyl acetate) was dissolved in dilute 
sodium carbonate, mixed with much powdered ice, and then a 1 per 
cent. solution of permanganate slowly run in, the whole being 
vigorously stirred by a turbine. The colour of the permanganate 
disappeared instantly at first, and, when no further reduction took 
place and the pink colour remained, the excess was removed by 
adding a little sodium sulphite and the whole heated to boiling. 

The filtrate and washings of the manganese precipitate were 
evaporated to a small bulk, acidified, saturated with ammonium 
sulphate, and allowed to remain for two days, when a crystalline 
acid separated in quantity. This was collected, recrystallised from 
water, and the stout needles thus obtained analysed, with the 
following result: 

0°1341 gave 0°2714 CO, and 0°0617 H,O. C=55°2; H=5'l. 

C,,H,,0, requires C=55°0; H=5'0 per cent. 
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This acid melted at 214—215°, and was found to be 2-carbory- 
4:5-dimethoryphenylacetic acid (Trans., 1902, 81, 1028; 1907, 91, 
1082). 


The authors wish to state that much of the very heavy expense 
entailed in carrying out these experiments has been met by repeated 
grants from the Government Grant Committee of the Royal Society 
and from the Chemical Society. 

THE UNIVERsITY, 
MANCHESTER. 


XLVIIl.—The Crystal Form of Halogen Deriwatives of 
Open-chain Hydrocarbons with Reference to the 
Barlow-Pope Theory of Structure. 


By Frans Maurits Jarcer, Ph.D. 


THE results of a series of crystallographic investigations detailed below 
furnish a striking demonstration of the power which the Barlow-Pope 
theory gives us of foreseeing those geometrical analogies which, accord- 
ing to the theory (Trans., 1906, 89, 1675; 1907, 91, 1150), should 
exist between the crystalline forms of constitutionally-related sub- 
stances. A direct indication is thus obtained of the correctness of 
Barlow and Pope’s fundamental hypothesis which can be denied only 
by those who attribute to the theory too wide a scope or who make for 
it claims which do not result from its premises. The theory is not to be 
regarded as affording an explanation of valency, as a substitute for the 
theory of structure of organic chemistry, nor as furnishing an indica- 
tion of the occurrence or non-occurrence of miscibility among solid 
phases. In my opinion, its value lies in the fact that it enables us, by 
means of a simple hypothesis, to foresee the geometrical forms and 
parameters of crystalline substances, and to point out beforehand the 
geometrical relationships existing between certain substitution deriva- 
tives of homologous series. 

If applied within the limits just defined, the theory is, I think, 
capable of rendering very valuable service in connexion with chemico- 
crystallographic investigation. That the possibility of unlimited 
miscibility in the solid state does not necessarily follow from the 

_ geometrical relationships resulting from the application of the theory, 
appears from the established fact that the halogen derivatives of 
hydrocarbons discussed in the present paper exhibit extremely slight 
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or no miscibility, although their crystalline forms are very closely 
related. 

Similarly, the new theory does not explain the difference in velocity 
of growth in corresponding directions exhibited by all these substances. 
The single fact, however, that the geometrical analogies which the 
theory indicates as existing between the substances dealt with have 
been experimentally discovered, is a striking proof of the correctness 
of the principles on which it is based. 

As instances of the occurrence of crystallographic analogy between 
related substances which differ in valency volume by an even number 
of units, Barlow and Pope have quoted, amongst others, the known 
similarity in crystalline form between calcite and sodium nitrate and 
between aragonite and potassium nitrate (Trans., 1906, 89, 1732). To 
these instances, I would add the following. The hexagonal iodoform, 
CHI,, with a :¢=1 : 1:1084 (Pope, Trans., 1899, 75,46), and phosphorus 
tri-iodide, with a:¢c=1 : 1°1009 (Nordenskiéld, Bihang K. Svenska Vet.- 
Akad, Handl., 1874, 2, 2), show a close crystallographic resemblance, 
as Bruni has already remarked (Ahrens’ Vortrdge, 1901, 6, 44),and are 
related through the second geometrical property stated by Barlow and 
Pope ; I have found, further, that the two substances are miscible toa 
considerable extent one with the other in the solid state. The same 
kind of morphotropic relationship indicated by the theory exists 


between benzylideneaniline and stilbene and between dibenzyl and 
benzylaniline (Jaeger, Proc. K. Akad. Wetensch. Amsterdam, 1905, 8, 
466). 

A further case of the same kind may be briefly described. From 
the theory, it is to be foreseen that analogy of form should exist 
between : 


J AN 
6'280 sw 6 30 SNa 
V V7 
Saccharin. Phthalimide. Anthranilic acid. 

Between the first two, in which the groups *SO,° and *CO-, both of 
valency volume 6, are interchanged, the relationship should be very 
distinct, whilst anthranilic acid should be less closely related to them ; 
the latter substance should, indeed, be related to the former much as 
o-sulphobenzoic acid is related to its two chlorides (Barlow and Pope, 
Trans., 1906, 89, 1734). 

After many fruitless attempts, I succeeded in obtaining phthalimide 
in very lustrous, colourless needles belonging to the monosymmetric 
prismatic system (Zeitsch. Kryst. Min., 1907, 44, 61). The axial 
ratios are : 

@:b6:c=1:4913:1: 0°4967, B=91°18'40", 


and there is a very perfect cleavage on {100}. 
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The corresponding values for saccharin are : 
a@:6:c=1'3565:1:0°4298, B=94°3’, 
and there is also a perfect cleavage on {100}. These two substances thus 
exhibit a remarkably close morphotropic relationship. 

Anthranilic acid crystallises in the orthorhombic bipyramidal 
system with a:b:c=0°5959:1:1'2901 (Haushofer, Zeitsch. Kryst. 
Min., 1879, 1, 505), and my own measurements confirm these axial 
ratios. For the calculation of the. equivalence parameters, 3¢/2 is 
taken, just as was done in the case of saccharin by Barlow and Pope. 
The table of equivalence parameters of substances related to saccharin 
given by these authors (loc. cit., p. 1734) can now be completed by the 


following additions : 

a 
2°5183 : 3°6857 : 4°7521 
2°4623 : 3°3022 : 4°9197 
2°2612 : 3°7945 : 4°8952 


A complete verification of the facts foreseen by the aid of the new 
theory is thus obtained by the experimental study of this series of 
substances. 

The crystallographic results detailed below, obtained by the 
examination of a number of halogen derivatives of aliphatic hydro. 
carbons, speak even more strongly than the above in favour of the 
theory. In accordance with Barlow and Pope’s method of formulation, 


the assemblage representing methane should, by operations carried out 
with the aid of the first and second geometrical properties, be con- 
vertible into the assemblage representing any halogen derivative of 
any open-chain hydrocarbon. These operations, further, should be 
comparatively simple ones, so that, without discussing the precise form 
of the assemblage in each individual case, it would be anticipated 
that close morphotropic relationships should exist between the sub- 
stances in question. 

Prof. van Romburgh has been kind enough to supply me with the 
three bromine additive products of the triply unsaturated 1 :3:5-hexa- 
triene, CH,-CH*CH:CH’°CH:CH, ; of these, I have measured the 
crystals of the di- and tetra-bromide, but have not yet succeeded in 
obtaining the hexabromide in measurable form. I have also measured 
crystals of tetraiodoethylene, C,I,, and the symmetrical tetrabromo- 
B8-dimethylpropane, C(CH,Br),. All these substances, as the theory 
indicates, exhibit very close morphotropic relationships, although con- 
siderable differences in external habit are to be noted. 

In accordance with the symmetrical character of the methane 
molecule, the assemblage representing this hydrocarbon must possess 
cubic marshalling ; consequently, it is found that carbon tetraiodide 
crystallises in the cubic system. The cubic marshalling of the cubic 
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assemblage should be retained if such a substitution is performed on it 
as converts it into the assemblage representing BB-dimethylpropane ; 
it is therefore to be expected that tetrabromo-88-dimethylpropane 
would crystallise in a cubic or a pseudo-cubic form, in addition to 
presenting morphotropic relationships to other fatty halogen deriva- 
tives which would themselves not be expected to exhibit cubic 
marshalling. 
Tetrabromo-BB-dimethyl propane. 


Tetrabromo-88-dimethylpropane, melting at 163°, crystallises from 
light petroleum in small, colourless needles possessing a penetrating, 
unpleasant odour. The crystals do not yield very good measurements, 
and are frequently twinned on {100}, just as the crystals of tetraiodo- 
ethylene are often twinned on {001}. The form {100} is predominant 
and very lustrous, c{001} and 7{102} are about equally developed and 
give good reflections, whilst g{012} is small. 

Crystal system : monosymmetric prismatic : 

a@:b6:c=2°2766: 1: 3°6486, B=67°7'30" : 

Angle. Measured. Cale. Angle. Measured. Cale. 
100: 001 = 67° 730" — a@:7 = 100: 102 = 65°56’ 66° 80” 
001 :012 = 5915 0 — a@:q = 100:012 = 7844 78330 
001: 102 = 46 4430 — 

The extinction in the orthodiagonal zone is normally orientated, but 
the optic axial plane could not be determined. The density of the 
crystals was determined as 2°596 at 15°; the molecular volume is thus 
149°39 and the topic parameters : 

x: W:o=6°1297 : 2°6925 ; 9°8239. 

If in the above description the observed forms are so altered in 
indices that {100}, {001}, {102}, and {012} become {100}, {102}, {102}, 
and {112} respectively, the axial ratios become : 

a:b:c=1'0484:1:0°9472, B=90°44'50", 
and at the same time the distribution of forms becomes somewhat 
more symmetrical. From this mode of regarding the crystal form, it 
is distinctly seen to be pseudo-cubic, as was anticipated from the mode 
in which the corresponding assemblage must be derived from that of 


’ methane. 


On crystallising the substance from benzene, beautiful crystals of 
glassy lustre separate, which have the composition C(CH,Br),,C,H, ; 
these belong to the anorthic pinacoidal system, but could not be 
completely measured, owing to the rapidity with which efflorescence 
occurs. It was, however, established that the zone parallel to the 
longer direction of the crystals contains almost the same angles as the 
plane of symmetry zone in the crystals of the pure substance. This 
‘suggests that the benzene becomes introduced into the molecular 
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structure as a layer lying parallel to the form {010} in the mono- 
symmetric crystals (compare Barlow and Pope, Trans., 1906, 89, 
1685); it is noteworthy that the two constituents of the anorthic 
crystals have approximately the same valency volume, namely, 32 
and 30. 

Fedoroff has shown (J. pr. Chem., 1890, [ii], 42, 145) that the 
symmetrical tetrabromobutane, CH,*CBr,°CBr,°CH,, melting at 230°, 
crystallises in a stable tetragonal form, with a@:c=1:1°'28, and a 
labile orthorhombic form ; the axial ratios of the latter are a:b:c= 
1:8671 : 1 :3°478 if the forms observed by Fedoroff are taken as {110} 
and {012}. The labile form is stable at - 10°, and its morphotropic 
relationship to tetrabromo-88-dimethylpropane is at once obvious. 


1:3:5-Hexatriene Dibromide. 


This substance was first, but erroneously, described by Griner (Ann. 
Chim. Phys., 1892, [vi], 26, 381) as anorthic. The compound pre- 
pared by van Romburgh and van Dorssen (Proc. K. Akad. Wetensch. 
Amsterdam, 1906, 9, 111) by two different methods gave identical 
results ; it melts at 86°5—87°, and apparently has the constitution 
CH,-CH:CHBr-CHBr-CH:CH,. The crystals deposited from a 
mixture of ether and light petroleum consist of large, slightly 
yellow prisms or thin needles; they are very lustrous, but soon 
become blackened as the result of polymerisation on exposure to light. 
The crystals possess a penetrating, but not unpleasant, lemon-like 
odour ; they often yield anomalous angular measurements, but some 
are geometrically quite simple. The forms c{001} and a{100} are 
about equally developed, and, in general, the crystals are flattened on 
{001} ; of111} is large and lustrous, s{101} is small, and {101} is 
larger and gives better reflexions. The crystal habit is elongated in 
the direction of the axis }, and the orthodiagonal zone frequently 
exhibits vicinal faces of which the indices could not be determined. 
No definite cleavage was observed. 


Crystal system: monosymmetric prismatic : 
a:b:¢=2°9021: 1: 3°3330, B = 64°40'30" : 


Angle. Measured. Calc. Angle. Measured. Calc. — 
:¢=100 : 001=64°40'30” _- a@:s=100 : 101=34° 6’ 0” 33°51’ 0’ 
: r=100 : 101=51 28 30 —_ o :r=111:101=9448 0 942830 
: ¢=111 : 001=64 54 30 — o:0=111:111=6218 0 6213 0 
:0=100:111=6327 0 63°22’ 0” e :7r=001:101=63 5630 6351 0 
: s=001 :101=34 3430 343930 8 :0=101:111=585030 585330 


Very strong conical refraction is observed through {100} and {001}; 
the optic axial plane is (010), and one optic axis emerges almost 
perpendicularly through (001). Thecrystals show very strong inclined 
dispersion with p<v; the double refraction is positive in sign. The 

M M 2 
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density of the crystals is approximately 2°131 at 18°, but the potassium 
mercuric iodide solution “used appears slightly to attack the 
material. The molecular volume is thus 112°7, and the topic para- 
meters are : 

x: ¥:o=6°8040 : 2°3445 : 78143, 

For comparison with the latter values, the data for p-dibromobenzene 
may be quoted; Boeris describes this substance as monosymmetric 
with a:b: c=2°6660: 1: 2°8358, B=67°22' (Atti R. Accad. Lincei, 
1899, 8, ii, 184). The density is 2‘220, so that the molecular volume 
is 106°3 and the topic parameters : : 


x: W: o=6°6090 : 24790 : 70299. 


1:3:5-Hexatriene Tetrabromide. 


This substance was prepared by van Romburgh and van Dorssen 
(loc. cit.) by the action of bromine on the hydrocarbon in chloroform 
solution under the influence of sunlight; it melts at 114—115°, 
and probably possesses the constitution 

CH,Br-CHBr-CHBr-CHBr-CH-CH,. 
The crystals deposited from a mixture of ethyl acetate and methyl 
alcohol consist of small, colourless needles. The forms m{110} and 


a{100} are about equally developed, c{001} is small, but easily 

measurable, and 7{102} is very small and often absent. The crystals 

are striated in the direction of the c-axis, and are frequently flattened 

upon two parallel faces of m{110}. The ratio b:c¢ could be only 

approximately determined. No distinct cleavage was observed. 
Crystal system : monosymmetric prismatic : 


a:6:c¢=3°1917 :1:3°635, B=69°!’ : 


Angle. Measured. Cale. Angle. Measured. Calc. 
e : m=001 : 110=83°27'30” — a:c =100:001 = 68°59’ 69° 1’ 
a:m=100:100=71 27 0 — m:m=110:110 = 37 4 37 4 
e:7r =001 : 102=33 44 0 -- @:r=100:102 = 7714 7715 

The extinction upon {100} is straight, and upon {110} inclined at 
about 524° to the direction of the c-axis. The optic axial plane is (010), 
and the dispersion is inclined. One optic axis is visible through {100} 
at the edge of the microscope field. The density of the crystals is 
2°362 at 15°; the molecular volume is thus 169°35, and the topic para- 
meters : 

x:W:o=7'9807 : 25005 : 9:0892. 

The crystals show in their axial ratios a close morphotropic relation- 
ship with the corresponding dibromide, and the topic parameters 
indicate that the molecular distances change considerably in the 

' directions a and ¢, and but slightly in the direction of the b-axis. 


HALOGEN DERIVATIVES OF OPEN-CHAIN HYDROCARBONS. 523 


If, in the above description, the indices of the forms {100}, {001}, 
{102}, and {110} are changed to the more symmetrical forms {100}, 
{101}, {101}, and {110} respectively, the axial ratios become : 


a@:6:¢=3°0445 :1 :0°9668, 6 =86°15'50". 


The morphotropic relation of the substance to normal hexane is seen if, 

in Negri’s description of the orthorhombic tetrabromohexane, 
CH,Br-CHBr-CH,°CH,*CHBr-CH,Br, 

in which a:b:¢ = 0°36408:1:0°37882 (Ber., 1889, 22, 2498), an 

interchange of axes is made which throws them into the form of 

b:c:@. The ax al ratios are then obtained in the form: 


a :b:c=2°6398 : 1 :0°9611, B=90°, 


values which are very similar to the transposed form of those for the 
hexatriene tetrabromide. 


Tetraiodoethylene, C,1,. 


This substance, melting at 188°, crystallises from a mixture of 
benzene, light petroleum, and a little alcohol in pale yellow, flat, 
lustrous needles. Most, although not all, of the crystals are twinned 
on c{001}, and this plane is also a direction of perfect cleavage. The 
form c{001} is the largest, and gives perfect reflexions; r{101} and 
r'{201} are smail and about equally developed, and also give good 
reflexions. The form o{111} is large and lustrous, and occasionally 
indications of the form {225} are observed. The crystals are elongated 
in the direction of the b-axis, and are flattened upon {001}. The etch- 
figures produced by a-monobromonaphthalene are in accordance with 
the symmetry adopted. 


Crystal system : monosymmetric prismatic : 
@:b:¢=2°9442 : 1: 2°4387, B =70°44'30" : 


Angle. Measured. Cale. Angle. Measured. Cale. 
a@:¢ =100 : 001=70°44’30” _ : 7 =001 : 101=60°52’30" 60°52’30” 
:0 =001 : 111=79 5030 ~_ 
:7”=001 : 201=84 330 _ 
:0 =111:111=4227 0 42°29’30” 


c 

r:r’=101 :201=2311 0 2311 0 
o:7r=111:101=68 4630 68 4530 
0:a=111:100=7613 0 76 4 0 


The extinction in the orthodiagonal zone is normally orientated, 
but the optic axial plane could not be determined. The density of the 
crystals is 2°983 at 20°; the molecular volume is thus 169°66, and the 
topic parameters are x : y : w= 7°6803 : 2°6087 : 89701. 

In the case of this substance, also, a close morphotropic relationship 
is observable with the preceding halogen derivatives. 
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As a result of the foregoing investigation, it is to be concluded that 
the analoyies of crystalline form amongst the substances concerned, 
which are indicated by the theory of Barlow and Pope, have actually 
been observed. 


ZAANDAM, 
HOLLAND. 


XLVIII.—The Residual Affinity of the Coumarins and 
Thiocoumarins as shown by their Additiwe Compounds. 


By ArtHur CiaytTon, B.Sc. 


Coumarin, the lactone of o-coumaric acid, possesses in a marked 
degree the property of yielding additive compounds with reagents 
of very diverse types, and in this respect is distinguished from the 
lactones in general, which do not as a class exhibit this feature to any 
great extent. 

The earliest known additive compound of coumarin was the di- 
bromide discovered by Sir W. H. Perkin (Annalen, 1871, 157, 116), 
and afterwards again examined by Ebert (Annalen, 1884, 226, 348). 
The results obtained by these investigators render it certain that the 
bromine is attached, not to the carbon atoms united by unsaturated 
linking, but either to the oxidic or the ketonic oxygen. This is 
shown by the ease with which the halogen is entirely eliminated. If 
the ordinary lactonic constitution for coumarin be accepted, this 
dibromide might be represented by formula I, whilst the alternative 
configuration suggested by Morgan and Micklethwait (Trans., 1906, 
87, 868) would lead to formula IT: 


Br 
i ‘OH: ean” 0S; tes: CH-C 
L. II. 


0 <— 


Coumarin combines additively with the metallic oxides and hydr- 
oxides, as was shown long ago by R. Williamson (Jahresber., 1875, 
587), these compounds generally conforming to the types C,H,0,,2ROH 
and C,H,U,,R,0, where R is an alkali metal. The next observation 
of the combining proclivities of coumarin is due to Ebert, who found 
(loc. cit.) that the lactone dissolved easily in concentrated hydro- 
bromic acid, the solution furnishing a hydrobromide, which, however, 
was so unstable that it could only be preserved at low temperatures, 
and was therefore not analysed. : 

By employing concentrated hydrochloric acid as the solvent and 
then adding a strong solution of chloroplatinic acid, Morgan and 


— ~ a ie 


Sa FF Pe we 
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Micklethwait (ibid., p. 863) obtained a crystalline platinichloride, 
40,H ,O,,H,PtCl,,4H,O, to which they gave the graphic formula 
HO‘C,H,0,H,O 
fi>Pe /E1-Cl—0:0,H,0, H,0 
\o1:¢1—-0:C,H,0,H,0 
HO:C,H,0,H,0 
where C,H,O is the coumarin residue, excluding the oxygen atom, 
which becomes quadrivalent in the formation of the double salt. 
These authors (/oc. cit.) also obtained a cobalticyanide of a more 
normal type, which has a composition corresponding with the formula 
30,H,O,,H,Co(CN),,3H,0. 

In the experiments described in this paper, the investigation has 
been extended to the homologues and the sulphur analogues of 
coumarin, and in most cases it has been found possible to demonstrate 
the existence of additive compounds, either of the oxonium types 
or produced by the union of the lactone itself with a metallic salt. 


Coumarin and Thiocoumarin. 


Coumarin Mercurichloride.—Coumarin and mercuric chloride in 
equimolecular proportion were dissolved in the smallest possible 
quantity of ether and mixed together. On leaving the mixture for 
one or two days, the mercurichloride separated in long, colourless 
needles which melted at 164—165° : 


08590 gave 05782 AgCl. Cl=16°65. 

06381 ,, 03712 HgS. Hg=46-84. 

C,H,0,Cl,Hg requires Cl=17:03 ; Hg = 47°96 per cent. 

Recrystallisation was not found to be advisable, as the affinity 
between the generators is so slight that dissociation readily occurs. 
As an instance of the feebleness of the union, it was found that 
aniline mercurichloride slowly separated on mixing ethereal solutions 
of aniline and coumarin mercurichloride. 

Thiocoumarin, prepared by Tiemann’s method (Ber., 1886, 19, 1661), 
is generally obtained in dark brown needles, rather difficult to purify 
by recrystallisation. The substance can, however, readily be purified 
by boiling its benzene solution for several hours with copper powder 
and subsequently crystallising from alcohol, when it possesses a 
brilliant, golden-yellow colour. This method of purification mereases 
the yield of pure thiocoumarin from 50 to 80 per cent. (compare 
Tiemann, Joc. cit.). 

Thiocoumarin mercurichloride was prepared by mixing an equimole- 
cular proportion of thiocoumarin and mercuric chloride in ethereal 
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solution. A yellow powder immediately separated, and the liquid 
became quite colourless. The mercurichloride is very insoluble in 
ordinary solvents, boiling nitrobenzene being the only liquid which 
appears to exert any solvent action. The substance is decomposed 
when suspended in water and treated with hydrogen sulphide, thio- 
coumarin being liberated. On analysis, the mercurichloride gave 
numbers approximating to those required by the formula 
C,H,O8,HgCl,. 


7-Methylcoumarin and 7-Methylthiocouwmarin.* 


7-Methylcoumarin Mercurichloride.—The combination of the genera- 
tors of this substance resulted from their admixture in ethereal 
solution. As in the case of coumarin mercurichloride some time 
elapses before crystallisation sets in, attempts at rapid crystallisa- 
tion always resulting in the separation of an impure product, 
When once the compound has been prepared, however, crystallisation 
may be effected much more rapidly. It forms long, colourless needles 
soluble in ether, benzene, chloroform, and to some extent in water, and 
from each of these solvents the substance may be recovered unchanged, 
but, being even more unstable than coumarin mercurichloride, 
recrystallisation was not found useful as a means of purification. The 
crystals first formed melted very definitely at 170°: 

0°4099 gave 0'2575 AgCl. Cl=15°54. 

C,,H,0,Cl,Hg requires Cl= 16°47 per cent. 

7-Methyleoumarin Cobalticyanide.—One gram of 7-methyleoumarin 
was dissolved in concentrated hydrochloric acid; the solution was 
cooled as rapidly as possible to prevent crystallisation, and then added 
to an excess of cobalticyanic acid prepared according to von Baeyer 
and Villiger’s directions (Ber., 1901, 34, 2687). The compound separ- 
ated as a white, crystalline powder, and after several days the mother 
liquor yielded colourless cubes of the same substance. After filtration, 
the powder was washed with dilute hydrochloric acid, and dried at the 
ordinary temperature as water of crystallisation was evolved at 100°: 

0-6456 gave 0:1058 H,O. H,O=16°39. 

0°8030 ,, O1118 Co. Co=13°92. 
C,,H,0,,H,Co(CN),,4H.O requires H,O = 16°00 ; Co=135:11 per cent. 

7-Methylcoumarin platinichloride was not prepared in the pure state, 


* In this paper the notation is in accordance with the numbering indicated in 
1 
s O 


7 CO ? 
the formula | Pa. 
CH 3 


6\47\Z 
5 CH 


4 
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but on mixing concentrated solutions of 7-methylcoumarin and chloro- 
platinie acid in concentrated hydrochloric acid, yellow crystals con- 
taining platinum separated. These were instantly decomposed by 
moisture. 

7-Methylthiocowmarin.—The preparation of this compound was 
effected by heating an intimate mixture of equal weights of 7-methyl- 
coumarin and phosphorus pentasulphide to 120° in a paraffin-bath 
until the mixture had been molten for seven minutes. The powdered 
mass, after extraction with benzene and subsequent crystallisation 
from alcohol, was treated with copper powder, and then appeared as 
glistening, golden-yellow leaflets melting at 125—126°: 

0°1664 gave 0°2243 BaSO,. S=18-51. 

©,)H,OS requires S=18°18 per cent. 

On shaking a solution of the thiocoumarin in benzene with yellow 
mercuric oxide, 7-methylcoumarin was regenerated, thus proving the 
constitution of the substance. 

7-Methylcoumarinoxime.—This substance was obtained by heating 
equal molecules of sodium hydroxide, 7-methylthiocoumarin, and 
hydroxylamine hydrochloride in alcoholic solution for two days. The 
product, when poured into water, yielded an emulsion which soon 
furnished the solid oxime. This was collected and crystallised from 


boiling water, from which it separated in white needles melting at 
178°: 


0°2664 gave 17°85 c.c. nitrogen at 20° and 773 mm. N=7°77. 
C,,H,O,N requires N = 8-00 per cent. 

The substance is less soluble in water than coumarinoxime. 

7-Methylcoumarinphenylhydrazone.—An alcoholic solution of equal 
molecules of 7-methylthiocoumarin and phenylhydrazine was boiled 
until no more hydrogen sulphide was evolved, the operation requiring 
about four days. On cooling the solution, yellowish-brown needles 
were obtained, which, after three crystallisations from alcohol, melted 
at 139°: 

0°2635 gave 25°8 c.c. nitrogen at 20° and 773 mm. N=11°36. 

C,,H,,ON, requires N= 11-20 per cent. 

7-Methylcoumarin mercurichloride, prepared in the same way as 
coumarin mercurichloride, was obtained as a yellow powder very 
similar to the latter substance : 

05207 gave 0°3439 AgCl. Cl=16:34. 

C,,H,OSCl,Hg requires Cl = 15°88 per cent. 

The compound decomposes without melting, and regenerates 

7-methylthiocoumarin when treated with hydrogen sulphide. 
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4: 7-Dimethylcoumarin and 4 : T-Dimethylthiocoumarin. 


4:7-Dimethylcoumarin Mercurichloride.—The combination of mer- 
curic chloride and 4:7-dimethylcoumarin was effected by a method 
similar to that used for the preparation of 7-methylcoumarin 
mercurichloride. The substance, which was produced more readily and 
more plentifully than the latter compound, forms beautiful, white 
needles, crystals two inches and more in length being easily obtained. 
Its behaviour towards solvents is very similar to that of 7-methyl- 
coumarin mercurichloride, and although more stable than this com- 
pound it appears in its purest form before crystallisation, when it 
melts very definitely at 175°. Two or three ceystallisations did not 
noticeably change the melting point : 

0°7226 gave 0°4414 AgCl. Cl=15'12. 

0°4855 ,, 02456 HgS. Hg=43°61. 

C,,H,,0,Cl,Hg requires Cl= 15-95 ; Hg = 44-94 per cent. 

4:7-Dimethylcoumarin cobalticyanide was obtained by adding a 
solution of 4:7-dimethylcoumarin in concentrated hydrochloric acid 
to an excess of cobalticyanic acid in the same solvent. The white, 
microcrystalline product was much more easily and plentifully obtained 
than the corresponding compound of 7-methyleoumarin. As it could 


not be recrystallised without decomposition, the substance was washed 
with dilute hydrochloric acid and dried. It was found to lose weight 
at 100°, and in order to prove that this loss was due to the elimination 
of water and not to the evolution of gases containing nitrogen, the 
cobalt was estimated in the substance before heating and the nitrogen 
after three hours’ heating in a steam-oven : 


0°8784 gave 0°0908 H,O. H,O=15°72. 
0°6331 ,, 00815 Co. Co=12°87. 
C,,H,,0,,H,Co(CN),,4H,O requires H,O = 15°52 ; Co=12°72 per cent. 


0:2103 of the anhydrous substance gave 40-0 c.c. nitrogen at 21° 
and 757 mm. N = 21°64. 
C,,H,,0,,H,Co(CN), requires N = 21°43 per cent. 


4: 7-Dimethylcoumarin platinichloride was not obtained in the pure 
state, but yellow crystals were formed which melted indefinitely 
between 160° and 170°, and on analysis were found to contain 22°5 
per cent. of platinum. The oxonium salt was immediately decom- 
posed by water, and even by concentrated hydrochloric acid, with the 
liberation of 4:7-dimethylcoumarin, but was recrystallised from a 
concentrated solution of platinic chloride in the latter solvent. Since 
it was not found possible to wash the crystals without decomposing 
them, data for the establishment of a formula could not be obtained. 
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4: 7-Dimethylthiocoumarin resulted when 4 : 7-dimethylthiocoumarin 
was subjected to the same treatment as that employed for the con- 
version of 7-methylcoumarin into its sulphur analogue ; it crystallised 
from alcohol in dark needles which, after eleven crystallisations, were 
obtained with a greenish-yellow colour, which was not noticeably 
changed by treatment with copper powder. Like its homologues, it 
yields the corresponding coumarin when treated with yellow mercuric 
oxide. The pure substance melts at ]18—119°: 

"3045 gave 0°3789 BaSO,. S=17:09. 

C,,H,,OS requires S= 16°80 per cent. 

It was noticed throughout that there was a strong tendency for the 
thiocoumarins to give on analysis a high percentage for sulphur, and 
that this extra sulphur was retained with considerable persistency 
through several successive crystallisations. This property was especially 
marked in the case of 4: 7-dimethylthiocoumarin, which after three 
crystallisations from alcohol yielded 21 per cent. of sulphur, thus 
making it appear likely that the sulphur is united to the thiocoumarin 
by some weak affinity. These loosely combined sulphur compounds 
can generally be removed hy the treatment with copper powder 
mentioned on page 525. 

4: 7-Dimethylcoumarinoxime was obtained by the same method as 
that used for the preparation of 7-methylcoumarinoxime ; it is less 
soluble in water than the latter compound, but separates from a 
mixture of alcohol and water in fine, white needles melting at 179° : 

0°3377 gave 21°4 c.c. nitrogen at 19° and 748 mm. N=7'17. 

C,,H,,0,N requires N=7-41 per cent. 

4 : 7-Dimethylcoumarinphenylhydrazone, prepared in the same 
manner as 7-methylcoumarinphenylhydrazone, forms golden-brown 
needles melting at 99—100° : 

0°1947 gave 18°8 c.c. nitrogen at 22° and 762 mm. N=10°97. 

C,,H,,ON, requires N = 10°61 per cent. 
4:7-Dimethylthiocoumarin Mercurichloride.—The addition of the 
generators of this substance is effected by their admixture in ethereal 
solution. The product forms a yellow, amorphous powder with great 
readiness, and behaves towards solvents like thiocoumarin mercuri- 
chloride. Hydrogen sulphide regenerates 4 : 7-dimethylthiocoumarin : 


0°1466 gave 0:0934 AgCl. Cl=15°78. 
C,,H,,OSCl,Hg requires Cl = 15°40 per cent. 


3:4: 7-Trimethylcoumarin and 3 : 4 - 7-T'rimethylthiocoumarin. 


3:4:7-Zrimethylcoumarin mercurichloride, obtained by the general 
method of preparation, separated from ether in a rather ill-defined, 


530 CLAYTON : THE RESIDUAL AFFINITY OF THE 


felt-like mass, totally different in appearance from the other mercuri- 
chlorides. Analysis gave numbers which approximated to those 
required by the formula C,,.H,,0,,HgCl,. 

3:4:7-Trimethylcoumarin cobalticyanide was obtained with some 
difficulty by the method already employed, and presented the same 
features as the other cobalticyanides, being difficult to obtain in a 
state approaching purity. Data were obtained which indicated the 
formula C,,H,,0,,H,Co(CN), for the anhydrous substance. 

3:4:7-Trimethylcoumarin platinichloride was not prepared in the 
pure state, but indications of its existence were obtained. 

3:4: 7-Trimethylthiocoumarin.—The preparation of this substance 
proceeded smoothly by the general method, the compound being 
finally obtained in very brilliant reddish-yellow needles melting 
at 124—125°: 


0°3114 gave 0°3731 BaSO,. S=16-46. 
C,,H,,0S requires S= 15°69 per cent. 


The product has the general properties and solubilities of the 
thiocoumarins. 

3:4:7-Trimethylcoumarinoxime results from the interaction of 
equimolecular proportions of 3:4:7-trimethylthiocoumarin, sodium 
hydroxide, and hydroxylamine hydrochloride. It is much less soluble 
than 4:7-dimethylcoumarinoxime, but crystallises from alcohol in 
needles melting at 198°: 


0'2099 gave 11°4 c.c. nitrogen at 9° and 770 mm. N=6°61. 
C,,H,,0,N requires N = 6°89 per cent. 


3:4: 7-Trimethylcoumarinphenylhydrazone was obtained in beautiful 
yellow needles by the general method of preparation. It may be 
crystallised from alcohol, and melts“at 135° : 


0:2020 gave 18°3 c.c. nitrogen at 19° and 735 mm. N=10°02. 
C,,H,,ON, requires N = 10-07 per cent. 


General Conclusions. 


(1) The homologues of coumarin may be converted into the corre- 
sponding thiocoumarins by treatment with phosphorus pentasulphide 
and these thiocoumarins, when purified from adherent sulphur com- 
pounds, exhibit a distinct yellow colour, in this respect differing from 
the coumarins which are colourless. 

(2) Coumarin and its homologues and its sulphur analogues give 
.Yise to additive compounds with mercuric chloride in which the 
reagents combine in molecular proportion. In the case of the oxy- 


i = SS 


————————— 
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compounds, one of the following formule (III and IV) may be 
adopted. 
CoH, oe rs OH, HgCl 
CH:CH:CO 0< CH: CH: >< 
(III.) (IV. 


C.H,——_ HgCl 
CH: CH: 0s? <1 
(V.) 

(3) In the case of the thiocoumarins, it is probable that a formula 
of the former type is more appropriate. Thiocoumarin mercurichloride 
would thus have the constitution indicated by formula V. This view 
is confirmed by the fact that the thiocoumarins differ from the 
coumarins in their behaviour towards hydroxylamine and phenylhydr- 
azine. These compounds, although regarded as agents for the 
detection of the carbonyl group, do not react with the coumarins 
(Tiemann, Ber., 1886, 19, 1663), whereas condensation does occur 
with the thiocoumarins, leading to the production of the coumarin 
oximes and the coumarinphenylhydrazones (VI and VII): 


.H,-0 C,H,-0 
oH ON OH Giro ON NH-O,H, 


(VI.) (VII.) 
(4) The negative results with the coumarins themselves support 


the view that in these lactones the ketonic group no longer exists 
as such, being modified in the sense indicated by formula VIII. On 
the other hand, the oxime and phenylhydrazone condensation which 
occurs with the thiocoumarins justifies the belief that the thio- 
compounds contain the thiocarbonyl group as represented by 
formula IX : 

07 H,— 07 H,-O 

CH: OH: ‘Ho On: HO: 

(VIII.) (IX.) 

The marked colour difference between the coumarins and thio- 
coumarins may also be regarded as subsidiary evidence that they are 
differently constituted, for the coumarins are all colourless substances, 
whilst the thiocoumarins without exception have a distinctly yellow 
or orange colour. ; 

The constitutional formule assigned to the additive compounds 
of the coumarins and thiocoumarins are based on one assumption, 
namely, that oxygen exhibits quadrivalency, more particularly towards 
the halogens or towards compounds containing the halogens. This 
supposition is in accordance with the general behaviour of oxygen and 
the halogens in both their inorganic and organic compounds. 


RoyAu CoLLEeGE oF SCIENCE, LONDON, 
SoutTH KENSINGTON. 
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XLIX.—Colour and Constitution of Azomethine 
Compounds. Part I. 


By Frank GeorGeE Pope. 


In a paper recently communicated to the Society by Hewitt and 
Mitchell (Trans., 1907, 91, 1251), it was shown that the nitroazo- 
phenols and naphthols on treatment with alkalis gave salts, which in 
the case of the para-nitrated compounds exhibit absorptions of a type 
radically different from that shown by the phenol or naphthol itself, 
except where a group has been introduced into the molecule which, by 
virtue of its character and position, prevents the formation of a di- 
quinonoid structure. The authors, considering that a change in the 
absorption spectrum of a compound when it undergoes transformation 
into a salt generally points to a radical alteration of constitution, 
formulate the free azophenols and their alkali salts as follows: 


nod SNinN’ » nf NSineni’ Yio 
se D ~ pam I pe 

Since the azomethine (‘N:CH*) grouping shows a considerable 
likeness to the azo- (*-N:N-) grouping in many respects, it seemed 
probable that a similar change might be observed in the compounds 
where such a grouping existed, and this investigation was undertaken 
to ascertain if such were the case. Very little appears in the current 
chemical literature concerning the difference between the azomethine 
compounds and their salts. Méhlau (Ber, 1898, 31, 2260) has 
prepared such compounds by the condensation of 5-aminosalicylic acid 
and the three nitrobenzaldehydes, and has noted that the substances 
are yellow, and, in the case of the ortho- and para-nitro-compounds, 
give orange-yellow solutions with sodium hydroxide. Sachs (Ber., 
1907, 40, 3230) has also prepared similar compounds by condensing 
2 : 4-dinitrobenzaldehyde with various aminonaphthols, and has noted 
that in the cases of the 4:1-, 5: 1-, and 8 : 2-aminonaphthols, on the 
addition of a caustic alkali, the solutions become deep blue or violet, 
the free anhydro-substances giving reddish-brown or orange-red 
solutions in alcohol. 

It was found during the course of the present investigation that the 
absorption spectra of the free azomethine compounds and of their 
alkali salts were very different in character, and consequently the 
same assumption is made in the case of the nitrated azomethine 
compounds as in that of the similarly constituted nitroazophenols, 
namely, that the transformation of the nitroazomethine structure to 
the isonitroisoazomethine form is accompanied by a change in the 
oscillation-frequency of the molecule ; absorption bands appear in the 
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violet or blue end of the spectrum with the result that the solutions 
appear red or reddish-brown by transmitted light. This is rendered 
clear by comparing the absorptions of benzylidene-p-aminophenol and 
4-nitrobenzylidene-p-aminophenol. In alcoholic solution (1/100), the 
violet and blue are absorbed as far as wave-lengths 455 and 482 py 
respectively, but, on the addition of potassium hydroxide, the solution 
of the former shows absorption extending as far as 473 pp and the 
latter as far as 622 yp, being continuous from the ultra-violet into the 
visible spectrum ; moreover, the solution changes from pale orange- 
yellow to a deep reddish-brown. The potassium salts of these 
compounds may thus be represented as : 
Fae TE os 4 Fae ea, OO 

KOK NOH > and Ox{ _>:N CH: >INO,K. 

It is to be noted that Sachs’ 2’ : 4’-dinitrobenzylidene-4-amino-a- 
naphthol, like p-nitrobenzeneazo-a-naphthol (Meldola, Trans., 1885, 
47, 661; Bamberger, Ber., 1895, 28, 848), forms reddish-brown 
crystals, and gives a deep blue alkaline solution. Consequently, the 
following formula may be suggested for this compound : 


oh" 
ee 
OHN:C _ >%0, 


and similar formule for the compounds derived from the 5:1- and 
8 : 2-aminonaphthols, since it is in these positions in the naphthalene 
nucleus where the possibility of a quinonoid structure is apparent, and, 
in the 5: 2- and 7 : 2-aminonaphthol compounds where such a structure 
is precluded, Sachs found that the solutions in alkali were dark red. 


EXPERIMENTAL. 


Benzylidene-p-aminophenol, ¢ oH -N < You, 


This substance has been previously prepared by Philip (Ber., 1892, 
25, 3248), the melting point being given as 181°. On preparing it by 
condensing the components in dilute acetic acid, and recrystallising the 
product from alcohol, it separated in almost colourless needles, 
melting sharply at 183°. It gives an almost colourless solution in 
alcohol, which becomes slightly darker (very faintly yellow) on the 
addition of alkali. 

p-Nitrobenzylidene-p-aminophenol, NOC eHN : Sou. 

Equivalent weights of p-nitrobenzaldehyde and of p-aminophenol 

were separately dissolved in dilute acetic acid, the solutions mixed 


534 POPE: COLOUR AND CONSTITUTION OF 


and allowed to stand for some time. The resulting precipitate was 
crystallised from alcohol, from which small, yellowish-brown needles 
separated, melting at 168°5°. The substance gives an orange-yellow 
solution in alcohol, which, on the addition of alkali, becomes a deep 
orange-red : 
0°1612 gave 0°3793 CO, and 0°0627 H,O. C=64:17; H=4:32. 
C,;H,,O,N, requires C= 64°46 ; H=4'13 per cent. 


OH 
p-Nitrobenzylidene-o-aminophenol, NO, CHEN » 


This compound was prepared by dissolving equivalent weights of 
p-nitrobenzaldehyde and o-aminophenol separately in absolute alcohol 
and mixing the solutions. Tufts of needles separated after a short 
time. The compound was precipitated by water and crystallised from 
alcohol, being obtained in brownish-yellow needles, melting at 161°. 
Its solution in alcohol is yellow, and on the addition of alkali becomes 
orange-red : 

0°2094 gave 0°4949 CO, and 0:0794 H,O. C=64:46; H=4:21. 

C,3H,,0,N, requires C= 64°46 ; H=4:13 per cent. 


p-Nitrobenzylidene-5-aminosalicylic acid, NO, YCH:N 


Considerable difficulty was experienced in preparing this substance by 
the method given by Méhlau (Joc. cit.), since it was found that a residue 
containing sodium salts was always left after combustion. The 
difficulty was overcome by the addition of a small quantity of acetic 
acid to the solution of 5-aminosalicylic acid hydrochloride in alcohol, 
and then adding to this the solution of p-nitrobenzaldehyde in alcohol 
(containing the required amount of sodium acetate). The product 
separated in a few minutes as a brownish-yellow solid, which, when 
crystallised from dilute alcohol, in which it is somewhat sparingly 
soluble, melted (with decomposition) at 245—247° (Méhlau gives 
217—218°). Its solution in alcohol is very pale yellow, and on the 
addition of alkali it becomes dark brown. The acid gives brown 
coloured salts with heavy metals : 
0°1952 gave 0°4193 CO, and 0:0654 H,O. C=5858; H=3°72. 
©,,H,,0;N, requires C=58-74; H=3°'50 per cent. 
| Pg 
m-Nitrobenzylidene-p-aminophenol, Ri Prien 7 Ps, was 


prepared by mixing equivalent quantities of the components in warm 
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dilute acetic acid. After some time the solution was poured into 
water, and precipitate crystallised, first from dilute acetic acid and 
finally from dilute alcohol. It separates in small, brown needles, 
which melt at 154°. Its alcoholic solution is pale yellow, and on the 
addition of alkali becomes slightly darker in shade : 


0:1992 gave 0°4673 CO, and 0:0763 H,O. C=63:98; H=4:26. 
C,,H,,O,N, requires C= 64°46 ; H=4°13 per cent. 
NO, OH 
m-Nitrobenzylidene-o-aminophenol, ra pu <:> was obtained 


by condensing its components in absolute alcoholic solution. After a 
short time the solution was poured into water, and the precipitate 
crystallised from alcohol, from which it separated in fine, pale yellow, 
felted needles, melting at 135°. Its alcoholic solution is pale yellow, 
and on the addition of alkali becomes slightly darker in shade : 
0°1874 gave 0°4378 CO, and 00729 H,O. C=63°71; H=4:32. 
C,,H,,0,N, requires C = 64°46 ; H=4'13 per cent. 


~ 
"ia “alle 
o-Hydroxybenzylideneaniline, Re eu: ase he P, 

This compound has been prepared by Emmerich (Annalen, 1887, 
241, 344) and Duparc, Annalen, 1891, 266, 140). It crystallises in 
pale yellow needles, and its alcoholic solution is pale yellow. On the 
addition of alkali to this no visible change was observed. Since the 
sodium salt of this compound shows less absorption than the free azo- 
methine (see table), it might be suggested that the anhydro-compound 
in this case possesses a quinonoid structure and is to be formulated as 


0 
Cy — 
{ NNO,. 


o-Hydroxybenzylidene-p-nitroaniline, eS. ee NK a 


This compound has been previously prepared by Haarman (Jer., 
1873, 6, 339), and is described as melting at 115°. By dissolving 
equimolecular quantities of salicylaldehyde and p-nitroaniline separately 
in dilute acetic acid, and mixing the solutions, a deep orange pre- 
cipitate was obtained, which crystallised from dilute acetic acid in 
small needles melting at 159°. The preparation was repeated, and 
the same result was obtained, and a mixture of the two preparations 
also melted sharply at 159°. The substance dissolves in alcohol 


VOL. XCIII. NN 


536 POPE: COLOUR AND CONSTITUTION OF 


readily, and the dilute solution is pale yellow, but on the addition of 
alkali becomes reddish-brown in shade : 


0°1636 gave 03843 CO, and 0°0634 H,O. C=64:07; H=4:30. 
C,,H,,O,N. requires C= 64°46 ; H=4°13 per cent. 


_OH _NO, 

o- Hydroxybenzylidene-m-nitroaniline, ¢ OH:NC s was pre- 
pared by mixing equimolecular quantities of its components in dilute 
alcoholic solution. The resulting crystalline magma was filtered, and 
the substance recrystallised from absolute alcohol, from which it 
separated in pale yellow needles, melting at 132°. The alcoholic 
solution is pale yellow, and the solution remains practically unchanged 
on the addition of alkali : 


0°2020 gave 0°4794 CO, and 0°079 H,O. C=64'72; H=4:35. 
C,,H,,0,N, requires C= 64°46; H=4-13 per cent. 


p- Nitrobensylidene-4-amino-a-napihthol, ONC OHNC ol 


has been prepared by Moéhlau (Joc. cit.). It crystallisesin red needles or 
plates and the alcoholic solution on the addition of alkali becomes 
violet. 

So far as the spectroscopic observations are concerned, only the 
visible portion of the spectrum has been examined. The solutions 
examined were alcoholic, solutions of the sodium salts being prepared 
by adding a drop of 40 per cent. sodium hydroxide solution to the 
parent substance. The statement “ From 528 py onwards,” means 
that from 528 yp» onwards the blue and violet are absorbed as far as 
the visible spectrum extends. 


Absorption. 
Substance. Concentration. (Red). (Violet). 


CH: mC > V/100 From 455 wu onwards 


 - 
oe, 


om N/100 473 wu 


NOX Sou:n¢ > ae w/100 482 pu 


NaO,N: Sonn: >: eu. W100 622 py 


NV/100 463 wu 


N/100 533 up 
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Absorption. 
Substance. Concentration. (Red). (Violet). 


NV/1000 From 457 uu onwards 


N/1000 500 um 


N/100 453 py 
N/100 528 mp 
N/100 455 mu 
N/100 513 wp 


N/100 463 wu 


wn . 
‘\ Pou Nx _):NO,Na eee edece V/100 533 ME 
NV/100 465 um 
NV/100 493 uu 


NV/100 482 up 


NV/100 468 wu 


V/5000 477 wp 


Na0,N: c. _ OHNE << 0 1/5000 ~—- Band 577 to 465 yu 
> \ 
\=/ 
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L.—Some Physico-Chemical Properties of Mixtures of 
Pyridine and Water. 


By Harotp Hartiey, Nozt Garrop THomas, and 
Matcotm PercivaAL APPLEBEY. 


THe behaviour of mixtures of pyridine and water has been studied 
from various points of view by a number of authors : Goldschmidt and 
Constam (Ber., 1883, 16, 2977) determined the composition of the 
constant boiling mixture ; Zawidzki (Zettsch. physikal. Chem., 1900, 35, 
129), the total and partial vapour-pressure curves at 80°; Bredig 
(Zeitsch. Elektrochem., 1901, '7, 767), the absorption of electric waves ; 
Morgan and Kanolt (J. Amer. Chem. Soc., 1906, 28, 5721), the 
conductivity of solutions of silver nitrate in mixtures of the two 
liquids ; and, since the present work was begun, papers have appeared 
by Holmes (Trans., 1906, 90, 1784) on the densities of mixtures at 
15°, and by Dunstan, Thole, and Hurt (Trans., 1907, 91, 1718) on 
the density and viscosity at 25°. The consideration of the two facts, 
that both liquids dissolve metallic salts, forming conducting solutions, 
and that the properties of mixtures of the two liquids differ largely 
from the properties of their constituents, led us to undertake the 
determination of those properties of the mixtures which affect the 
electrical conductivity of salts dissolved in them in the hope that the 
gradual substitution of one solvent for the other might throw some 
further light on the causes determining the conductivity of solutions. 

The determination of the following constants is described in the 
present paper: the density, viscosity, and surface tension of pyridine- 
water mixtures at 0° and 25°; the density and viscosity of one-eighth 
weight-normal solutions of lithium nitrate in a series of mixtures at 
0° and 25°, and the molecular conductivity of these solutions at the 
same temperatures. With the help of these data, we have attempted 
to trace how far the observed changes in conductivity are due to 
(1) the extent of ionisation, (2) the viscosity of the solution, and (3) 
the condensation of solvent round the ions. 

Lithium nitrate was selected because it dissolved freely in both 
liquids and in mixtures of them ; preliminary experiments with salts 
of lithium, potassium, and sodium showed that only those salts of these 
metals which are hygroscopic dissolve easily in pyridine. 


Preparation of Materials. 


The best pyridine obtained from Kahlbaum was found to contain 
‘ traces of water, from which it could be freed only by repeated treat- 
ment with solid potash and distillation with a fractionating column. 
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The great difficulty of drying the substance is probably due to the 
formation of a compound with water. The dry substance is extremely 
hygroscopic, and it was always distilled directly into a dry bottle 
protected from moisture by a calcium chloride tube. The substance 
used in our experiments boiled at 115°3—115:4° (corr.) ; Zawidzki 
(Chem. Zeit., 1906, 30, 299) found 115:1—115-3°, and Innes (Trans., 
1901, 79, 261), 115-2—115°5°. If contaminated with small traces of 
water, the boiling point is several tenths of a degree lower. The 
pyridine was kept in desiccators in the dark. 

Water.—This was purified by distillation with acid and alkaline 
permanganate in the manner described by Manley (Proc. Roy. Soc., 
1905, 76, A, 476), a block-tin condenser being used for the final con- 
densation. Its conductivity was on an average 1:2 x 10~° reciprocal 
ohms at 0°. The water was stored in litre flasks of Jena glass, in 
which it kept umaltered for several weeks. The flasks had caps 
ground on to the outside surface instead of the ordinary inside 
stopper, as shown in Fig. 1. 

This ensures the water being poured out over a clean surface, and 
avoids the danger of dirt dropping in when the flask is opened. The 
device makes it easier to keep and use conductivity 
water without risk of contamination, and is of Fig, 1. 


great convenience in dealing with dilute solutions. j= 
Lithium Nitrate.—Obtained from Kahlbaum, a 
and further purified by recrystallisation. The . 


spectrum of the recrystallised salt showed no 
traces of the lines of any impurities except a faint sodium line. 

Preparation of Solutions.—All the solutions were made up by 
weight, and kept in Jena glass flasks with ground stoppers. As 
lithium nitrate is very hygroscopic, the following method was adopted 
for making up the salt solutions. About the right weight of the 
hydrated salt was dehydrated by heating it in a small platinum 
crucible in an air-bath at 175° for at least six hours; the crucible 
was allowed to cool in a desiccator, and weighed as soon as cool in a 
stoppered glass bottle, the weight of the bottle and crucible being 
previously ascertained. The correct weight of solvent required was 
then weighed into a wide-mouthed stoppered bottle, and the crucible 
was dropped in. The composition of the solution by weight was thus 
accurately known, and, in order to find the number of gram-equiva- 
lents of salt in a litre of solution, density determinations were made 
at the temperature at which the solution was used. 

Thermostats.—For experiments at 25°, a large thermostat with glass 
front, holding about 40 litres, provided with a spiral temperature regu- 
lator (Lowry, Trans., 1905, 8'7, 1039), gave excellent results ; the 
temperature variation rarely exceeded +0°01°;.the actual corrected 
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temperature was 25°08° on the hydrogen scale. For experiments at 
0°, a bath containing finely-powdered ice was used, and, for the con- 
ductivity determinations, this was jacketed by a second vessel containing 
ice. The temperature never exceeded +0°05°, and was usually much 
closer to 0°. The thermometers used were graduated in wide 
twentieths of a degree, and were compared with a thermometer with 
a Reichsanstalt certificate. 


Density Determinations. 


The determinations at 25° were made in two U-shaped pyknometers 
of a pattern secommended to us by Mr. J. J..Manley. They were made 
from test-tube glass, and held about 9 c.c. Each pyknometer was 
weighed against a counterpoise, and the results were corrected for 
displaced air. Considering the small quantities used, the results show 
good agreement except near the pyridine end of the series. Pyridine 
is so hygroscopic that it absorbs sufficient water during the filling of a 
pyknometer to affect its density appreciably. In one case, an exposure 
to the air of about five minutes caused the density to rise by 3 units 
in the fourth place. 

The results are given in the following table, and are plotted in 
Fig. 2: 


TaBLE 1.—Density of Pyridine-Water Mixtures at 25-08°. 


Molecular 
Percentage percentage A? by A? by A;, 
of pyridine. of pyridine. pyknometer I. pyknometerII. mean value. 
0°00 0°00 — — 0°99705 
9°91 2°45 0°99953 0°99953 0°99953 
19°28 5°16 1°00118 1°00116 1:00117 
29°99 8°90 1°00231 1°00236 1°00234 
39°84 13°12 1°00313 1°00314 1°00314 
49°57 18°31 1°00345 1°00349 1:00347 
59°70 25°22 1°00295 1°00298 1°00297 
70°34 35°09 1°00127 1°00125 1°00126 
80°15 47°92 0°99686 0°99702 0°¥9694 
90-08 67°44 0°98864 0°98877 0°98870 
95°01 81°26 0°98311 — 0:°98311 
100°00 100°00 0'97710 0°97732 0°97721 


Zawidzki gives two results for the density at 25°, namely, 0°97794 
and 0°97796 ; it would thus seem as if his specimen had absorbed a 
little water. 

On account of the large expansion with rise of temperature of 
mixtures containing a large proportion of pyridine, the pyknometers 
used for the determinations at 0° were made of tube form and 
stoppered. The results were not so accurate as those at 25°, but 
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duplicate determinations rarely differed by more than 1 unit in the 


fourth place. 
The results are given in the following table, and are plotted in 


Fig. 2: 
TaBLe I].—Density of Pyridine-Water Mixtures at 0°. 


* Molecular 


Percentage percentage Aj by Ag by vA 
of pyridine. of pyridine. pyknometerI. pyknometer II. mean value. 


0-00 0-00 _ = 0-99987 
9°59 2°36 100571 1°00583 1°00577 
20°50 5°64 101161 1°01155 1°01158 
29°53 8°72 1°01509 1°01517 1°01513 
39°73 13°06 1°01860 1°01856 1°01858 
49°84 18°47 1°02160 1°02166 1°02163 
59°16 24°83 1°02310 1°02324 1°02317 
62°02 27°13 1°02342 1°02362 1°02352 
65°12 29°85 1°02354 1°02364 1°02359 
69°92 34°62 1°02343 — 1°023438 
87°07 47°80 1°01967 101967 1°01967 
90°07 67°46 1701190 1°01191 1°01193 
100°00 100°00 1°00120 1°00134 1°00127 

Both curves show a maximum, which occurs at 31 molecules per 
cent. of pyridine at 0°, and at 18 molecules per cent. at 25°. The 
shift in the maximum is easily explained by the difference in the 
coefficients of expansion of water and pyridine between 0° and 25°, 
pyridine expanding almost twenty times as much as water. The large 
amount of contraction which takes place when the two liquids are 
mixed, and also the considerable heat evolution accompanying it, point 
to the formation of a hydrate of pyridine in the mixture, and, as in 
both curves the maximum deviation from the straight line joining the 
two ends of the curve occurs at 30 molecules per cent. of pyridine, 
the maximum formation of hydrate probably takes place in mixtures 
of this composition. This result is confirmed by the viscosity curves, 
which show similar maxima at 29 molecules per cent. of pyridine at 
0°, and 30°5 molecules per cent. at 25°. 

In a recent paper (Joc. cit.), Dunstan, Thole, and Hunt describe a 
series of determinations of the density of pyridine—water mixtures at 
25°, in which they find discontinuities in the density-concentration 
curve at 36 and 62 per cent. of pyridine. We found no evidence of 
the existence of these discontinuities either at 25° or at 0°, and, if 
the results given in the above paper are plotted against ours, it is 
evident that the supposed breaks in the curve are due to the authors’ 
practice of drawing curves through their experimental points without 
taking into account their probable experimental error. 

But apart from experimental evidence, other considerations make it 
improbable that the curves given by the above authors represent real 


phenomena. 
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Any continuous change in the composition of a homogeneous 
mixture must be accompanied by a continuous change in physical 
properties, as a discontinuity could only be produced by some abrupt 
change in the equilibrium constant of one of the systems present, and 
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any change of this nature would be contrary to the law of mass 
action. 

If we accept the law of mass action, no homogeneous liquid 
mixture can show a discontinuous change of density with composition 
while its temperature and pressure remain constant. 
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Density of 4 Weight-normal Solutions of Lithium Nitrate in Pyridine- 
Water Mixtures. 


Determinations of the density of 4 weight-normal lithium nitrate 
solutions at 0° and 25° were needed in order to calculate their normality 
and for the viscosity experiments. The determinations were made either 
in bottle pyknometers holding 10 c.c. with a glass cap ground to fit 
over the stopper, or in pyknometers of the form used for the mixture 
at 0°. Duplicate determinations were not made, as the density was 
only required to the nearest unit in the third decimal place. The 
results are given in the following table : 


TaBLe III.—Density of 4 Weight-normal Solutions of Lithium Nitrate 
in Pyridine-Water Mixtures at 0° and 25°08°. 


Percentage of Molecular percent- AS a? 
pyridine in solvent. age of pyridine. of solution. of solution. 
0°00 0°00 1°0055 1°0020 
21°61 5°91 1°0170 1°0062 
42°61 14°47 1°0240 1°0075 
67°38 31°28 1°0285 1°0074 
75°09 40°64 1°0276 1°0051 
79°34 46°67 1°0259 1°0035 
83°93 54°35 1°0225 1:0003 
88°53 63°77 1°0189 0°9965 
92°50 73°76 1°0156 0°9920 
95°01 81°27 —_ 0°9897 
97°46 89°75 1°0107 _- 
100-00 100°00 1°0085 0°9840 


Viscosity of Pyridine—Water Mixtures. 


The viscosity of pyridine-water mixtures was compared with that 
of water at 0° and 25° by means of viscometers of the Ostwald 
pattern. The times taken by equal volumes of mixture and 
of water to flow through the capillary were measured by a stop- 
watch reading to } sec., and, from the times of flow and the densities, 
the relative viscosity was calculated by the formula : 

time for mixture _ density of mixture 


relative viscosity of mixture = — pesca: Hal ne 5 
time for water density of water ° 


An example is given of a set of determinations with a mixture 
containing 18°47 molecules per cent. of pyridine at 0°: 
Mean time of flow in viscometer with water = 103°6 secs. 


Ist filling. 2nd filling. 
Times of flow with mixture, in secs. ...... 290°8 291°2 
291°2 291°3 
291°0 291°2 
291°0 291°0 
Mean = 291°1 secs. 
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Density of mixture = 1°0126. 
291'1 | 1:0216 
103% *0-9998 °° 

In calculating the viscosity in absolute units, Thorpe and Rodger’s 
values for water at 0° and 25°08° were used, namely, 0°01778 and 
0:00890. Four sets of determinations were usually made with each 
mixture (two sets in each tube), and the results usually agreed to 
03 per cent. The most frequent cause of difficulty was specks of 
dust and traces of grease in the capillary ; after a small number of 
trials with different liquids, including freshly-distilled alcohol and 
ether, we found that the safest method of cleaning the tubes was to 
place in them some fuming nitric acid and to add some alcohol, and then, 
after rinsing them with the best conductivity water, they were dried in 
a small air-bath by means of a current of dust-free air. The results 
became more concordant after this method of treatment had been 
adopted. 

As many of the mixtures are hygroscopic, calcium chloride tubes 
were attached to both arms of the viscometer, for without this 
precaution the mixtures rich in pyridine absorbed water during an 
experiment. The tubes were always set in a vertical position with a 
plumb line. The results are given in the following tables and plotted 
on the lower line in Figs. 3 and 4: 


Viscosity relative to water = 


TaBLE IV.—Viscosity of Pyridine-Water Mixtures at 25°08°. 


Percentage of Molecular Viscosity relative Viscosity relative Mean value of 
pyridine in percentage to water by to water by viscosity in 

mixture. of pyridine. viscometer I. viscometer II. absolute units. 
0°00 0°00 1-000 1°000 0°00890 
9°91 2°40 1°255 1°253 0°01116 
19°28 5°15 1°503 1°499 001336 
29°99 8°90 1°797 1°794 0°01598 
39°84 13°12 2°062 2°060 0°01833 
49°57 18°40 2°289 2°279 0°02032 
59°70 25°22 2°462 2°454 0°02187 
66°65 31°27 2°500 = 002225 
70°34 34°50 2°460 2°454 0°02186 
80°15 47°80 2°130 2°129 0°01894 
90°08 67°30 1°521 1°513 001350 
95°01 81°26 1°194 1°200 0°01064 
97°16 88°64 1‘100 -- 0°00979 
98°02 91°86 1°058 — 0°00942 
99°00 95°76 1°030 —- 0°00917 
100°00 100°00 0°9943 0°9945 0°00885 
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TaBLE V.—Viscosity of Pyridine-Water Mixtures at 0°. 


Molecular Viscosity relative Viscosity relative Mean 
Percentage percentage to water by to water by viscosity in 
of pyridine. of pyridine. viscometer I. viscometer II. absolute units, 

0°00 — — 0°01778 
9°59 : 1°374 1°378 0°02447 
20°50 . 1°807 1°813 0°03218 
29°53 y 2°157 2°163 003840 
39°73 ‘ 2°558 2°562 0:04548 
49°84 ' 2°894 2°897 0°05147 
59°16 ‘ 3°102 3°109 0°05521 
62°02 . 3°126 3°131 0°05562 
65°12 . 3°125 3°129 005560 
69°92 . 3°044 3°048 0°05416 
75°75 ‘ 2°758 2°759 0°04905 
80°07 ‘ 2°392 2°402 004262 
85°13 . 1°853 1°857 0°03298 
90°07 . 1°346 1°351 002398 
95°11 : 0°9714 0°9736 0:01729 
97 84 ' 0°8210 08248 001463 
100°00 ‘ 0°7394 0°7468 001321 
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The experimental values, when plotted, lie on fairly smooth curves, 
which show a maximum in both cases and a point of inflexion between 
the maximum and pyridine end. We did not observe any of the 
discontinuities mentioned by Dunstan, Thole, and Hunt (Joe. cit.), and 
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a comparison of their curve with ours leaves no doubt that, as in the 
case of density determinations, these are due to no allowance being 
made for experimental error. 

At 0°, the maximum occurs at 28°5 molecules per cent. of pyridine, 
and at 25° at 30°5 molecules per cent. of pyridine, the maximum 
deviation from the straight line joining the end values occurs at 
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29 molecules per cent. and at 30°5 molecules per cent. of pyridine, 
at 0° and 25° respectively. 

Thus the viscosity values support the deduction from the density 
curves, that the maximum amount of hydration of the pyridine takes 
place in the neighbourhood of 30 molecules per cent. at both 
temperatures. 
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Viscosity of 4 Weight-normal Lithiwm Nitrate Solutions. 


With the lithium nitrate solutions, two sets of determinations were 
made at each temperature, and the results are given in the following 
table and are plotted on the upper line in Figs. 3 and 4: 


TaBLE VI.—Viscosity of 4 Weight-normal Solutions of Lithium Nitrate 
in Pyridine—Water Mixtures at 0° and 25:08°. 

Percentage Molecular Viscosity of Viscosity of Viscosity of Viscosity of 
of percentage solution solution solution solution 
pyridine of relative to in absolute _ relative to in absolute 
in solvent. pyridine. waterat0°. unitsat0°. water at 25°. units at 25°. 
0°00 0°00 1°004 0°01785 1°014 0°00903 
21°61 5°91 1°848 0°03286 1°609 0°01433 
42°61 14°47 2°700 0°04801 2°206 0°01964 
67°38 31°28 3°298 0°05865 2°648 0°02356 
75°09 40°60 3°028 0°05383 2°533 0°02254 
83°93 54°35 2°208 0°03925 2°100 0°01869 
88°53 63°77 1°677 0°02982 1°768 0°01573 
92°50 73°76 1°296 0°02305 1°485 0°01321 
95°01 81°27 1°089 0°01936 1°329 0°01183 
95°83 83°98 1°037 0°01843 1°288 0°01146 
100°00 100°00 0°810 0°01439 1°075 000957 


It will be seen that as the composition of the solvent varies, the 
addition of 0°125 gram-molecule of salt has a very different effect on 
its viscosity. At 25°, the increase is only 1°5 per cent. in water, but 
the change becomes gradually larger in the mixture until it reaches a 
maximum of 9°4 per cent. in the 75 per cent. mixture. From this 
point, it falls slightly to 8°27 per cent. in pure pyridine. At 0°, the 
changes are of about the same order of magnitude. 

The general result of investigations on the viscosity of liquids has 
been to show that a liquid becomes more viscous when the average 
bulk of the particles of which it is composed is increased; the 
behaviour of water at different temperatures and pressures is a 
striking instance of this (Réntgen, Wied. Ann., 1884, [iii], 22, 510, 
and 1892, [iii], 45, 91; R. Cohen, Wied. Ann., 1892, [iii], 45, 666). 

The changes in our experiments might be ascribed to (1) the 
disturbance of the equilibrium existing between the constituents of 
the solvent; (2) the introduction of molecules and ions of solute, 
and (3) the aggregation of particles of solvent round these. 

The curve giving the relations between ionisation and composition 
of solvent in WV/8 solutions on p. 546 shows that in pyridine the salt 
is very slightly dissociated (not more than 2 per cent.), so that the 
increase of viscosity at the end of the curve must be due to the 
condensation of pyridine round the lithium nitrate molecules. In all 
mixtures up to 60 molecules per cent. of pyridine, most of the salt is 
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ionised, and the increase of viscosity must therefore be caused mainly 
by the condensation of solvent round the ions. The form of the curve 
indicates that this condensation is greater in the pyridine—water 
mixtures than in water, and this conclusion is strongly supported by 
the evidence based on the electrical conductivity at infinite dilution 
(see p. 550). 


Surface Tension of Pyridine-Water Miatures. 


The surface tension of the mixtures was determined by Jaeger’s 
method, in which the minimum pressure required to drive a stream of 
air bubbles from a capillary opening immersed in a liquid is measured, 
In this way, the surface is constantly renewed, and irregularities due 
to changes in the surface layer are avoided. An apparatus was con- 
structed on the same lines as that described by Whatmough (Zeitésch. 
physikal. Chem., 1901, 39, 129), and the precautions mentioned by him 
were carefully observed. Very fine capillary tubes were drawn and 
cut off so that the capillary did not exceed 2 mm. in length; they 
were put just below the surface of freshly-distilled water contained in 
a boiling tube standing in a thermostat ; the minimum pressure 
necessary to maintain a stream of air bubbles was measured by means 
of a sulphuric acid manometer 3 metres high. A similar measurement 
was then made with a second liquid, and the ratio of the two pressures 
gave the ratio of the surface tensions. For pure liquids, the method 
seemed to give very definite results ; the following is a comparison of 
the values for pyridine with those of Ramsay and Shields (Trans., 


1893, 63, 1089) : 
Mean value Interpolated Ramsay 
Temp. y by tube 1. y bytube2. indynes/em?. value. and Shields. 
0:0° 39°94 40°33 40'1 _— — 
17°12 — — — 38°1 38°40 
25°00 37°04 36°96 37°0 
46°20 


— — _ 34°17 
50°00 33°05 33°34 33°2 _ 


The difference between the two sets of values may be explained by 
the fact that our values give y for pyridine in contact with air, whilst 
in Ramsay and Shields’ experiments it was in contact with saturated 
pyridine vapour. The mixtures were more troublesome, as the fine 
capillaries soon ceased to give trustworthy values. The results are 
given in the following table and curve : 
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TaBLE VII.—Surface Tension of Pyridine-Water Mixtures at 0° 
and 25°. 


Values at 0°. Values at 25°. 


Per- Molecular Surface Surface Mean Surface Surface Mean 
centage percentage tension tension value tension tension value 
of of by by in by by in 
pyridine. pyridine. tubeI. tubelII. dynes/cm*. tubeI. tubeII. dynes/cm? 
0 0 —_ — 75°49 — — 71°78 
4°92 1°06 59°3 _ 59°3 55°6 55°6 
10°20 2°52 55°9 _ 55°9 52°8 52°8 
30°22 8°98 51°75 51°85 =—s_«4B1°8 47°85 47°9 
40°00 13°19 51°4 51°2 51°3 47°3 47°4 
49°27 19°00 50°2 50°7 50°5 46°3 ‘ 46°6 
60°16 25°60 49°4 49°8 49°6 45°6 45°8 
79°73 47°28 47°4 — 47°4 43°7 43°7 
89 80 66°69 44°5 -- 44°5 41°0 41°0 
100°00 100°00 40°35 39°95 40°15 36°95 37°0 
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In dilute solutions of pyridine, foam is readily formed and persists 
for some time; in stronger solutions this tendency disappears. 
Marangoni (Nuovo Cim., 1871-2, 5-6, 239) and Rayleigh (Proc. 
Roy. Soc., 1889, 47, 281) have pointed out that the stability of a film 
of solution probably depends on a difference in concentration between 
the surface and the interior of the liquid. Milner, in a recent paper 
(Phil. Mag., 1907, [vi] 13, 96), shows that the “surface excess,” that 
is, the number of gram-molecules of the solute which are drawn out 
from the interior in the formation of each sq. cm. of the surface, may 
be calculated by means of the equation : 
Ms ee 
RT dlog.c’ 
where 7 is the surface tension, c the concentration, i the coefficient of 
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ionisation, R the constant of the gas equation, and o the surface 
excess. 

Thus, if the surface tension varies linearly with the logarithm of the 
concentration, the surface excess will be constant. This condition is 
fulfilled approximately by dilute solutions of pyridine in water, and 
the surface excess is calculated to be 2x 10~° gram-molecule per sq. 
em., or 0°16 milligram per sq. metre. 

For acetic acid dissolved in water, Milner found an excess of 
3°3x 10~° gram-molecule per sq. cm., or 02 milligram per sq. metre, 
and for sodium chloride a surface deficit (since the surface tension 

increases with concentration) of 4°09 x 10~° gram- 
Fie 6. molecule per sq. cm., or 0°024 milligram per sq. metre. 

If we take the thickness of the surface layer as 
being of the order of 50 x 10~6 mm. (Riicker, Trans., 
1888, 53, 222), the excess concentration of pyridine 
in the surface layer is 3°2 milligrams per c.c. 


Electrical Conductivity of Lithium Nitrate dissolved 
in Pyridine-Water Mixtures. 


The conductivity of solutions of lithium nitrate 
in the various mixtures was determined at 0° and 
at 25° by the ordinary telephone method. In each 
experiment, a one-eighth weight-normal solution was 
made up in the manner described on page 539, 
20 c.c. of this solution were then introduced into the 
conductivity cell, and successive dilutions were per- 
formed by means of two accurately calibrated 10 c.c. 
pipettes. The solvent was always kept in the same 
bath as the solution, and the dilution was carried 
‘a on in all cases to v= 1024, and in a few to v= 4096. 

As the conductivity of the solvent changed quickly 
on exposure to air, owing to the absorption of 
carbon dioxide, a conductivity cell of the form shown in the ac- 
companying diagram was used. 

It was found very convenient to have the lid ground on outside the 
cell. The cells were made of borosilicate glass by Mr. Baumbach, 
glass blower to the University of Manchester, who also made most of 
the glass apparatus used in the work. 

The electrodes, after being coated with platinum black, were heated 
in a blowpipe flame as recommended by Whetham (Phil. Trans., 1900, 
A, 194, 321), in order to avoid the possible absorption of the solute by 
the finely-divided metal. A Kéhler bridge, coil, and telephone were 
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used, and a dial resistance box made by Paul, which had been compared 
with a set of standard resistances by Edimann. 

Three separate readings were made for each resistance, and they 
usually agreed to 1 part in 1000. The conductivity of the solvent 
was determined at intervals during the dilutions, and the value found 
was subtracted from that of the solution. 

The molecular conductivity was then calculated with the help of the 
density determinations for the:original solution, neglecting the change 
of volume which takes place during successive dilutions. The error thus 
introduced falls within the experimental error for solutions between 
N/8 and WV/1024. The constants of the cells used at 0° and 25° 
respectively were determined frequently during the progress of the 
experiments by means of 1/50 potassium chloride solutions made up 
with freshly-distilled conductivity water. An example of a calculation 
is given to make the procedure quite clear :—Solution of lithium 
nitrate in 5°91 molecules per cent. pyridine—water mixture ; solution 
made up by weight to contain 1 gram-molecule of lithium nitrate in 
8000 grams of solution ; the density of solution at 25°08° was found to 
be 1:0062. 

The determination of the conductivity of the original solution at 
25-08° gave the following results : 


Resistance in Bridge Bridge Resistance Mean 
box, in ohms. reading. reading corrected. of cell. resistance. 


57 50°25 50°05 
58 49°80 46°60 
56 50°70 50°50 


Resistance of cell and leads 
Correction for leads 


Specific conductivity of solutions calculated by cell constant ... 0°007303 
Correction for solvent conductivity 0:000008 


0°007295 
Molecular conductivity = 58°00; mt = 0°5010. 


The molecular conductivities at various dilutions were then plotted 
against m* (m being the concentration of solute in gram-molecules per 
litre), and from these curves the values for the molecular conductivity 
at dilutions 8, 16, 32, &c., were read off and the values for infinite 
dilutions found by extrapolation. The curves for solutions of lithium 
nitrate in water and in 31°28 per cent. mixture, both at 25-08°, are 
given in Fig. 7 as specimens. 

The dotted vertical lines represent the: values of m* corresponding 
with v= 8, 16, d&e. 

The results of the conductivity determinations are collected in the 

VOL, XCIII. 0 0 
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following tables, and curves for v=, 1024, 256, 64, and 8 at 25-08° 
and 0° are shown in Figs. 8 and 9 on pp. 554, 550. 


Fic. 7. 


Molecular Conductivity 


TaBLE VIII.—Molecular Conductivity of Lithium Nitrate Solutions 
in Pyridine-Water Mixtures at 25-08°. 


Molecular 
percentage Molecular conductivity at various dilutions. 
of pyridine — 
in solvent. V=oc, 1024. 512. 256. 128. 64. 82. 16. 
0:00 109°4 1083 107'1 105°6 103°7 101°3 983 94°5 
5°91 68°5 68°4 68°17 67°6 66°45 65°05 68°25 60°95 
14°47 475 47°40 47°20 : 46°15 44°90 43°50 41°75 
31°28 32°4 82°4 324 21 31°4 30°4 29°05 27°35 
40°64 31°8 31°6 =31°55 30°10 28°75 27°15 25°10 
46°67 32°0 31°99 «89317 = 31° 30°0 28°4 26°6 24°35 
54°35 33°9 9335 = 32°8 8 305 286 264 24:2 
63°77 375 = 85°8 854 84° 31°9 29% 27°1 238°9 
73°76 46°0 41°6 39°6 ; 33°8 30°3 26°8 22°9 
81°27 54°0 42°77 39°7 36° 32°77 286 246 20° 167 
83°98 60°70 4 44°2 404 362 319 275 233 193 15°8 
89°75 750 429 37°38 323 27°1 22°83 188 149 11:7 


TaBuE IX.—Molecular Conductivity of Lithium Nitrate Solutions in 
Pyridine-Water Mixtures at 0°. 


Molecular 
percentage Molecular conductivity at various dilutions. 
of pyridine - - 
in solvent. . 1024. 512. 256. 128. G4. 32. 16. 8. 
0:00 56°95 56°55 55°75 54°80 53°65 52°20 50°25 48°15 
5°91 . 29°85 29°75 29°63 29°35 28°92 28°30 27°64 26°75 
14°47 19°05 19°05 19°05 18°86° 18°66 18°30 17°77 17°10 
31°28 13°25 13°15 12°95 12°60 12°18 11°60 10°80 
40°64 13°30 ‘ 12°96 1250 11°85 11°05 10°00 
46°67 -- - —_ 12°85 12°10 11°25 10°20 
54°35 ; 16°05 15° 15°25 14°30 13°25 12°10 10°75 
63°77 20°0 ; 17°95 16°70 15°35 13°75 11°80 
73°76 ; 23°6 22° 20°65 18°75 16°75 14°70 12°30 
81°27 ‘ 28°: 26°8 ‘ 22°07 19°55 17°13 14°60 11°80 
83°98 4 . 27°7 5 22% 197 1771 414% # 11°60 
89°75 30°F 27°4 . 20°8 176 148 120 9°25 
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An attempt was made to carry out a set of determinations in pure 
pyridine, and the molecular conductivity of an 4/8 solution at 0° and 
25° was found to be 1°51 and 2°26. It was impossible to perform a 
set of dilutions, as the pyridine absorbed traces of moisture very rapidly, 
and the addition of small quantities of water was found to exert a con- 
siderable influence on the conductivity of the lithium nitrate solution. 
For instance, the addition of 0°1 per cent. of water to the solution in 
pure pyridine increased the conductivity by 33 percent. The unavoid- 
able absorption of moisture during the dilutions would thus have 
rendered the results valueless. The very low conductivity of lithium 
salts dissolved in pyridine was noticed by von Laszezynski and von 
torski (Zeitsch. Hlektrochem., 1897, 4, 290). 

As the accuracy of the values given for the conductivity in the more 
dilute solutions depends to a great extent on the accuracy with which 
the solvent correction was determined, great care had to be taken to 
check this at intervals, as the conductivity of pyridine mixtures, 
particularly of those containing a small percentage of pyridine, 
changes very quickly on exposure to atmospheric carbon dioxide. 

The following table gives some idea of the relative importance of 
the solvent corrections in the various mixtures : 


TaBLE X.—Specific Conductivity of Pyridine-Water Mixtures. 


Molecular percentage of pyridine: 
0°00 5°91 14°47 31°28 40°64 46°67 54°35 63°77 73°76 81°27 83°98 89°75 100°00 


Specific conductivity at 0° in gemmhos : 

1S: a6 82 39 22 Oe 23. 69 
Specific conductivity at 25° in gemmhos : 

28 S6 ST s1 33° -23. 23 0° 


It will be noticed that the numbers do not always show a regular 
variation with composition, as in some cases the mixture had been kept 
longer than in others, and had absorbed traces of carbon dioxide. 

In the case of solutions at 0°, the value of the molecular con- 
ductivity at infinite dilution is clearly indicated by the form of the 
curve (see Fig. 7) until the mixture containing 73°76 molecules per 
cent. of pyridine is reached, but beyond that it is only approximate. 

At 25°, more difficulty was found with the solvent correction, and, 
ionisation being less complete than at 0°, the numbers given for 
infinite dilutions are not so accurate, but as far as 65 molecules per 
cent.iof pyridine they involve only a smal! amount of extrapolation. 

In order to show the influence of the solvent and of the concentra- 
tion on the molecular conductivity, curves have been drawn giving 
the values of A at dilutions v= , 64, 256, 1024,and . at 0° and,25° 
in Figs. 8 and 9. 

00 2 
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At infinite dilution, the molecular conductivity falls to a minimum 
in the neighbourhood of 40 molecules per cent. of pyridine and then 
rises again, the direction of the curve indicating that in pure pyridine 
it would have a value not far removed from that found in water. 

At lower dilutions, the curves are less simple, the alterations in their 
form being largely due to the falling off in ionisation as the solvent 


x wiscosity of solvent 
viscosity of water ___] 


+ values of 


| 


> 
2 
pe) 
oO 
| 
GS 
© 
°o 
i.) 
; 
Ss 
oO 
2 
=) 
= 


70 80 90 100 
Molecular Percentage of Pyridine 


becomes rich in pyridine. For instance, at 0° the values at dilution 
v=8 fall to a minimum at 41 molecules per cent., rise again to a 
maximum at 74 molecules per cent. of pyridine, and then fall again 
until the pyridine end is reached. At 25°, at the same dilution, the 
maximum and minimum have disappeared, and the curve shows a 
point of inflexion at 60 molecules per cent. of * pyridine. 

The causes of these complex variations are discussed later (p. 558). 
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Discussion of Results. 


1. Molecular’ Conductivity at Infinite Dilution.—lIt has been shown 
by Bousfield (Zeitsch. physikal. Chem., 1905, 53, 257; Phil. Trans., 
1906, A, 206, 101) and by Pellat (Compt. rend., 1907, 144, 902) 
that the application of Stokes’ theorem respecting the limiting 
velocity of a small sphere moving under a constant force in a viscous 
medium to the motion of ions in solutions is of great value in 
studying the various causes which may affect the mobility of an ion. 

The limiting velocity of a small sphere of radius, 7, moving in a 
medium of viscosity, y, under a constant force, p, is proportional 


to = If we apply this to the case of an ion moving with a spherical 
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solvent atmosphere surrounding it, the mobility of the ion will depend 
on the viscosity of the solution and of the size of the solvent envelope. 
Thus the three factors which determine the conductivity of a solution 
containing two univalent ions are: (1) the coefficient of ionisation ; 
(2) the viscosity of the solution, and (3) the average size of the 
solvent atmosphere surrounding the two ions. 

If we consider the same pair of ions in various solvents, such as a 
series of mixtures of pyridine and water, differences of ionisation are 
eliminated at infinite dilution, and any changes in the value of 
molecular conductivity in the different mixtures must be due to differ- 
ences in viscosity or in the solvent atmospheres attached to the ions, 

lf U, and U, are the absolute velocities of anion and cation under 
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unit potential gradient, 7, and 7; the average radii of the two ions, 
and y the viscosity of the solvent : 

then U,= o-—and O,.= o—, where C is a constant for univalent ions, 
and, since A,, = Q(Ua+ Ux), where Q is the charge liberated by 1 gram- 
equivalent of a univalent ion, 

a QC/1 1 

. Ao = “(c + id 

If vq and 7; do not vary with the composition of the solvent, then 
Ag 7 must remain constant, any variation in this quantity indicates 
a change in the size of the solvent envelopes attached to the ions. 

The values of Aw x viscosity of solvent relative to water have 
been collected in table XI for 0° and 25°, and they are plotted on 
the dotted curve in Figs. 8 and 9 (relative, instead of absolute, 
values of the viscosity were taken for convenience in plotting on the 
same scale as the rest of Figs. 8 and 9): 


TaBLeE XI.—Molecular Conductivity at Infinite Dilution, Viscosity, 


and Mop x pater Sor Lithium Nitrate Solutions in Pyridine- 
Water Miatures at 0° and 25:08°. 


Values at 0°. Values at 25°. 


Molecular r c 
percentage Molecular Molecular 
of conductivity Viscosity conductivity Viscosity 
pyridine at in op X at in Ago X 
in infinite absolute n-solvent infinite absolute  7-solvent 
solvent. dilution. units. n-water. dilution. units. n-water 
0°00 57°10 0°01778 57°1 0°00890 109°4 
5°91 29°85 0°03280 55:0 ; 0°01389 106°9 
14°47 19°05 0°04735 50°7 : 0°01890 100°9 
31°28 13°25 0°05535 41°3 ’ 0°02226 81°0 
40°64. 13°40 0°04990 37°6 . 002060 73°6 
46°67 _— -_ -- ‘ 0°01920 69°0 
54°35 16°25 0°03625 83°1 : 0°017138 65°3 
63°77 21°2 0°02670 32°0 , 0°01451 61°0 
73°76 27°5 0°02055 32°0 ‘ 0°01194 61°5 
81°27 34°0 0°01745 33°5 54° 0°01065 65°0 
83°98 39°0 0°01645 36°0 ¥ 0°01029 69°0 
89°75 45°0 001485 38°0 : 0°00964 81°0 


The form of the curves shows that at both temperatures, as the 
amount of pyridine in the solvent increases, the atmospheres attached 
to one or both ions increase also until the solvent contains about 
67 molecules per cent. of pyridine, at which concentration the 
increased loading of the ions has been such as to reduce the sum of 
the mobilities of the ions to about 56 per cent. of their value in water. 
The agreement between the two temperatures both as to the position 
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of the minimum and as to the calculated change of atmosphere is 
rather striking. 

After 67 molecules per cent. of pyridine, the atmospheres decrease 
again in both cases, and the direction of the curves indicate that in 
pure pyridine they would return to a value approximately the same as 
in water. As we were not able to determine the transport numbers 
of the two ions, we can only consider the collective effect on their 
mobilities. 

2. Coefficient of Ionisation.—The ordinary equation used in calcu- 
lating the coefficient of ionisation : 


neglects changes in the mobilities of the ions at different concen- 
trations due to changes in the viscosity of the solution, and to 
variations in the size of the solvent atmosphere attached to them 
(Bousfield, doc. ctt.). In the case of dilute aqueous solutions (between 
v=8 and 1024), the changes in viscosity are relatively small, and may 
be neglected except in the most accurate work, but, in the case of 
solutions in pyridine—water mixtures, reference to the viscosity curve in 
Figs. 3 and 4 will show that these viscosity changes are much 
greater, and must be taken into account in calculating a. Assuming 
that the mobility of the ion varies inversely with the viscosity of the 
medium, we have calculated a by the formula : 


viscosity of solution 
K <a ; 
viscosity of solvent 


The numbers obtained in this way are given in the following tables 
for 0° and 25°: 


TaBLeE XI1.—Coefficients of Lonisation in Lithium Nitrate Solutions 
at 25°08°. 


Molecular 
percentage Coefficient of ionisation. 
of pyridine —~ 
in solvent. V=1024. 512. 256. 128. 64. 32. 
0°00 0993 0980 0°966 0°949 0°928  0°902 
5°91 0999 0°996 0°988 0°972 0°954 0°931 
14°47 0998 0994 0°988 0°974 0°950  0°925 
31°28 1000 =1°000 0993 0°973 0°945  0°909 
40°64 0°995 0°994 0°982 0952 0915 0°874 
46°67 0°998 0992 0978 0°943 0°898  0°850 
54°35 0989 0°969 0°941 0°905 0°853 0°796 
63°77 0955 07945 0909 0°855 0°798 0°738 
73°76 0°905 0°860 0°805 0°740 0°665 0°590 
81°27 079 O73 O68 0°61 0°53 0°47 
83°98 0°74 0°67 060 0°54 0°47 0°40 
89°75 0°57 050 043 036 0°31 0°26 


558 HARTLEY, THOMAS, AND APPLEBEY : SOME PHYSICO-CHEMICAL 


Tarte XIII.—Coefficients of Ionisation in Lithium Nitrate Solutions 
at 0°. 

Molecular : 

percentage Coefficient of ionisation. 

enna ———— 

in solvent. V=1024. 512. 256. 128. 64. 32. 16. 8. 
0°00 0°997 0°990 0976 0°960 0°940 0°915 0°882 0°847 
5°91 1°000 0°997 0°993 0°983 0°969 0°950 0°927 0°898 
14°47 1000 1°000 1°000 O'991 O0°981 0°964 0°939 0°910 
31°28 1:000 1°000 0°994 0°981 0°958 0°933 0°902 0°864 
40°64 0°998  0°994 "9 0'971 0°942 0°902 0°857 0°805 
54°35 0°991 0°989 ‘97 0°943 40°889 §=(0°832 40°775 = 0°716 
63°77 0'970 0°945 s 0°850 0°795 0°740 0°680 0°605 
73°76 0°915 0°875 "83 0°'770 0°705 0°640 0°580 0°510 
81°27 0°83 0°79 ‘ 0°65 0°58 0°52 0°45 0°36 
83°98 0°77 0°71 ; 0°58 0°51 0°45 0°39 0°33 
89°75 0°68 0°61 : 0°47 0°40 0°34 0°28 0°23 


We were unable to take account of the variation of ionic size with 
dilution, but Bousfield’s results indicate that this would not be large 
within the range over which we worked. 

It will be seen that in all cases, ionisation is more complete at the 
lower temperatures and that dilute pyridine solutions in water have a 
greater dissociating power than water itself, but, as the proportion of 
pyridine increases, the ionisation quickly falls off. 

Having now traced the effects due to viscosity, ionic size, and 
ionisation, we can examine the causes which have determined the form 
of the molecular conductivity curve given in Figs. 8 and 9. If 
we consider the variations of viscosity and of the ionic atmospheres 
with solvent composition, we see that their joint effect must tend to 
produce a minimum value of the molecular conductivity in the 
solvent containing about 40 molecules per cent. of pyridine, as is the 
case at infinite dilution ; at all other dilutions, this effect is further 
complicated by variations in the coefficient of ionisation, thus explaining 
why all the curves except those for A, show either a minimum and 
a maximum (compare A,, at 0° and 25°) or a point. of inflexion 
(compare A, at 25°). 

In order to show the relative importance of each of the three 
factors, Fig. 10 has been constructed, in which the thick curves give 
the relative values for A, at 0° and 25° in various solvent mixtures, 
and the three other curves give the relative values of the coefficient of 
n-mixture 

n-H,O 
the solution, the water value being put at 100 in each case for 
purposes of a convenient comparison. 

It is seen that at 0° the molecular conductivity falls off quickly, 
owing to the decrease in fluidity and the increasing atmospheres carried 


ionisation, of the quantity A, x , and of the fluidity of 
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by theions, the falling off being partly counteracted by an increase in the 
coefiicient of ionisation ; at 41 molecules per cent. of pyridine, the value 
of A, reaches a minimum, and the subsequent increase is due to an 
increase in liquidity, which is slightly helped by a decrease in the size 
of the ionic atmospheres, but the increase is checked at 74 molecules 


Fie. 10. 


Molecular Conductivity 


Fluidity — 
g 


lp Molecular Conductivity 


50 8660 
Molecular Percentage of Pyridine 


per cent. of pyridine, owing to the rapid falling off of the ionisation 
and A, decreases until in pure pyridine it is only 3 per cent. of its 
value in water. 

At 25°, the curve for A, falls off gradually with a point of inflexion 
in the neighbourhood of 60 molecules per cent. of pyridine, as, owing 
to the changes in fluidity and the values of a being smaller than in 
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the solution at 0°, there is no minimum and maximum in the middle 
part of the curve. 
Results. 


1. The density-concentration curves for mixtures of water and 
pyridine have been traced at 0° and 25°08°, both curves showing a 
maximum deviation from the line joining the end values in the 
neighbourhood of 30 molecular percentages of pyridine. 

2. The viscosity-concentration curves for similar mixtures have 
been traced at the same temperatures, the maximum deviation again 
occurring in the neighbourhood of 30 molecular percentages of 
pyridine at both temperatures. 

3. In neither of the above cases was any evidence found of the 
existence of the discontinuities mentioned by Dunstan, Thole, and 
Hunt (loc. cit.). 

4, The surface tension of mixtures of pyridine and water has been 
determined at 0° and 25°, and the “surface excess”’ of pyridine in 
dilute solutions has been calculated to be 0°16 milligram per sq. 
metre, corresponding with an increase of concentration of 3:2 
milligrams per c.c. in the surface layer. 

5. The molecular conductivity of lithium nitrate dissolved in 
pyridine-water mixtures has been determined at 0° and 25° at 
dilutions varying from v=8 to v=1024, and the values at infinite 
dilution have been obtained by extrapolation. 

6. The variation of the sum of the ionic mobilities at infinite 
dilution, due to changes in the size of the solvent atmospheres attached 
to the ions, has been estimated for these solutions by means of Stokes’s 
theorem. 

7. It has been shown that the form of the molecular conductivity 
curves for these solutions may be explained as the result of variations 
in the coefficient of ionisation, the fluidity of the solution, and the 
aggregation of solvent particles round the ions. 

We intend to continue this investigation. 


We desire to express our best thanks to the Research Fund 
Committee of the Chemical Society for a grant which defrayed part of 
the expenses of this investigation, and also to Mr. D. H. Nagel, M.A.., 
Trinity College, Oxford, for much valuable advice during the progress 
of the work. 
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LL—The Viscosity of Aqueous. Pyridine Solutions. 
By Avpert Ernest Dunstan and FexDiNnAND Bernagp HOLE. 


In the preceding paper (compare also Proc:., 1908, 24, 22), Hartley, 
Thomas, and Applebey, dealing with the viscosity of aqueous solutions 
of pyridine, point out that the results they| obtained showed consider- 
able discrepancies when compared with ‘those brought forward by 
Dunstan, Thole, and Hunt (Trans., 1907, 91, 1728), in that the latter 
authors had represented the viscosity curve as discontinuous, whereas 
they found that their experimental points la'y on a smooth curve. 

It is obvious that, although for the sak'e of clearness the curve 
obtained by Dunstan, Thole, and Hunt was‘ shown in discontinuous 
sections, yet could sufficient points be determijned, each section would 


Fie. 1. 
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Density. 


gradually merge into the next. In reality, the discontinuous 
extremities are of the nature of tangential prolongetions of the actually 
continuous sections of the curve. 

The present authors, however, thought it advisable to repeat their 
work up to concentrations of 60 per cent. of pyridine, for beyond this 
point their curve agrees sufficiently well with that of Hartley, Thomas, 
and Applebey. 


The following are the numbers obtained : 


Percentage | Percentage ; 
of pyridine. Density *°/,. Viscosity. of pyridine. Densi ty 25/,. Viscosity. 
0-0 09972 0-00891 | 35°49 1-04)23 0:01778 
4°98 0°9988 0°09910 37°67 1 0,025 0°01880 
10°01 0'9993 001135 | 40°18 101925 001884 
15°09 1:0002 001262 =| 45°03 10027 0°02005 
15°57 10003 0:01270 50°03 100928 0°02106 
23°87 10014 001485 = 55°19 1:00:26 0702194 
30°02 1:0018 0°01620 60°08 1:00'24 002259 


35°23 1:0025 001780 | 100-00 0 97:63 000879 
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The new curve, Fig. 1, agrees very well with the original one. There 
are the same “ discontinuities ” at about 10 per cent. and 32 per cent, 
of pyridine, although th» material used (obtained by distilling 
Kahlbaum’s purest product over potassium hydroxide) had a slightly 
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higher boiling pjoint, 116°/782 mm., and a lower density, namely, 
0:9763, than our/ previous sample (114-4—114°8°/758 mm. and 0°9783). 

fact, it should be mentioned that our original curve 
and Hartley, Thjomas, and Applebey’s are by no means strikingly dis- 
crepant, for fou/rteen of our points lie on or very near to his curve and 
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only two are well off it. Moreover, we made a larger number of 
determinations and drew our curve by the aid of a flexible lath. 
The difference is really » matter of interpretation of results: whether 
it is valid or not to regard as permissible the existence of ‘ sections ”’ 
in a curve connecting a physical property and percentage composition. 
This we submit is a matter for individual judgment. 

It should, however, be borne in mind that the “ discontinuities ”’ 
are very small in comparison with the general appearance of the curve, 
and are of slight importance so far as our general conclusions are 
concerned. Quite recently, Kremann (Monatsh., 1907, 28, 831) in an 
elaborate survey of the question as to the existence of molecular com- 
pounds in solution has accepted these conclusions and confirmed them 
by a considerable amount of experimental data. Hartley, Thomas, 
and Applebey’s work also confirms our conclusion that pyridine—water 
falls into Class II of our system. 

Further support is afforded by the work of Holmes (Trans., 1906, 
89, 1774), who obtained a density curve for pyridine—water which is 
distinctly discontinuous. 

Lastly, Hartley, Thomas, and Applebey’s own results show a 
discontinuity at approximately the same position as one of ours 
(see Fig. 2), although it is difficult to find the others, owing to the lack 
of sufficient points. 


East Ham TECHNICAL COLLEGE, 
East Haw, E, 


LII.—The Action of Thionyl Chloride and of Phosphorus 
Pentachloride on the Methylene Ethers of Catechol 
Derivatives. 


By Grorce BarceEr. 


THe synthesis of compounds containing an ortho-dihydroxybenzene 
nucleus is generally attended with difficulty owing to the instability of 
this nucleus. On the other hand, the methylene ethers of many such 
compounds are easily obtainable from piperonal, which substance, 
like benzaldehyde, readily undergoes a variety of reactions. The 
transformation of the methyiexe ethers into the phenolic compounds 
presents, however, considerable difficulty. Although the methylene 
group is somewhat more easily removed than methyl groups, the 
usual reagents for the preparation of phenolic compounds from the 
corresponding alkyl ethers generally bring about the disruption of 
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the molecule, when applied to catechol derivatives. One of the few 
examples of the successful application of such reagents is the 
preparation of protocatechualdehyde from piperonal by heating with 
dilute hydrochloric acid or with acid salts to 150—190° (D.R.-P. 
16784 of 1904). 

A peculiar reaction of the methylene ethers of catechol deriva- 
tives was discovered long ago by Fittig and Remsen (Annalen, 187], 
159, 144), and applied by them to piperonal and to piperonylic acid. 
By heating the former substance with phosphorus pentachloride, they 
obtained a tetrachloro-derivative, which undoubtedly has the consti- 
tution Cl,:C:0,:C,H,-CHCl,. By treatment with cold water, two 
chlorine atoms are replaced by an oxygen atom, and, according to 
Fittig and Remsen, this substance, termed dichloropiperonal, has the 
constitution Cl,:C:0,C,H,"CHO. By boiling water it is hydrolysed 
to carbon dioxide, hydrochloric acid, and protocatechualdehyde. 

Recently, Pauly (Ber., 1907, 40, 3096) has examined this reaction 
more closely, and described an interesting intermediate compound. 
He, for the first time, obtained dichloropiperonal quite pure (by distil- 
lation under reduced pressure) and was further able to replace the 
remaining pair of chlorine atoms of this substance by an oxygen 
atom (by heating with anhydrous oxalic acid, and by other means). 
Pauly thus obtained the cyclic carbonate of protocatechualdehyde, 


CHO-C,H,<Y>cO, When boiled with water, this substance breaks 
6-8 


up into carbon dioxide and protocatechualdehyde, and, for this reason, 
escaped the notice of Fittig and Remsen. 

With the view of preparing other catechol compounds from the 
corresponding methylene ethers, the author was led to investigate the 
action of thionyl chloride, in consideration of the fact that the latter 
substance has often shown itself superior to phosphorus pentachloride 
in the preparation of acid chlorides. In a preliminary experiment, 
thionyl chloride was caused to act on piperonal. Up to 150°, scarcely 
any action took place, but at 180° an almost quantitative yield of 
“dichloropiperonal ”’ was obtained on removal of the excess of thionyl 
chloride employed. The effect of heating with thionyl chloride was 
therefore the same as heating with- phosphorus pentachloride, and 
subsequent treatment with cold water. When substances containing 
two catechol nuclei were employed, such as piperonyloin, some difli- 
culty was at first experienced in interpreting the reaction. By 
heating with thionyl chloride, piperonyioin yielded a substance con- 
taining only two chlorine atoms. Since boiling water converted the 
dichloro-compound into a substance with two free catechol nuclei,* 
both methylene groups had .been attacked (as, indeed, one might 


* An accouat of thes: an similar substances jwill bejpublished ater. 
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expect). On Fittig and Remsen’s view, the substance should therefore 
have contained four chlorine atoms, and the question arose whether 
‘‘dichloropiperonal ” is not in reality the cyclic carbonate of piperonyl- 
idene chloride, and whether it should not be formulated as 


0:0<0>0,H,-CHC,, 
instead of Cly:0<0>0,H, CHO, as supposed by Fittig and Remsen 


(and also by Pauly). Further experiments seem to leave no doubt 
that the former constitution is the correct one. That thionyl chloride, 
or phosphorus pentachloride and cold water, transforms methylene 
ethers of catechol derivatives into the corresponding cyclic carbonates 
was proved by their action on methylenedioxybenzene itself, and 
on piperonylic acid. Phosphorus pentachloride converts methylene- 
dioxybenzene into a chloro-derivative of the probable constitution 


C1, 0<0>0,H, and this is changed by cold water toa chlorine-free 


substance, the cyclic carbonate of catechol, 0:0<0>0,H, which 


has already been prepared by the action of carbonyl chloride on the 
sodium derivative of catechol. 

The action of phosphorus pentachloride on piperonylic acid has 
already been investigated by Fittig and Remsen. According to these 
authors, cold water converts the crude liquid product of the reaction 
into a solid chloro-acid, to which they assigned the constitution 
Cl,:C:0,:C,H,-CO,H. Since the chlorine content of the (somewhat 
impure) preparation corresponded more closely with one atom of 
chlorine only, they suggested that a further change takes place under 
the influence of cold water, resulting in a substance of the constitution 


HS>C<E>0,H,°C0,H, but owing to the poor agreement of their 


analytical results with the calculated values, they did not attach much 
importance to this suggestion. The explanation is now, however, 
obvious. The supposed chloro-acid was in reality the cyclic carbonate 


of protocatechuoyl chloride, o:0<2>0,H,-Cocl, and the carbon 


and hydrogen content found by Fittig and Remsen agrees closely with 
that required by the above formula : 


Found (by Fittig and Remsen), C= 48-43 ; H = 2-01. 
C,H,0,Cl requires C = 48°36 ; H=1°51 per cent. 

The chlorine found by them was somewhat low, 16°81 instead of 
17°88 per cent., as might have been expected after treatment of an acid 
chloride with water. 

The behaviour of the substance towards hydroxyl and amino-groups 
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agrees in every respect with that of an aromatic acid chloride, and 
leaves no doubt as to its constitution. It has been employed in 
the synthesis of new catechol derivatives, a number of which are 
described below. 

In accordance with what has been said above, the carbonate of 
protocatechuoyl chloride should be produced directly from piper- 
onylic acid by the action of thionyl chloride at 180°, and this was 
indeed found to be the case. On removal of the excess of 
thionyl chloride in a vacuum, the acid chloride remains behind as 
a crystalline mass, and it was in this experiment that its true 
nature was first recognised. 

The direct production of cyclic carbonates by successive treatment 
of methylene ethers with phosphorus pentachloride and with cold 
water has already been observed by Delange (Compt. rend., 1904, 
138, 423 and 1701) who obtained in this way the cyclic carbonates 
of 3 :4-dihydroxy-1-ethyl-, -a-1-propyl-, and -1-isopropyl-benzene. 

It seems safe to conclude from the above evidence that the two 
chlorine atoms which are introduced by phosphorus pentachloride 
into the methylene group are much more labile than ‘any other 
chlorine atoms which may be introduced at the same time into 
another part of the molecule. By cold water, moist air, anhydrous 
formic acid, glacial acetic acid, or acetic anhydride (Delange) they 
are replaced by an oxygen atom; thionyl chloride introduces this 
oxygen atom at the outset. The violence with which these two 
chlorine atoms react with hydroxyl- and amino-groups is without 
parallel among aromatic chloro-compounds, although not surprising 
if we regard the substances in question as the dichlorides of an 
etheres salt of orthoformic acid. If we consider that benzylidene 
chloride requires heating with water to 140—160° in order to con- 
vert it into benzaldehyde, we should not expect the carbonate of 
dihydroxybenzylidene chloride to react with cold water. The two 
chlorine atoms, which Pauly replaced by an oxygen atom in the 
production of protocatechualdehyde carbonate, are therefore those of 
the aldehyde group and not, as he seems to imagine, those in the 
carbonyl (methylene) group. 


EXPERIMENTAL. 
Conversion of Methylenediounybenzene into Carbonyldioxybenzene. 


1:45 Grams of crude methylenedioxybenzene, b. p. 170—180°, con- 
taining a little methylene iodide, and obtained by the action of 
methylene iodide on disodium catechol (Moureu, Bull. Soc. chim., 
1896, [iii], 15, 655) were heated for half an hour under a reflux 
condenser with 3°5 grams (2 mols.) of phosphorus pentachloride. 
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After removal of the phosphorus trichloride by distillation at atmos- 
pheric pressure, the dichloromethylenedioxybenzene, Cl,:CO,:0,H,, 
distilled in a vacuum at about 90°. On treating the distillate with 
cold water, hydrogen chloride was evolved and 0°75 gram of a white, 
chlorine-free solid resulted, which, when crystallised from benzene, 
melted at 119°, The melting point was not changed by mixing 
with a specimen of carbonyldioxybenzene (obtained by means of 
carbonyl chloride). The latter specimen melted at 119°5°. 


Action of Thionyl Chloride on Piperonyl Alcohol. 


Two grams of piperonyl alcohol * were dissolved in 6 c.c. of thionyl 
chloride; an energetic reaction took place at once (formation of 
piperonyl chloride), and the solution was then heated in a sealed tube 
to 180° for seven hours. After removal of the excess of thionyl 
chloride, the product of the reaction distilled at 165—183°/12 mm. 
On boiling the distillate with formic acid, a more than 50 per cent. yield 
of 3:4-carbonyldioxy benzoic acid was obtained. The piperonyl chloride 
had therefore been oxidised to carbonyldioxybenzoyl! chloride, 

0:C:0,:C,H,°COCI 
(b. p. 166—167°/13 mm.). 

The action of thionyl chloride on benzyl alcohol at 180° was next 
examined, and found to be completely analogous. The product of the 
reaction was evidently a mixture of benzyl and benzoyl chlorides, and 
the highest fraction, boiling at 198°, yielded benzoic acid. 

Phosphorus pentachloride acting on piperony! alcohol produced a tar 
from which nothing could be isolated. 


3: 4-Carbonyldiorybenzoyl Chloride, O:C:0,:C,H,*COCI. 


Piperonylic acid heated with an excess of thionyl chloride on the 
water-bath furnishes piperonyl chloride, melting at 80°, and boiling at 
140—141°/8 mm., which has already been prepared by Perkin and 
Robinson (Proc., 1905, 21, 287) by means of phosphorus trichloride. 


At a higher temperature, thionyl chloride forms 3 : 4-carbonyldioxy- 


benzoyl chloride, the methylene group being also attacked. 
Two grams of piperonylic acid were heated with 6 c.c. of thionyl 
chloride to 180—200° for eight hours. On distilling off the excess 


* The piperonyl alcohol and piperonylic acid employed in these experiments were 
prepared from piperonal by Cannizzaro’s reaction. Aqueous potassium hydroxide 
was found to be much better than alcoholic, as used by Decker and Koch (Ber., 
1905, 39, 1741), since it gave a larger yield of a purer product. Fifty-six grams of 
piperonal, mixed with 36 grams of potassium hydroxide dissolved in 24 grams of 
water, gave, after standing 24 hours at the laboratory temperature, 28 grams of the 
acid and 22 grams of the alcohol (m. p. 52—53°). 
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of thionyl chloride in a vacuum on the water-bath, a pale brown, 
viscous liquid remained, which crystallised on cooling, and distilled 
at 166—167°/12 mm. On crystallisation from a mixture of benzene 
and light petroleum, it melted at 68°: 


0°1828 gave 0°3278 CO, and 0:0276 H,O. C=485; H=1°7. 
0:1483 ,, 0:1044 AgCl (by boiling with water). Cl=17°4, 
C,H,0,Cl requires C= 48:4 ; H=1°5; Cl=17°9 per cent. 

The compound was also prepared by heating piperonylic 
acid with three molecular proportions of phosphorus pentachloride 
under a reflux condenser for several hours, and gradually dis- 
tilling off the phosphorus trichloride and phosphoryl chloride 
through a fractionating column, so that the temperature of the 
residual liquid at last rose to 160°. On distillation, a little phosphorus 
pentachloride sublimed, and then the product of the reaction distilled 
at 149—150°/12 mm. It was not quite pure, as the reaction was 
incomplete, some unchanged piperonyl chloride being present. 
(Found: Cl=39-2 ; C,H,O,Cl, requires Cl = 42-0 per cent.) 

After the substance had been freed from phosphorus halides, it no 
longer reacted readily with cold water, on account of its insolubility, 
and it was not found possible to convert it easily into a solid product by 
Fittig and Remsen’s methdd. When dissolved in acetone, it reacted 
violently with water, so that the acetone was raised to its boiling 
point. The most convenient method of transformation into 3 : 4-carb- 
onyldioxybenzoyl chloride was found to be prolonged exposure in 
a thin layer to moist air, when in the course of one or two days the 
substance was completely transformed into a hard, crystalline mass, 
which, when recrystallised from benzene and light petroleum, was 
found to be identical with the substance obtained by thionyl chloride 
direct. 

The constitution of the substance is proved by its transformation to 
3 : 4-carbonyldioxybenzoic acid and its derivatives ; all these substances 
can be further changed to the corresponding derivatives of proto- 
catechuic acid by boiling with water. 


3:4-Carbonyldioxybenzoice Acid, O:C:0,.C,H,°CO,H. 


When 3: 4-carbonyldioxybenzoyl chloride is heated with a little 
anhydrous formic acid, it readily dissolves, but soon an energetic 
reaction begins; hydrogen chloride is evolved and 3: 4-carbonyl- 
dioxybenzoic acid separates. By using enough formic acid to keep 
the substance in solution and boiling for a short time, the latter 
at once crystallises out in a condition of analytical purity. Glacial 
acetic acid may be used instead of formic acid, and dichloropiperonyl 
chloride may be employed instead of carbonyldioxy benzoyl] chloride : 


PHOSPHORUS PENTACHLORIDE ON CATECHOL ETHERS. 569 


0:1687 gave 0°3289 CO, and 0°0365 H,O. C=53:'2; H=2°4. 
C,H,0, requires C=53°3 ; H =2°2 per cent. 

3:4-Carbonyldioxybenzoic acid melts at 228° with effervescence. It 
is insoluble in water, and somewhat sparingly soluble in most organic 
solvents in the cold. Its alcoholic solution is not coloured by ferric 
chloride. On boiling the acid with water or with salt solution, it is 
quantitatively converted into protocatechuic acid, which separates in 
white crystals melting at 197—198°. 


Methyl 3 : 4-Carbonyldioxybenzoate, O:C:0,:C,H,*CO,°CH,. 


This substance was prepared by dissolving the acid chloride in 
methyl alcohol without rise of temperature. On the addition of water, 
crystals separated melting at 90°: 

0:1752 gave 0°3549 CO, and 0°0495 H,O. C=55-4; H=3'1. 
C,H,O, requires C=55°7 ; H= 3-2 per cent. 

Methyl 3 : 4-carbonyldioxybenzvate is very soluble in most organic 
solvents, and does not give a reaction with ferric chloride. By 
boiling with water or making alkaline with ammonia, it is changed to 
methyl protocatechuate, which could, however, not be obtained quite 
pure owing to further decomposition, resulting in the formation of 
protocatechuic acid. 


Phenyl-3 : 4-carbonyldioxybenzoate, O:0:0,:0,H,°CO,°C,H,. 


Equimolecular proportions of phenol and of 3 : 4-carbonyldioxy- 
benzoyl chloride were heated together, until the evolution of hydrogen 
chloride ceased. A little benzene was then added to the hot liquid 
and, on cooling, phenyl 3 : 4-carbonyldioxybenzoate crystallised in stout 
crystals, melting at 126°: 


0:1433 gave 0°3458 CO, and 0:0405 H,O. C=65°8; H=3'1. 
O,,H,O; requires C=65°6 ; H = 3:1 per cent. 


Phenyl Protocatechuate, (OH),C,H,*CO,*O,H,. 


The substance just described was suspended in boiling water, and 
dilute ammonia was added drop by drop until all was dissolved. If 
an excess is avoided, the solution scarcely darkens at all. After filtra- 
tion, dilute hydrochloric acid was added drop by drop to the hot 
solution, so that crystals of phenyl protocatechuate separated out. 
The substance was recrystallised from very dilute alcohol and then 
melted at 189°. It is readily soluble in cold alcohol, but almost 

PP 2 
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insoluble in boiling water; its solution is coloured green by ferric 
chloride : e 
0°1090 gave 0:2717 CO, and 0:0438 H,O. C=680; H=4'5. 
C,,H,,0,, requires C=67:8 ; H=4°4 per cent. 


Methoxyphenyl 3 : 4-Carbonyldioxybenzoate, 
0:C:0,:C,;H,*CO,°C,H,°O°CHs. 


Prepared like the phenyl derivative from the acid chloride and 
guaiacol, this substance yielded stout crystals, sparingly soluble in 
hot benzene and melting at 159°: 

0°1402 gave 0°3255 CO, and 0:0442 H,O. C=63:3; H=3'5. 

C,,H,,O, requires C= 62°9 ; H=3°5 per cent. 


Methoxyphenyl Protocatechuate, (OH),C,H,*CO,°C,H,°O-CH,. 


Prepared from the compound just described in the same way as the 
corresponding pheny] derivative, it yielded prisms melting at 194°: 
01598 gave 0°3768 CO, and 0°0680 H,O. C=643; H=4:7. 
C,,H,,.0; requires C=64°6 ; H=4°6 per cent. 


Protocatechuamide, (OH),C,H,-CO*NH,. 


The preparation of this substance presented some difficulty owing to 
the instability of the carbonyl group towards ammonia. When 3: 4- 
carbonyldioxybenzoyl chloride was treated with dry ammonium 
carbonate, a substance resulted which gave a green coloration with 
ferric chloride, and could not be obtained crystalline. By passing dry 
ammonia into the acid chloride dissolved in carefully dried benzene, 
a white, amorphous precipitate was immediately formed, which was 
collected and dried in a vacuum desiccator over paraffin wax and 
sulphuric acid. It was expected that the precipitate would consist of a 
mixture of ammonium chloride and 3 : 4-carbonyldioxybenzamide, and 
it was hoped that the former substance could be extracted by water. 
Almost the whole of the precipitate dissolved, however ; on prolonged 
standing crystals separated. These were recrystallised from ethyl 
acetate, in which they were but sparingly soluble, and they then 
melted at 131° with effervescence. The new substance was probably 
a urethane of protocatechuic acid, having the formula : 


NH, O02>0,H,CO-NH,. 
0°1088 gave 12°3 c.c. moist_nitrogen at 15-5° and 764 mm. N =13°3. 
O,H,0,N, requires N = 14:3 per cent. 
Protocatechuamide was, however, obtained by keeping 3 : 4-carbonyl- 
dioxybenzoyl chloride with an excess of dry liquid ammonia in a sealed 
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tube at the laboratory temperature for two days. On allowing the 
excess of ammonia to evaporate at the ordinary temperature, a red 
solid remained, which was completely freed from ammonia in a 
vacuum over sulphuric acid and then crystallised from water. 

The crystals were somewhat coloured and melted at 212°. With 
ferric chloride they gave an intense green coloration : 


0'2392 gave 18°7 c.c. moist nitrogen at 5° and 770 mm. N=9°7. 
C,H,O,N requires N = 9:2 per cent. 


3 : 4-Carbonyldioxybenzanilide, O:C:0,C,H,°CO-NH-O,H,. 


Two molecular proportions of aniline, dissolved in a little benzene, 
were added to 0°5 gram of 3: 4-carbonyldioxybenzoyl chloride, 
dissolved in 10 c.c. of benzene. A precipitate consisting of the 
anilide and of aniline hydrochloride was formed. On extracting the 
precipitate with water, the anilide remained behind and was then 
crystallised from boiling alcohol and subsequently from ethyl 
acetate. It formed white, hair-like needles melting sharply at 214°: 


02271 gave 11:0 c.c. moist nitrogen at 14° and 766 mm. N=5°7. 
C,,H,O,N requires N=5°5 per cent. 


Protocatechuanilide, (OH),C,H,"CO*NH°C,H,. 


3 :4-Carbonyldioxybenzanilide was dissolved in pyridine and an 
equal volume of water was then added; bubbles of carbon dioxide 
were given off. After removal of most of the pyridine by distillation, 
white, glistening plates separated, consisting of protocatechuanilide. 
The hydrolysis of the carbonate can also be performed by suspending 
it in boiling water, and adding dilute ammonia, drop by drop, as 
described for phenyl protocatechuate. The substance retains water at 
100° and was dried at 115° until of constant weight : 

0:1441 gave 0°3591 CO, and 00606 H,O. C=680; H=4°7. 

03177 ,, 16°6 c.c. moist nitrogen at 14° and 766 mm. N=6:2. 

C,,H,,0,N requires C= 68:1; H=4:8; N=6:1 per cent. 

Protocatechuanilide melts at 166—167°. It is sparingly soluble 
in hot water, but readily so in hot alcohol; its solutions gave the 
characteristic green coloration with ferric chloride. The substance 
has been prepared before from protocatechuic acid by Schiff (Ber., 
1882, 15, 2589) and by Thibault (Bull. Soc. chim., 1904, [iii], 31, 
920). The latter author criticises Schiff’s method of preparation 
and himself gives the melting point 154—156°. The analytical 
figures and the melting point given above would, however, appear 
to refer to a purer specimen, and illustrate the advantage of pre- 
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paring catechol derivatives, when possible, from the corresponding 
methylene ethers by way of the cyclic carbonates. 


Action of Thionyl Chloride and of Phosphorus Pentachloride on 
Piperonal. 


Two grams of piperonal were heated with 8 cc. of thionyl 
chloride to 220° for seven hours. On removal of the excess of 
thionyl chloride in a vacuum on the water-bath, a viscous liquid 
remained behind, which crystallised from benzene and _ light 
petroleum and was found to be 3:4-carbonyldioxybenzylidene 
chloride (“dichloropiperonal”’). The yield was 60 per cent. The 
“ dichloropiperonal dichloride” of Fittig and Remsen, formed by 
the action of phosphorus pentachloride on piperonal, was found 
to distil without decomposition at 152—153°/9 mm., but could, 
nevertheless, not be obtained quite pure. (Found, Cl=5035; 
€,H,0,Cl, requires Cl=51°8 per cent.) 

The impurity was probably a trace of unchanged piperonal 
dichloride. The tetrachloro-compound was obtained crystalline by 
cooling it in carbon dioxide and acetone, and was found to melt at 
14—15°. It is very soluble in all organic solvents, including light 
petroleum. The two chlorine atoms of the methylene group are 
replaced by an oxygen atom through the action of anhydrous formic 
or acetic acid in the cold; on boiling, the second pair of chlorine 
atoms is removed, with the formation of Pauly’s cyclic carbonate of 
protocatechualdehyde. 

Piperonal dichloride, which was cursorily referred to by Fittig and 
Remsen, has now been obtained pure. When piperonal is mixed with 
one molecular proportion of phosphorus pentachloride, enough heat is 
developed to liquefy the mixture and almost complete the reaction. 
On distilling the phosphoryl chloride under atmospheric pressure, 
the residue left in the flask became dark blue and a certain amount of 
decomposition took place. Most of the substance, however, distilled 
constantly at 141°/8 mm. and at once crystallised in the receiver ; the 
yield was 60 per cent. of the theoretical : 

0:2024 gave 0°2796 AgCl. Cl=34:2. 

C,H,0,Cl, requires Cl=34°6 per cent. 

Piperonal dichloride forms large, acicular crystals from a mixture of 
benzene with much light petroleum, and melts at 59°. It resembles the 
closely related carbonate of protocatechualdehyde dichloride (“ dichloro- 
piperonal ” of Fittig and Remsen). Both substances are unstable in 
moist air and gradually turn blue, and both are readily converted into 
the corresponding aldehyde by boiling with formic acid. Piperonal 
dichloride was by this means reconverted into piperonal, melting at 37° 
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and boiling at 133°/8 mm. When piperonal is heated with an excess 
of thionyl chloride on the water-bath, the same dichloride is slowly 
formed. 


The author desires to express his thanks to Mr. A. J. Ewins, B.Sc., 
for his valuable assistance. 


THE WELLCOME PHYSIOLOGICAL RESEARCH LABORATORIES, 
HERNE Hit, Lonpon, S8.E. 


LIII.—Eaperiments on the Synthesis of the Terpenes. 
Part XII. Synthesis of Terpins, Terpineols, and 
Terpenes derived from Methylisopropyleyclopentanes, 
Me*C,H,*CHMe,. 

By Water Norman Hawortu and Witi1amM Henry Perkin, jun. 


THE investigation of the naturally occurring members of the camphor 
and terpene series has shown that almost the whole of these substances 
are derived, either directly or indirectly, from one of the modifications 
of methylisopropyleyclohexane, Me*C,H,,.°CH Me,. 

The terpenes derived from natural sources have the composition 
C,,H,,, and a search for lower terpenes of the composition C,H,,, 
which might possibly be derivatives of methylisopropylceyclopentane, 
Me*C,H,*CHMe,, has disclosed only two such substances, and these 
are of doubtful constitution. Semmler (Zer., 1902, 35, 2047) found 
that sabinene ketone, when converted into the semicarbazone and then 
digested with 25 per cent. sulphuric acid, yields a hydrocarbon, C,H,, 
(b. p. 165—166°). Since the molecular refraction shows that this 
hydrocarbon is doubly unsaturated, Semmler suggests that its 
formation may be assumed to take place in accordance with the 
scheme : 


OH,:CH OH,:OH 
NH,-CO-N,H:0€ — “Sc-CHMe, ine one sate 
UH-CH, CMe—— 


/ OCH 


Jo Meg 


—> CH CH:CMe:CH 
Nome “ . 
1-Methy]-2-isopropenyl-A°-cyc/opentene. 
Subsequently Semmler (Ber., 1904, 37, 237) described a hydro- 
carbon, C,H,,, of boiling point 144—146°, which he obtained from 


dihydrocamphory] alcohol, C,H,,0, by heating with anhydrous oxalic 
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acid, but this substance evidently has the formula C,H,,. The only 
other terpene from natural sources* which has the composition C,H,,, 
which we have been able to find, is santene, an optically inactive 
hydrocarbon which was discovered by F. Miiller (Arch. Pharm., 1900, 
238, 366) in the low boiling fractions of sandal wood oil. This 
hydrocarbon distils at 139—140°, yields a blue nitroso-chloride (m. p. 
108°), and a crystalline hydrochloride, C,H,,,HCl (m. p. 80°). Semmler 
(Ber., 1907, 40, 4595) subsequently showed that the molecular 
refraction proves that this substance contains only one double linking, 
and that it must, therefore, be bicyclic, and this led him to suggest 
the formula 

fis ‘CH, \ 

Z_CMe— > CMe 
*\GH, - OH, 


as probably representing the formula of santene. 

Aschan (Ber., 1907, 40, 4918) has also recently carefully investi- 
gated santene, and confirmed the composition, C,H,,, the boiling 
point, 140°, the molecular refraction, and has also described other 
interesting properties of the hydrocarbon. 

The consideration of these and of other facts connected with the 
chemistry of the terpenes led us to think that it would be interesting 
to attempt the synthesis of terpenes, analogously constituted to 
dipentene, but containing a closed ring of five-carbon atoms in the 
place of the six-carbon ring of that hydrocarbon, 


CMe <on oH cH: CMe:CH, OMe dee 2>CH-OMe:CH, 


Diaaiine. 1-Methy1-3- Pes: SEE A°-cyclopentene. 


and the present paper contains an account of the experiments which 
we have made in this direction. 

A short time ago (Trans., 1906, 89, 1641), Kay and Perkin 
showed that ethyl butane-a8é-tricarboxylate reacts with sodium with 
the formation of ethyl cyclopentanone-2 : 4-dicarboxylate, a decom- 
position which they formulated thus: 


CO,Et-CH, i: CO-CH, 
C0, Et-CH, CH, Ot OO2E* => oo, n-GH-0n, 


The ester so produced is decomposed by boiling with dilute sulphuric 


>CH-C0, Et. 


* A terpene, C,H,,, obtained synthetically by Matsubara and Perkin (Trans., 
1905, 87, 657), is A*:*)-normenthadiene (b. p. 161°), and is known to contain a 
closed chain of six-carbon atoms and to have the constitution : 


CH,--CH JER 
A > oo , 
‘OH, ‘CH, Me 
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acid, with elimination of carbon dioxide and alcohol, and formation of 
cyclopentanone-3-carboxylic acid, 


co< CH ‘CHS 0H-00,H. 


In continuing these cdsiilinb we have been able to prove (p. 576) 
that the condensation by means of sodium takes place in a different 
direction from that represented above, and that the product is in reality 
ethyl cyclopentanone-2 : 3-dicarboxylate, 

CO, Et:CH,*CH 

2 CO,Ei-CH. > CH'CO,Et —> conto CO, ee CH CO,Et, 

so that this view of this condensation is to be substituted for that 
given in the earlier paper. This change does not make any difference 
in regard to the constitution of the keto-acid, since the 2: 3- and 
2 : 4-dicarboxylic esters will both yield the same keto-acid on hydrolysis. 
We next investigated the action of magnesium methyl] iodide on ethyl 
cyclopentanone-3-carboxylate, and obtained a small quantity of 
1-methyl-3-isopropenoleyclopentene, which distils at 100—105° (30 mm.) 
and the formation of which may be represented thus : 


CO<CHs HS>0H-00,E6 —> OMe<CHCHScH-cMe,-0H, 
2 2 


although the double linking (A5) may be in the position A}. 

This carbinol is the terpineol of the five-carbon series, and, when 
shaken with dilute sulphuric acid, it is converted into the corresponding 
terpin, 1-hydroxy-1-methyl-3-isopropenolcyclopentane (1), 

HO-CMe< C830: ScH-CMe,OH 
2 
(I.) 
CH,°CH 
HO: CMe< oy? CH CH CMe,‘0H 
(II. ) 
a crystalline substance which melts at 75°, and is especially interest- 
ing on account of its relationship to ordinary terpin (II). 

Lastly, a small quantity of a hydrocarbon, 1-methyl-3-isopropenyl- 
cyclopentene, is produced during the -action of magnesium methyl 
iodide on ethyl cyclopentanone-3-carboxylate, which distils at about 


150°, and is the representative of dipentene in the pentane series, It 
is probable that its constitution is represented by the formula 


oMe<Oy > CH-CMe:CH, 


but the position of the double linking in the ring is doubtful. 

A second series of experiments, designed with the object of syn- 
thesising other terpins, terpineols, and terpenes of the pentane series, 
was carried out in the following manner. 


576 HAWORTH AND PERKIN: EXPERIMENTS ON THE 


The sodium derivative of ethyl cyclopentanone-2 : 3-dicarboxylate 
was digested with methyl iodide, and thus converted into ethyl-2- 
methylcyclopentanone-2 : 3-dicarboxylate, 


CO<GHT00.1 E> OH: CO,Et —> CO<GM(C0, aes CO, Et. 


When this ester is hydrolysed by dilute hydrochloric acid, it yields a 
small quantity of 2-methylcyclopentanone-3-carboaylic acid (m. p. 95°), 


CH,:CH. 
C0 oA Me 2>0H:CO,H, 


but by far the larger proportion of the ester is further hydrolysed 
with the formation of pentane-Bye-tricarboxylic acid (m. p. 177°), 
CO,H:CHMe-CH(CO,H)-CH,°CH,°CO,H. 

In order to prove the constitution of the latter acid, it was prepared 
synthetically by digesting the sodium derivative of ethyl cyano-f- 
methylsuccinate with ethyl (-iodopropionate and _ subsequently 
hydrolysing the resulting ethyl y-cyanopentane-Bye-tricarboxylate with 
concentrated hydrochloric acid : 

CO, Et-CHMe-CNa(CN)-CO,Et + CH,I°-CH,-CO,Et —> 
CO, Et-CH Me-C(CN)(CO,Et)-CH,-CH,:CO,Et —> 
CO,H:CHMe-CH(CO,H):CH,°CH,*CO,H. 

The acid thus synthesised melted at 177°, and was identical with 
that obtained by the hydrolysis of ethyl 2-methyleyclopentanone-2 : 3- 
dicarboxylate, and this fact clearly proves that the product of the 
action of sodium on ethyl butane-a8d-tricarboxylate (Kay and Perkin, 
loc. cit.) must be ethyl cyclopentanone-2 : 3-dicarboxylate, and cannot 
be ethyl cyclopentanone-2 : 4-dicarboxylate, 


CO< CH (CO Et) "CH? >CH-CO, Et, 
wary 


as was first thought to be the case, since the latter ester, after 
methylation, could not yield pentane-Bye-tricarboxyiic acid as the 
product of hydrolysis. When ethyl pentane-Bye-tricarboxylate is 
treated with sodium, it readily-undergoes internal condensation with 
the formation of ethyl 2-methyleyclopentanone-3 : 5-dicarboxylate, 
080 GH ME CHC0,Et —> CO< OH CEE) CH: CHO, Et, 
and this ester, on hydrolysis with hydrochloric acid, yields 2-methyl- 
cyclopentanone-3-carboxylic acid (m. p. 95°), 


00 '>CH-CO,H, 


of which mention has already been made, and, indeed, nearly all of this 
_ keto-acid which we required in such large quantities for this 
research was made in this way. When the keto-acid is reduced with 


> oOo &Ff¢ © = Se — fF se 


> tt 
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sodium amalgam, it is converted into 2-methyleyclopentanol-3-carboxylic 
acid, 
: CH,’CH.N arya 
HO CH ome CH CO,H, 

which, although it is a y-hydroxy-acid, distils at 182—185° (20 mm.) 
without conversion into the lactone, a fact which is possibly due 
to the acid, so obtained, being the trans-modification. It reacts 
readily with hydrobromic acid, and is converted into 5-bromo-1-methyl- 
cyclopentane-2-carboxylic acid, CHBr< Cie CH>CH-CO,H, and the 
ethyl ester of this acid is decomposed by boiling diethylaniline with 
formation of an oil which was ultimately shown to be a mixture of 
the esters of the two possible unsaturated acids, 


cH<Cie'CH»ScH-00,H and CHC? >CH-CO,H. 


1-Methyl-A®-cyclopentene- 1-Methyl-A*-cyclopentene- 
2-carboxylic acid. 2-carboxylic acid. 

The oily mixture of acids obtained when the ester is hydrolysed 
could not be separated into the constituents by the fractional crystal- 
lisation of such salts as we prepared, and for a long time there seemed 
to be little prospect of effecting the separation. 

Subsequently, the remarkable fact was discovered that the difference 
in the rate of esterification of the two isomerides and also in the rate 
of hydrolysis of the esters is so great that a complete separation can 
be based on this behaviour. 

The A‘-acid esterifies in contact with alcohol and sulphuric acid at 
the ordinary temperature in a few hours, whereas the esterification of 
the A°-acid is not- complete after four days, and again the ester of the 
A‘-acid is hydrolysed by methyl-alcoholic potash in the cold in a few 
hours, whereas, under the same conditions, hydrolysis of the ester of 
the A°-acid is not complete in five days. This difference in behaviour 
made it possible to work out a complete separation of the two 
acids, and the details of the method are explained on p. 585. The 
two acids are strikingly different in their physical properties. One 
of them is a solid, melts at 131°, and possesses a quite unusual 
facility in crystallising from solvents ; the other is a liquid, distils at 
165° (100 mm.), and shows no sign of crystallising when it is cooled 
in a freezing mixture. 

The next step was to determine the constitutions of these acids, and 
this was done in each case by oxidising with ozone in alkaline solution. 
In these circumstances, the acid melting at 131° yielded y-acetobutyric 
acid ; it must therefore be 1-methyl-A5-cyclopentene-2-carboxylic acid, 


oH< Cie CHs0H-00,H —> CO,H~ Oot cg Cs 
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The liquid acid is converted by oxidation, first with ozone and 
then with chromic acid, into a-methyltricarballylie acid, a behaviour 
which clearly proves that it is 1-methyl-A*cyclopentene-2-carboxylic 
acid, 


CH-CB, CO,H-CH, 
on” \cH-00,H —> ©0,H \ou-co,H. 
~ \cHMe-” \cHMe——7” 


The next step was the investigation of the action of magnesium 
methyl iodide on the ester of the A*-acid, a process which resulted in 
the formation of an almost quantitative yield of 1-methyl-2-isopropenol- 
At-cyclopentene (1) : 


CHE >CH-CMe,0H HO: CHE M2 >OH-CMe, OH. 
(I.) (II.) 

This interesting substance distils at 95° (30 mm.), and resembles 
terpineol in odour and in the fact that, when shaken with dilute 
sulphuric acid, it yields the corresponding terpin, namely, 5-hydroxy- 
1-methyl-2-isopropenolcyclopentane, which crystallises well, melts at 72°, 
and probably has the constitution (II), but the hydroxyl group in the 
ring may obviously be situated in the position 4. In one respect in 
particular, the carbinol differs in a striking way from terpineol. 
It is well known that terpineol is readily and almost quantita- 
tively converted into dipentene when it is heated with dehydrating 
agents, but the most unexpected difficulties were encountered in 
attempting the analogous elimination of water. from the carbinol. 
Ultimately we were able, by employing succinic anhydride as 
the dehydrating agent, to obtain a small quantity of 1-methy/-2- 
isopropenyl-A*-cyclopentene, 


CH-CH, 
CH<GaMet CH'CMe:CH,, 


and this interesting hydrocarbon was found to distil at 143—145° 
(770 mm.), and to have an odour closely resembling that of dipentene. 

When other dehydrating agents were employed, the product 
consisted almost entirely of polymerised hydrocarbons, one of which 
distilled at 170—175° (20 mm.), and evidently had the constitution 
(CyH4)>. 

The first example of this kind of polymerisation was met with 
during the investigation of the action of potassium hydrogen sulphate 
on A®-normenthenol(8) (Matsubara and Perkin, Trans., 1905, 87, 
668), when only a small quantity of A****-normenthadiene, C,H,,, was 
formed, and the product consisted principally of dinormenthadiene, 
(C,H,,)., which distilled at 170—172° (16 mm.), or at practically the 
same temperature as the polymeride mentioned above. Still greater 
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difficulties were met with in investigating the action of magnesium 
methyl iodide on the ester of 1-methyl-A°-cyclopentene-2-carboxylic 
acid, as in this case only a very small quantity of 1-methyl-2- 
isopropenol-A®-cyclopentene (I) is formed, and the product consists 


cH< pH CHS cH-OMeOH = CH<5y2 o> oH-CMe:0H, 
(I.) (II.) 
almost entirely of a polymerised terpene, (C,H,,)., and of other 
higher condensation products, 
It is unfortunate that it was not found possible to obtain 1-methyl- 
2-isopropenyl-A5-cyclopentene (II) in sufficient quantity for character- 
isation, since this terpene has the constitution which Semmler (/oc. cit.) 


suggested for the hydrocarbon which he obtained from sabinene 
ketone (p. 573). 


EXPERIMENTAL. 


Ethyl 2-Methyleyclopentanone-2 : 3-dicarboxylate, 
COG (00, BCH. Et. 

In order to prepare this ester, sodium (23 grams) was dissolved in 
ethyl alcohol (300 c.c.) and, after cooling, 228 grams of ethyl cyelo- 
pentanone-2 : 3-dicarboxylate (Kay and Perkin, Trans., 1906, 89, 
1640) were carefully added, the flask being cooled during the 
addition. 

The deep yellow solution was mixed with methyl iodide (150 grams), 
when little evolution of heat occurred at first, but, on standing, the 
mixture soon became warm, and gradually the temperature rose to the 
boiling point. After remaining for two hours, the reaction was com- 
pleted by heating on the water-bath for an hour, water was then 
added, and the oily ester extracted with ether. The ethereal solution 
was well washed, dried over calcium chloride, and evaporated, when a 
small quantity of the oil was distilled and found to boil at about 170° 
(18 mm.) : 

0°1802 gave 0°3915 CO, and 0°1232 H,O. C=59:2; H=7°6. 

C,,H,,0, requires C=59:5 ; H=7°4 per cent. 


Hydrolysis of Ethyl 2-Methylcyclopentanone-2 : 3-dicarboxylate. 
Formation of 2-Methyleyclopentanone-3-carboxylic Acid, 
H,°CH 
CO cHM . 2>0H:CO,H, 
and Pentane-Bye-tricarboxylic Acid, 
CO,H:CHMe:CH(CO,H)-CH,°CH,:00,H. 


The curious behaviour of ethyl 2-methylcyclopentanone-2 : 3- 
dicarboxylate, on hydrolysis with hydrochloric acid, has been discussed 
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in the introduction (p. 576), and the following experiment has often 
been repeated and always with the same results. The ester was mixed 
with three times its volume of dilute hydrochloric acid (1 vol. cone. 
HCl and 9 vols. of water), and digested in a reflux apparatus for eight 
hours. When the oil had completely dissolved, the air condenser was 
removed, from time to time, in order to allow the alcohol to ‘escape ; 
the solution was saturated with ammonium sulphate, and extracted 
with pure ether, five times by hand and ten times on the shaking 
machine.* The ethereal extract was dried over calcium chloride and 
evaporated, and the residual viscid oil, which consisted of a mixture of 
methyleyc/opentanonecarboxylic acid and pentane-Bye-tricarboxylic acid, 
was esterified by digesting with a 10 per cent. solution of sulphuric 
acid in alcohol for fifteen hours. The product was mixed with much 
ether, water was added, and the ethereal layer, after washing with 
water and dilute sodium carbonate and drying over calcium chloride, 
was evaporated, and the residual oil fractionated under 20 mm. pres- 
sure, when it was somewhat readily separated into two portions 
distilling at 130—135° and 180—185° respectively. 

The lower fraction consists of ethyl 2-methyleyclopentanone-3-carb- 
oxylate : 

0°1310 gave 0°3010 CO, and 0°0988 H,O. C=62°7; H=8-4. 

C,H,,0, requires C=63°5 ; H=8:2 per cent. 

This ester, when hydrolysed with dilute hydrochloric acid, yields 
2-methyleyclopentanone-3-carboxylic acid, which melts at 95°, and the 
preparation and properties of which are described on p. 582. 

The higher fraction is ethyl pentane-Bye-tricarboxylate : 

0°1279 gave 0:2748 CO, and 0°0967 H,O. C=586; H=8-4. 

C,,H,,0, requires C=58°3 ; H=8°3 per cent. 

A small quantity of this ester was digested with hydrochloric acid 
for six hours and evaporated to dryness, when a syrup remained which 
gradually crystallised. The mass was well stirred with a little 
concentrated hydrochloric acid, transferred to porous porcelain, and 
the almost colourless residue crystallised from hydrochloric acid, 
from which the new acid separated as a colourless, sandy powder and 
melted at 177°: 

0°1294 gave 0°2224 CO, and 00710 H,O. C=46°9; H=6'l. 

C,H,,0, requires C= 47:1 ; H=5-9 per cent. 

That this acid is tribasic was shown by titration with decinormal 
sodium hydroxide, when 0°1220 required 0:0713 NaOH for neutralisa- 
tion, whereas this amount of a tribasic acid, C,H,,0,, should neutralise 
0:0719 NaOH. 


* * The last three extractions yielded a syrupy acid, which erystallised on standing 
and proved to be almost pure pentane-fye-tricarboxylic acid. 
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Synthesis of Pentane-Bye-tricarboxylic Acid, 
CO,H:CHMe-CH(CO,H)-CH,°CH,:CO,H, 
Jrom Ethyl Cyano-B-methylsuccinate. 


This synthesis was carried out in order to prove that the acid of 
melting point 177°, obtained as explained in the previous section, is 
pentane-Bye-tricarboxylic acid, and also because it was found to be 
the best method for the preparation of the large quantities of this acid 
required for this research. 

Ethyl cyano-8-methylsuccinate, CO,Et:CH(CN):CHMe-CO,Et (35°5 
grams), prepared from the sodium derivative of ethyl cyanoacetate 
and ethyl a-bromopropionate by the method recommended by Bone 
and Sprankling (Trans., 1899, 75, 853), was converted into the 
sodium derivative by the addition of sodium (3:9 grams) dissolved in 
alcohol (60 ¢.c.) and mixed with ethyl f-iodopropionate (38 grams), 
the whole being kept as cold as possible during the addition. After 
remaining overnight, the product was heated on the water-bath for 
half an hour, mixed with water, extracted with ether, and, after 
washing with water and drying over calcium chloride, the ether was 
evaporated and the residual oil fractionated under reduced pressure, 
when an almost quantitative yield of ethyl y-cyanopentane-Bye-tri- 
carboxylate was obtained as a colourless oil distilling, at 212° 
(25 mm.) : 


0:2060 gave 8-4 c.c. nitrogen at 14° and 752 mm. N-=4'7. 
C,;H,,0,N requires N = 4°5 per cent. 


The cyano-ester was hydrolysed by digesting in a reflux apparatus 
with three times its volume of concentrated hydrochloric acid for 
twenty hours, the condenser being removed every couple of hours for a 
few minutes in order to allow the alcohol to escape. The clear 
solution was evaporated to dryness, and the solid residue of acid and 
ammonium chloride crystallised several times from concentrated 
hydrochloric acid, from which the pentane-Bye-tricarboxylic acid 
separates as a colourless, sandy powder melting at 177°: 

0:1247 gave 0:2137 CO, and 0°0685 H,O. C=46'8; H=6'l. 

C,H,,0, requires C=47'1 ; H=5°9 per cent. 

That this acid was identical with the tribasic acid, C,H,,0,, obtained 
as described on page 580, was proved by the fact that a mixture of the 
two specimens melted at 176—177°. 
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Ethyl 2-Methylcyclopentanone-3 : 5-dicarboxylate, 


CH(CO,Et)-CH 
COOH (COs) CH>SCH-CO,Et. 

The sodium derivative of this ketonic ester is readily formed when 
sodium reacts with ethyl pentane-fye-tricarboxylate under the following 
conditions. Sodium (23 grams) is melted under boiling toluene, and 
vigorously shaken in order to bring it into as fine a state of division 
as possible, the toluene is poured off, the sodium powder washed with 
benzene by decantation, and then mixed with ethyl pentanetri- 
carboxylate (144 grams) dissolved in about 150 grams of pure dry 
benzene. A long air condenser is attached to the flask, and the 
mixture gently warmed on the water-bath until a brisk reaction sets 
in, the flask is then removed from the water-bath, and the reaction 
allowed to proceed without further external heating, and, indeed, it is 
sometimes necessary to cool the flask. After about half an hour, the 
product is heated on the water-bath until the sodium has completely 
disappeared, an operation which requires usually two and a-half hours. 
The brown mass is mixed with ether, the sodium derivative decom- 
posed by ice and dilute hydrochloric acid, and the ethereal solution 
separated. The aqueous solution is twice extracted with ether, the 
combined ethereal extracts are then well washed with dilute sodium 
carbonate, which removes much colouring matter,* and dried over 
calcium chloride. After distilling off the ether and fractionating 
under reduced pressure, almost the whole quantity passes over at about 
180° (25 mm.), and consists of pure ethyl 2-methylcyclopentanone- 
3 : 5-dicarboxylate, the yield being about 70 per cent. of that theoret- 
ically possible : 

0°2000 gave 0°4346 CO, and 0:1368 H,O. C=59:'3; H=7°6. 

C,,H,,0, requires C=59°5 ; H=7-4 per cent. 

This ester is a colourless oil, the alcoholic solution of which gives a 

violet coloration on the addition of ferric chloride. 


2-Methyleyclopentanone-3-carboxylic Acid, 


aCH,°CH, ’ 
CO oH Met CH'00~ H. 

The considerable quantities of this keto-acid which were required 
for this research were prepared either by the hydrolysis of ethyl 


* If the dark-coloured extract is acidified with dilute hydrochloric acid and 
boiled for 5 hours, a considerable quantity of crude 2-methyleyclopentanone-3-carb- 
oxylic acid may be obtained by extraction with ether. It is best purified by con- 
‘version into its ester, and, after fractionating this, hydrolysing with dilute hydro- 
chloric acid, 
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2-methyleyclopentanone-2 : 3-dicarboxylate (p. 579) or of ethyl 2-methyl- 
cyclopentanone-3 : 5-dicarboxylate (see previous section). 

In either case, the ester was digested in a reflux apparatus with 
four times its volume of 10 per cent. hydrochloric acid until solution 
was complete, the condenser being removed from time to time in 
order to allow the alcohol produced to escape. The clear solution 
was saturated with ammonium sulphate and extracted several times 
with pure ether, the ethereal solution was dried over calcium chloride, 
evaporated, and the residue fractionated under reduced pressure, 
when almost the whole quantity distilled at 190—193° (20 mm.) and 
crystallised on cooling. The crystalline mass was left in contact with 
porous porcelain until quite free from oil and then crystallised from 
ether, in which it is readily soluble, but from the concentrated solution 
in which it separates in hard, nodular masses : 

0:1296 gave 02826 CO, and 0:0850 H,O. C=59°4; H=7°2. 

01431 ,, 0:3091 CO, ,, 0°0935 H,O. C=58:9; H=7°2. 

C,H,,0, requires C=59°1 ; H=7:1 per cent. 


2-Methyleyclopentanone-3-carboxylic acid melts at 95°,and is very 
readily soluble in water and most organic solvents ; it is very sparingly 
soluble in cold light petroleum, but dissolves readily on warming and 
separates, when the solution is allowed to cool slowly, as a glistening, 
satiny mass. 

The semicarbazone was prepared by adding semicarbazide hydro- 
chloride and sodium acetate to a hot moderately dilute solution of 
the acid in water. On standing, the clear liquid gradually deposited 
amass of crystals, which were collected and crystallised from water, 
when the semicarbazone was obtained as a sandy powder which 
decomposes at about 200—202° : 


01010 gave 17°6 c.c. nitrogen at 14° and 766 mm. N=20°6. 
C,H,,0,N, requires N = 21-2 per cent. 


The Owime.—In order to prepare this derivative, the pure acid 
(2 grams) was dissolved in water, mixed with hydroxylamine hydro- 
chloride (2 grams) and potassium hydroxide (4 grams), and allowed 
to stand for twelve hours. The solution was acidified, extracted with 
much ether, the ethereal solution dried over calcium chloride, and 
evaporated, when a syrup was obiained which soon crystallised. The 
product was drained on porous porcelain and crystallised from ether, 
from which the oxime separates in crusts, which soften at 140° and 
melt at about 155° with gradual decomposition ; at 160°, the substance 
very rapidly becomes dark brown ; 

01963 gave 15°6 c.c. nitrogen at 18° and 762 mm, N=9°l. 

C,H,,0,N requires N = 8°9 per cent. 
VOL, XCIII. ea 
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This oxime is readily soluble in water or alcohol, but sparingly 
so in dry ether, chloroform, or benzene. 


2-Methyleyclopentanol-3-carboxylic Acid, 
a CH, CH 
HO-CH<— GfpMoe CH COLH. 

The reduction of 2-methyleyclopentanone-3-carboxylic acid was 
carried out by treating the solution of the acid (30 grams) in sodium 
carbonate with 1:5 kilos. of freshly-prepared* sodium amalgam in 
a bottle fitted with a mechanical stirrer, hydrochloric acid being added 
from time to time in such a way that the liquid remained always slightly 
alkaline. The product was acidified with hydrochloric acid, saturated 
with ammonium sulphate, and extracted at least twelve times with 
ether on the machine. The first three extractions contained always 
a small quantity of unchanged keto-acid, and this portion was 
submitted to further reduction ; the other extracts were dried over 
calcium chloride, evaporated, and the viscid syrup distilled under 
reduced pressure, when the pure hydroxy-acid passed over at 
182—185° (20 mm.): 

0°1800 gave 0°3874 CO, and 0°1316 H,O. C=58:'7; H=8:1. 

C,H,,0, requires C=58°3 ; H =8:3 per cent. 

This analysis shows conclusively that, although the substance is 
a y-hydroxy-acid, no lactone formation had taken place during distil- 
lation ; it is therefore probable that the acid prepared by the method 
described above is the ¢rans-modification. 

2-Methyleyclopentanol-3-carboxylic acid is a very viscid syrup, which, 
directly after distillation, sometimes had a pale chartreuse-green 
colour ; it is readily soluble in water. 


5-Bromo-1-methylcyclopentane-2-carboxylic Acid, 


CH,:CH, ' 
CHBr<<01, Met CH 00H. 


In order to prepare this acid, 2-methylceyclopentanol-3-carboxylic 
acid is mixed in a flask with three times its volume of aqueous hydro- 
bromic acid (saturated at 0°), and heated on the water-bath for 
half an hour. The product will have separated into two layers, the 
upper one, consisting of the bromo-acid, is often dark brown while hot, 
and becomes dark blue on cooling. After adding water, the heavy 
oil is extracted with ether, the ethereal solution well washed with 


* The sodium amalgam used in these experiments was always prepared from 
freshly distilled mercury and carefully cleaned sodium because, if this precaution is 
not observed, the reduction of the keto-acid is always very slow and incomplete. 
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water, dried over calcium chloride, and evaporated, when an oil 
remains which always contains some unsaturated acid produced by 
elimination of hydrogen bromide. A specimen which had remained 
for some hours in an evacuated desiccator over sulphuric acid gave 
the following results on analysis : 


0:4131 gave 0°3195 AgBr. Br=33-0. 
C,H,,0,Br requires Br = 38°6 per cent. 


It sometimes happens during the preparation of the bromo-acid that 
a quantity of crystals separate when the product of the reaction is 
allowed to remain overnight. These were collected and recrystallised 
from formic acid, when beautiful, feathery crystals were obtained, 
which melted at 130—131°, and were found to consist of pure 1-methyl- 
A°-cyclopentene-2-carboxylic acid (see p. 586). 

Ethyl Bromomethyleyclopentanecarboxylate.—-This ester was prepared 
by digesting the crude bromo-acid with alcohol containing 10 per cent. 
of sulphuric acid for six hours on the water-bath. Water was then 
added, the oily ester extracted with ether, the ethereal solution washed 
with dilute sodium carbonate, dried over calcium chloride, evaporated, 
and the ester fractionated under reduced pressure, when it distilled at 
160—165° (100 mm.) and at about 145° (50 mm.). 

Owing to the presence of unsaturated esters (see next section), 
analysis always gave a percentage of bromine considerably lower than 
that theoretically required. 


Formation and Separation of 1-Methyl-A*-cyclopentene-2-carboxylic Acid 
and 1-Methyl-A5-cyclopentene-2-carboxylic Acid. 


The esters of these unsaturated acids are produced when ethyl 
5-bromo-1-methylcyclopentane-2-carboxylate (see the last section) is 
digested with diethylaniline. The fraction of the crude bromo-ester 
distilling at 160—170° (100 mm.) was gently boiled with three times 
its volume of pure diethylaniline for two hours, when the elimination 
of hydrogen bromide proceeded smoothly and with very little darkening. 
The product was mixed with much ether, the ethereal solution 
repeatedly extracted with dilute hydrochloric acid, dried over calcium 
chloride and evaporated, and the residual oil fractionated under 
reduced pressure, when almost the whole quantity passed over at 
120—130° (100 mm.). This pungeut and very unpleasant smelling 
oil is a mixture-of the esters of the two acids mentioned at the head 
of this section, and the separation of these acids was accomplished (as 
explained in the introduction) by taking advantage of the fact that 
the ester of 1-methyl-A‘-cyclopentenecarboxylic acid is much more 
readily formed and hydrolysed than that of the 1-methyl-A®-cyclo- 

QQ 2 
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pentenecarboxylic acid. The separation was readily carried out under 
the following conditions. 

The esters (52 grams) were mixed with a cold solution of potassium 
hydroxide (30 grams) in methyl alcohol, when it was noticed that the 
temperature rose slightly, but care was taken that it did not rise at 
any time ahove 20°. After remaining overnight, the product was 
diluted with water, the unchanged ester of the A®-acid extracted with 
ether, and the aqueous solution acidified, when an oily acid separated 
which was extracted with ether. After drying over calcium chloride 
and evaporating, the oily acid was dissolved in methyl alcohol 
(200 ¢.c.) and sulphuric acid (10 ¢.c.) in the cold, and allowed to 
remain for twelve hours. Water was then added, the oily ester 
extracted with ether, and the ethereal extract well agitated with dilute 
sodium carbonate, when, on acidifying the aqueous extract, about 
4 grams of the A®-acid separated at once in a crystalline and almost 
pure condition. This process of esterification and hydrolysis was 
repeated five times, and after the third time it was observed that the 
acid esterified readily and completely, and that the sodium carbonate 
extract did not yield any solid acid on acidification. 

The oil from the fifth esterification distils constantly at 120—122° 
(100 mm.), and is pure ethyl 1-methyl-A*-cyclopentene-2-carboxylate 
(p. 589). 


1-Methyl-A°-cyclopentene-2-carboxylic Acid, 
CH,*CH 
CH<re—2 > CH:CO,H. 


During the process of separation from the A‘-acid by esterification 
(see the previous section), this acid was obtained partly as the free 
acid and partly in the form of its ester. The ester was left in contact 
with a large excess of methyl-alcoholic potash for several days and 
vntil hydrolysis was complete, diluted with water, saturated with 
carbon dioxide, and evaporated until free from alcohol. 

When the cold product was acidified with hydrochloric acid, the 
A®-acid separated at once in a crystalline condition. In order to purify 
the crude acid, it is dissolved in sodium carbonate, digested with animal 
charcoal, and, after filtering and acidifying, the colourless precipitate 
is collected and crystallised either from ether or light petroleum : 

0°1196 gave 0°2932 CO, and 0:0870 H,O. C=668; H=8'l. 

C,H,,0, requires C=66°7 ; H=7:9 per cent. 
1-Methyl-A°-cyclopentene-2-carboxylic acid melts at 130—131°, and is 
readily soluble in ether, alcohol, or hot light petroleum, but sparingly 
so in water or formic acid in the cold. When its ethereal solution is 
allowed to evaporate very slowly, it separates in large, striated, four- 
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sided plates or prisms with bevelled edges, twin crystals being frequent. 
It is readily soluble in warm formic acid (D 1°20), and crystallises 
well from this solvent in long, striated plates. The most convenient 
solvent for recrystallisation is, however, light petroleum (b. p. 
100—110°), from which it separates in needles radiating from a point. 
The solution of the acid in dilute sodium carbonate rapidly decolorises 
permanganate, and the chloroform solution readily decolorises bromine 
(see below). It dissolves in concentrated sulphuric acid to a colourless 
solution, but, when warmed, this rapidly becomes dark reddish-brown, 
and sulphur dioxide is produced in quantity. The finely-powdered acid 
dissolves in much hydrobromic acid (saturated at 0°), but without the 
formation of an additive product, since the solution, especially when 
exposed to air, deposits crystals of the unchanged acid. This behaviour 
is unusual, because acids of this kind usually combine with great 
readiness with hydrobromic acid. The double linking in this methyl- 
cyclopentenecarboxylic acid is in the 1 :5-position, and it was thought 
possible that intramolecular change to the 1 :2-position might take 
place on boiling with alkalis, but this does not appear to be the 
case, since, after digesting with potash, of density 1°3, for ten 
minutes, the acid was recovered unchanged on the addition of hydro- 
chloric acid. 

Ethyl Methyl-A>-cyclopentenecarboxylate.—This ester was prepared by 
digesting the pure acid (12 grams) with alcohol (100 c.c.) and sulphuric 
acid (3 c.c.) for three hours, and, after remaining overnight, the 
product was dissolved in ether, mixed with water, the ethereal solu- 
tion thoroughly washed with water and dilute sodium carbonate, dried 
over calcium chloride, evaporated, and the residual oil fractionated 
under reduced pressure : 

0°1378 gave 0°3530 CO, and 01164 H,O. C=69:9; H=9'1. 

C,H, ,0, requires C=70°1 ; H=9°1 per cent. 

The ester distils constantly at 133°(100 mm.), and has a penetrating, 
unpleasant, and very persistent odour, which closely resembles, but is 
perhaps not quite so pungent as, that of the ester of the A*acid 
(p. 589). 


1 : 5-Dibromo-1-methylcyclopentane-2-carboxylic Acid, 
H,'CH arin 
CHBr<onfeBr2 OH COnH. 

In order to prepare this dibromo-acid, methyl-A°-cyclopentene- 
carboxylic acid (0°5 gram) was dissolved in chloroform (10 c.c.), 
cooled in ice, and bromine added drop by drop, when the colour 
disappeared rapidly at first, but remained when 0°63 gram had been 
added. 
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The end point was, however, not very sharp, and a trace of hydrogen 
bromide was formed. The amount of acid taken requires 0°64 gram of 
bromine to form the dibromo-additive product. The solution was 
poured on a clock glass and left exposed to air until the chloroform had — 
evaporated; the solid residue was then recrystallised from light 
petroleum (b, p. 70—80°) : 

0221 gave 02922 AgBr. Br=56°2. 

C,H,,0,Br, requires Br = 55-9 per cent. 

1 : 5-Dibromo-1-methylcyclopentane-2-carboxylic acid darkens at about 
150°, and decomposes vigorously and becomes black at about 164°. 

It is readily soluble in ether, chloroform, or benzene, but sparingly 
so in light petroleum or formic acid in the cold. When boiled with 
formic acid, it decomposes vigorously, and the solution becomes violet- 
black and deposits black flocks on the addition of water. 

The dibromo-acid is readily decomposed by boiling with methyl- 
alcoholic potash, and the solution has an odour of bromoform ; it is 
also decomposed by silver nitrate and nitric acid in the cold with 
abundant separation of silver bromide. 


Oxidation of 1-Methyl-A°-cyclopentene-2-carboxylic Acid to 
y-Acetobutyric Acid, CH,-CO-CH,°CH,°CH,°CO,H.* 


In this experiment, the pure acid (2 grams) was dissolved in a slight 
excess of dilute sodium carbonate in a test tube, and ozone led through 


* In order to become acquainted with the mechanism of the oxidation of closed 
chain unsaturated acids by ozone, we experimented, in the first instance, with ise- 
lauronolic acid. 

This acid (2 grams) was dissolved in dilute sodium carbonate, and ozone passed 
for about three hours and until it was no longer absorbed. When the clear solution 
was acidified, saturated with ammonium sulphate, and extracted with ether in the 
usual manner, it yielded a syrup which, after remaining in an evacuated desiccator 
over sulphuric acid for a short time, solidified. After rapidly washing on porous 
porcelain with light petroleum (b. p. 30—40°), the substance melted at about 47° 
and proved to be y-dimethylacetobutyric acid : 

0°1297 gave 0°2880 CO, and 0°1050 H,O. C=60°6; H=9°0. 

C,H,,0, requires C=60°8 ; H=8°8 per cent. 

The acid was dissolved in water, mixed with semicarbazide hydrochloride and 
sodium acetate, and warmed on the water-bath, when the semicarbazone separated in 
glistening plates. It crystallised from water as a felted mass of needles, and decom- 
posed vigorously at about 187°. A direct comparison showed that this semicarbazoue 
was identical with that obtained from a specimen of y-dimethylacetobutyric acid 
which had been prepared on a previous occasion (Trans., 1898, 73, 844). 

The almost quantitative formation of this keto-acid by the oxidation with ozone is 
probably the most conclusive evidence of the constitution of isolauronolic acid : 

OMe:C°CO,H /0OMe CO,H 
OMe, | ——> CMe. | 
CH,*CH, CH,— CH, 
isoLauronolic acid. y-Dimethylacetobutyric acid. 
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the solution. When the ozone was no longer absorbed and passed 
freely, the product was acidified, saturated with ammonium sulphate, 
and extracted five times with ether. The ethereal solution, after drying 
over calcium chloride and evaporating, deposited a syrup which yielded 
bromoform on treatment with bromine and potassium hydroxide, and 
gave an immediate precipitate with semicarbazide hydrochloride and 
sodium acetate. The semicarbazone was collected and crystallised from 
water, from which it separated in needles, which softened at 170° and 
melted at 174—176°. It was found to contain water of crystal- 
lisation :* 

0'1336 gave 0°2010 CO, and 0:0900 H,O. C=40°7; H=7°4. 

01153 ,, 21°2 cc. nitrogen at 19°5° and 749 mm. N=20°7. 

C,H,,0,N,,H,O requires C= 41:0; H=7:3; N=20°5 per cent. 

These results seemed to point to a ketonic acid, C;H,,0,, probably 
y-acetobutyric acid, CH,*CO-[CH, ],*CO,H, and to confirm this the semi- 
carbazone of this acid was prepared from the specimen originally 
obtained by Bentley and Perkin (Trans., 1896, 69, 1513). It melted 
at 176°, and, when mixed with the specimen described above, no 
alteration in the melting point could be detected. The semicarbazone 
of the acid from the ozone oxidation was decomposed by warming with 
dilute hydrochloric acid, the acid extracted with ether, and the ethereal 
solution evaporated, when a syrup was obtained which, on standing in 
the air, soon crystallised. The crystals were drained on porous 
porcelain, and analysed with the following result : 


0°1247 gave 0°2256 CO, and 0°0922 H,O. C=49°3; H=8:2. 
C,H,,0,,H,O requires C= 48°7 ; H =8'1 per cent. 
This substance melts at 36° and was proved, by direct comparison, 
to be the characteristic hydrate of y-acetobutyric acid. 


1-Methyl-A*-cyclopentene-2-carboxylic Acid, 


CH-CH ee 
CH<~onMe CH CO;H. 


It is explained on p. 585 that this acid esterifies very readily, a 
property which renders its separation from the A°-acid a comparatively 
easy matter. The ester obtained as the result of the fifth fractional 
esterification distilled constantly at 120—122° (100 mm.), and was 
pure ethyl 1-methyl-A‘-cyclopentene-2-carboxylate : 

0'1324 gave 0°3220 CO, and 00958 H,O. C=664; H=8°0. 

C,H,,0, requires C= 667; H=7-9 per cent. 


* This semicarbazone had been prepared by Bentley and Perkin and dried at 
100°, when the specimen gave numbers agreeing with the formula O,H,,0,N;. 
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This ester possesses in a marked degree the pungent and most 
unpleasant odour characteristic of so many of the esters of cyclic 
unsaturated acids. The pure ester (20 grams) was now mixed with 
100 c.c. of 10 per cent. methyl-alcoholic potash, and allowed to remain 
overnight. Water was then added, the clear solution saturated with 
carbon dioxide, evaporated until free from alcohol, acidified, the oily 
acid extracted with ether, and the ethereal solution carefully dried over 
calcium chloride. The ether was then evaporated, and the acid distilled 
under reduced pressure, when the whole quantity passed over at 
164—165° (100 mm.) : 


01032 gave 0°2634 CO, and 0°0870 H,O. C=69'7; H=9°3. 
C,H, ,0, requires C=70°1 ; H=9°l per cent. 


1-Methyl-A‘-cyclopentene-2-carboxylic acid is a viscid oil, and possesses 
a pungent odour similar to that of the higher fatty acids. It behaves 
as an unsaturated acid, since its solution in chloroform rapidly decolor- 
ises bromine, and the sodium salt instantly decolorises permanganate. 
When it was boiled with concentrated aqueous potassium hydroxide 
for five minutes, it became dark brown, and, on acidifying, yielded 
a liquid acid, so that conversion into the A*-acid does not appear 
to take place under these conditions. 


4 : 5-Dibromo-1-methylcyclopentane-2-carboxylic Acid, 


CHB 2 >CH-00,E. 

In preparing this acid, pure 1-methyl-A*-cyclopentene-2-carboxylic 
acid (1°35 grams) was dissolved in three volumes of chloroform, 
cooled to — 10°, and then titrated with a solution of bromine in chloro- 
form. The colour disappeared instantly at first and rather slowly at 
the close of the reaction, and remained when 1°65 grams had been 
added, the end point being fairly sharp. Theoretically, 1-7 grams of 
bromine should be absorbed by 1°35 grams of the unsaturated acid. 
The product was allowed to evaporate on a clock glass, when a syrup 
remained which gradually crystallised and became semi-solid. In 
contact with porous porcelain, the oil was slowly absorbed, and the 
colourless residue separated from light petroleum (b. p. 50—60°) in 
crusts which melted, not very sharply, at 106—108°: 


0°2850 gave 0°3740 AgBr. Br=55'8. 
C,H,,0,Br, requires Br =55-9 per cent. 


SYNTHESIS OF THE TERPENES. PART XII. 591 


Oxidation of 1-Methyl-A*-cyclopentene-2-carboxylic Acid to a-Methyl- 
tricarballylic Acid, CO,H*CHMe-CH(CO,H)-CH,°CO,H. 


This oxidation was carried out by passing ozone into the solution of 
the sodium salt of the acid, the conditions of experiment being the same 
as those already described in the case of the oxidation of the A’-acid. 
The product was warmed on the water-bath to decompose any un- 
changed ozonide, acidified, saturated with ammonium sulphate, and 
repeatedly extracted with ether. When the ether was removed by 
evaporation, a dark brown oil was obtained, which showed no signs of 
crystallisation after remaining for several days over sulphuric acid in 
an evacuated desiccator. It was dissolved in hot water, the solution 
filtered, and heated on the water-bath with an excess of potassium 
dichromate and sulphuric acid. After saturating with ammonium 
sulphate, the green solution was extracted several.times with ether on the 
machine, and the ethereal solution evaporated, when a nearly colourless 
syrup was obtained which soon became semi-solid. In contact with a 
little concentrated hydrochloric acid, the oily impurity was soon 
dissolved, leaving a colourless, crystalline acid, which was drained on 
porous porcelain and twice recrystallised from hydrochloric acid, from 
which it separated in small, glistening prisms melting at 177°. That 
this acid was a-methyltricarballylic acid (m. p. 180°) was proved by 
mixing it with a specimen which had been prepared from the sodium 
derivative of methylmalonic ester by condensation with fumaric ester 
(Auwers, Kébner, and Meyenburg, Ber., 1891, 24, 2891), when the 
mixture melted at 178—180°. 


The Action of Magnesium Methyl Iodide on Ethyl cycloPentanone-3- 
carbouylate, CO we 3 ms >CH-CO,Et. 
2 


The ethyl cyclopentanonecarboxylate required for these experiments 
was prepared by digesting the free acid (Kay and Perkin, Trans., 
1906, 89, 1646), in quantities of 50 grams, with a 3 per cent. 
solution of hydrogen chloride in alcohol (180 grams) for six hours on 
the water-bath. The product was mixed with three volumes of ether, 
the ethereal solution repeatedly washed with dilute sodium carbonate, 
dried over calcium chloride, and evaporated. On fractionation under 
reduced pressure, the ester distilled constantly at 142—143° (40 mm.) 
as a colourless oil possessing an odour somewhat resembling that of 
apples : 

0:1873 gave 0°4186 CO, and 0°1337 H,O. C=61:0; H=7°9. 

C,H,,0, requires C=61°5 ; H=7°7 per cent. 
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This ester, in quantities of 30 grams, was slowly added from a 
dropping funnel to an ethereal solution of magnesium methyl iodide 
(containing 20 grams of magnesium), the contents of the containing 
vessel being rapidly stirred by a turbine and the whole carefully 
cooled with ice and salt. After remaining for four days, the product 
was cautiously decomposed by ice and very dilute hydrochloric acid, 
the ethereal layer separated, and the aqueous solution repeatedly 
extracted with ether. The combined ethereal extracts were dried 
over calcium chloride and, in order to avoid loss of any volatile 
hydrocarbon, the ether was slowly distilled off with the aid of a column, 
The residue was distilled in steam and the distillate,* which contained 
a considerable quantity of an oil with an odour of peppermint, was 
extracted with ether, the ethereal solution dried and evaporated as 
before, and the oil fractionated under reduced pressure. 

A good deal of oil passed over below 100° (200 mm.), and there was 
a large fraction at 100—125° (50 mm.) and a further considerable 
fraction at 115—125° (15 mm.). After repeated distillation, these 
fractions yielded a mobile oil, boiling at 150—155° under the ordinary 
pressure, and a more viscid oil, distilling at 100—105° (30 mm.). 

The oil distilling at 150—155° was twice distilled over sodium, when 
almost the whole quantity passed over at about 150°: 

0°1836 gave 0°5990 CO, and 01955 H,O. C=889; H=11°8. 

O,H,, requires C= 88°5 ; H=11°5 per cent. 
1-Methyl-3-isopropenylcyclopentene (compare p. 575) is a colourless oil 
with a pronounced odour of lemons and peppermint. 

It combines with hydrogen bromide and with bromine, but the 
amount of material available was too small to allow of these additive 
products being investigated. 

The fraction boiling at 100—105° (30 mm.) gave the following 
results on analysis : 

0°1912 gave 0°5374 CO, and 0:1930 H,O. C=76'7; H=11°2. 

C,H,,0 requires C=77'1; H=11°3 per cent. 

1-Methyl-3-isopropenolcyclopentene (compare p. 575) is a rather viscid 
oil with a strong odour of terpineol and peppermint, it is sparingly 
soluble in water, and its solution in acetic anhydride gives a deep 
crimson, nearly as intense as solution of permanganate, on the 
addition of a drop of sulphuric acid. In order to obtain the corre- 
sponding terpin, this oil (5 grams) was shaken with 300 c.c. of 5 
per cent. sulphuric acid during several days, and until it had 
completely dissolved. The clear solution was extracted once with 
ether to remove any unchanged carbinol, it was then saturated with 


* A large quantity of dark-coloured resinous matter remained in the distilling 
flask. 
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ammonium sulphate, and extracted ten times, on the machine, with 
large quantities of ether. The extracts were dried over calcium 
chloride and evaporated, when a viscid, almost colourless oil was 
obtained, which on analysis gave numbers closely approximating to 
those required by the formula ©,H,,0,. This syrup, which is 
probably a mixture of cis- and trans-modifications, gradually became 
semi-solid, and, in contact with porous porcelain, the oil was rapidly 
absorbed, leaving a colourless mass which, after crystallisation from a 
very small quantity of water, yielded the following results on 
analysis : 

0:1135 gave 0°2813 H,O and 0°1146 H,O. C=676; H=11-2. 

C,H,,0, requires C= 68°3 ; H=11°4 per cent. 

1-Hydroxy-1-methyl-3-isopropenoleyclopentane (compare p. 575) 
softens at 70° and melts at 75°, and is excessively soluble in water, but 
rather sparingly so in cold ether. It dissolves readily in warm ether, 
and crystallises slowly from the concentrated solution in feathery 
groups. Its solution in acetic anhydride gives, with a trace of 
sulphuric acid, a pink solution which soon fades. 

The terpin dissolves in fuming aqueous hydrobromic acid, but the 
solution soon clouds, and an oil separates which has a penetrating and 
highly characteristic odour resembling that of sage and carraway seeds. 


The Action of Magnesiwm Methyl Iodide on Ethyl 1-Methyl-A*-cyclo- 


pentene-2-carboxylate, CH Se SL >CH-CO,Kt. 


The conversion of this ester into 1-methyl-2-isopropenol-A*-cyclo- 
pentene takes place almost quantitatively under the following condi- 
tions. Magnesium (12 grams) is converted into magnesium methyl 
iodide in the usual manner, and, after cooling well, ethyl methyleyc/o- 
pentenecarboxylate (26 grams) is gradually added. There is little 
action on mixing, but afterwards the liquid gradually comes to the 
boil. After four hours, the product is cautiously decomposed by water 
and dilute hydrochloric acid, the ethereal solution washed well, 
evaporated, and the residue left in contact with methyl-alcoholic 
potash (10 grams KOH) overnight. Water and ether are then added, 
and the ethereal solution washed well,* dried over calcium chloride, 
evaporated, and the residue fractionated under reduced pressure, when 
almost the whole quantity passes over at 95° (30 mm.) : 

01212 gave 0:°3420 CO, and 0°1264 H,O, C=76:9; H=11°6. 

C,H,,0 requires C=77'0 ; H=11°4 per cent. 
* The aqueous layer yields, on acidification and extraction with ether, a mere 


trace of unchanged acid, showing that the conversion into the carbinol was practically 
complete. 
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1-Methyl-2-isopropenol-A*-cyclopentene is a colourless, viscid liquid, 
which possesses a very pungent odour of terpineol and peppermint, 
It yields an intense reddish-brown coloration when a drop of sulphuric 
acid is added to its solution in acetic anhydride. When the pure sub- 
stance is quickly added to an acetic acid solution of hydrogen bromide 
(saturated at 0°), it dissolves with considerable evolution of heat, and 
the solution becomes purple, then brown, and, finally, dark green. 

If, however, the oil is gradually added to the hydrobromic acid 
solution, cooled in ice, a clear solution is produced, which rapidly 
clouds and from which an oily layer soon separates. When this 
mixture is allowed to stand, the lower layer becomes dark brown and 
the oil a chartreuse-green, and, after twelve hours, the liquid becomes 
an intense sage-green and the oil red. It is unfortunate that it was 
not found possible to convert this carbinol into a crystalline urethane 
or nitroso-chloride, and the only crystalline derivative of any value for 
its identification is the terpin described below. When the carbinol is 
mixed with phenylcarbimide and allowed to remain at the ordinary 
temperature for several days, crystals of diphenylearbamide slowly 
separate. 

An attempt was made to prepare a crystalline nitroso-chloride by 
leaving the pure carbinol (1°5 c.c.) in contact with ethyl nitrite (6 c.c. 
of a 15 per cent. alcoholic solution) and concentrated hydrochloric 
acid (1°5 c.c.), but the nitroso-chloride produced was a thick syrup. 
A comparative experiment showed that, under exactly the same con- 
ditions, ordinary terpineol is rapidly converted into its crystalline 
nitroso-chloride. 

5-Hydroxy-1-nethyl-2-isopropenoleyclopentane (see p. 578).—This 
crystalline terpin is produced in a fairly good yield under the 
following conditions. The carbinol (10 grams) is shaken on the 
machine with water (600 c.c.) and sulphuric acid (3 grams), when, even 
after several days, a considerable brown, oily layer separates on 
standing. 

The product was filtered and extracted once with a little ether,* 
the aqueous solution was then saturated with ammonium sulphate, and 
extracted five times on the machine with the same solvent. After 
drying over calcium chloride and evaporating, the ethereal solution 
deposited a viscous syrup which gradually crystallised, and, in contact 
with porous porcelain, a good deal of oily impurity was readily 
absorbed, leaving a colourless, crystalline mass. The substance 
was dissolved in much pure etier, filtered, and the filtrate con- 
centrated considerably, when, on standing, groups of colourless 

* This ethereal extract yielded, on evaporation, a brown oil which contained, 


besides unchanged carbinol, a considerable quantity of very high boiling resinous 
matter. 
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needles separated, which were collected, washed with ether, and 
dried over sulphuric acid in an evacuated desiccator. The mother 
liquors of these crystals deposited, on concentration, a further crop 
of the same substance, and there was no evidence of the presence of 
an isomeride : 

0:1184 gave 0°2964 CO, and 0°1250 H,O. C=68:3; H=11°7. 

C,H,,0, requires C= 68°3 ; H=11°4 per cent. 

5-Hydroxy-1-methyl-2-isopropenolcyclopentane melts at 7T0—72°, and 
is very similar to terpin in appearance. It is excessively soluble in 
water or alcohol, sparingly so in cold benzene or light petroleum in the 
cold. It dissolves readily in warm benzene, and separates, on cooling, 
as an oil which gradually crystallises. When it is warmed with an 
acetic acid solution of hydrogen bromide (saturated at 0°), it dissolves 
with slight evolution of heat, and the solution soon clouds and an oil 
separates. On standing for several days, the oil remains almost 
colourless, but the solvent becomes an intense brownish-red. 


1-Methyl-2-isopropenyl-A*-cyclopentene, 


CH AMD > CH-OMe:CH,, 

It has been mentioned in the introduction (p. 578) that the 
elimination of water from  1-methyl-2-isopropenol-A‘-eyclopentene 
results in the formation, under the most favourable conditions, of 
only very small quantities of the above terpene, the principal sub- 
stances always obtained being condensation products of higher 
molecular weight. When the carbinol is heated with potassium 
hydrogen sulphate under the usual conditions, it yields principally a 
high boiling brown oil, and, if anhydrous oxalic acid is employed, the 
result is a viscid, almost black, product. The carbinol dissolves in 
anhydrous formic acid with a pink colour, and, when heated on the 
water-bath, the solution separates into two layers, the lower acid layer 
is dark brown, whereas the upper oily layer is nearly colourless. If 
the product is distilled, some methylzsopropeny|cyclopentene is obtained, 
but the yield is most unsatisfactory, owing to the formation of large 
quantities of polymerised hydrocarbons. 

Attempts were then made to bring about the elimination of water 
at the ordinary temperature by leaving the carbinol in contact with 
a large excess of magnesium methyl iodide for a week, but little action 
took place and almost the whole of the carbinol was recovered 
unchanged. The best results were ultimately obtained by heating 
the carbinol with twice its weight of succinic anhydride* for 


* Phthalic anhydride may also be used, but with less satisfactory results, 
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fifteen minutes and then distilling in steam, when a colourless oil 
passed over, leaving a dark brown condensation product in the 
distillation flask. 

The distillate was extracted with ether, the ethereal solution dried 
over calcium chloride, evaporated, and the residue fractionated, first 
alone and then three times over sodium, when a colourless oil was 
obtained which distilled at 143—145° (770 mm.) : 

0°2120 gave 0°6785 CO, and 0:2230 H,O. C=87:3; H=11°6. 

C,H,, requires C=88'5 ; H=11°5 per cent. 

1- Methyl-2-isopropenyl-A*-cyclopentene has a distinct odour of lemons, 
and oxidises very readily in the air, a fact which accounts for the 
somewhat low numbers obtained in the above analysis. When a small 
quantity of the terpene was placed over water in a tube sealed at one 
end, the absorption of oxygen took place very rapidly, and overnight 
the level of the water had risen to almost exactly one-fifth of the 
volume of the air taken. The solution of the terpene in acetic anhydride 
gives an intense blood-red coloration when a trace of sulphuric acid is 
added, and, on warming, the colour changes to violet-black. The 
terpene does not dissolve in an acetic acid solution of hydrogen 
bromide (saturated at 0°), but a good deal of heat is liberated, and the 
oil becomes brown, then blood-red, and, after several hours, a deep 
sage-green. ‘The dark brown condensation products, obtained in such 
quantities during the preparation of the terpene, have properties 
closely resembling those described in more detail in the case of the 
corresponding experiments in the A5-series (p. 597). When fraction- 
ated, a good deal of a yellowish-brown oil distilled at 170—175° 
(20 mm.), and evidently consisted of the polymeride, (CyH,,).; it 
oxidised very rapidly in the air, and gave only approximate results on 
analysis. 


The Action of Magnesiwm Methyl Iodide on Ethyl 1-Methyl-A°-cyclo- 


pentene-2-carboxylate, CH<6 2 2 >CH-CO,Et. 


It has been pointed out in the introduction (p. 579) that this 
decomposition proceeds abnormally, and gives only a very small yield 
of the corresponding tertiary alcohol. In several experiments, the 
pure ester (37 grams) was treated with magnesium methyl iodide 
(containing 17 grams of magnesium), and the product was left over- 
night and decomposed by dilute hydrochloric acid in the usual manner. 

The ethereal solution was washed with dilute sulphurous acid to 
remove iodine, dried over calcium chloride, and evaporated, when a 
brown oil was obtained, which, by distillation under reduced pres- 
‘sure, was separated into three fractions: 80—120° (40 mm.), 


_ -_ ~~ 2 ae ae 6 Se [eee 


all 
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170—172° (18 mm.), and 225—230° (15 mm.). The lowest fraction 
yielded, on careful fractionation, a small quantity of a hydrocarbon, 
distilling at about 147° under the ordinary pressure, and about three 
grams of an oil boiling at 97—100° (30 mm.). The oil of boiling 
point 147° is doubtless the terpene, but the quantity was so small and 
the substance oxidised so rapidly in the air that no analysis was 
attempted. The oil of boiling point 97—100° (30 mm.) had a strong 
odour ot peppermint, and when dissolved in acetic anhydride gave, on 
the addition of a trace of sulphuric acid, a red coloration, which was 
distinctly bluer than that yielded by the corresponding A*-carbinol 
(p. 594) under these conditions. The following results were obtained 
on analysis : 

0:1965 gave 05450 CO, and 0°:1940 H,O. C=75'7; H=11°0. 

C,H,,0 requires C=77'0 ; H=11°4 per cent. 
There can be no doubt that this substance is 1-methyl-2-isopropenol- 


' A5-cyclopentene, 


cH< Gh? CH: ScH-CMe,-0H, 


but the amount. of material at our disposal was so small that it was 
impossible to investigate its properties. 

The fraction 170—172° (18 mm.) was distilled over sodium without 
altering its boiling point and then analysed : 

0:1146 gave 0°3613 CO, and 0:1200 H,O. C=86:0; H=11°6. 

(C,H,,). requires C= 88:5; H=11°5 per cent. 

Subsequently, it was discovered that this very viscid hydrocarbon is 
very rapidly oxidised in the air, and this fact accounts for the low 
numbers obtained in the above analysis. After remaining in a loosely- 
corked test-tube for a week a second analysis was made, and the 
substance found to contain only C=80'1, and H=10°3. 

A small quantity of the hydrocarbon, left in contact with air 
in a tube over water, absorbed the whole of the oxygen in a few 
hours. No further experiments were made either with this hydro- 
carbon or with the higher fraction, 225—230° (15 mm.), mentioned 
above. 


The authors are greatly indebted to the Research Fund Committees, 
both of the Royal Society and of the Chemical Society, for grants, 
which have largely defrayed the heavy cost of this investigation. 


THE UNIVERSITY, 
MANCHESTER. 
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LIV.—A £B-Lactonic Acid from Acetone and Malonic 
Acid. 


By Anprew Norman Metprum (Carnegie Research Fellow). 


THE condensation between acetone and malonic acid might well be 
expected to yield isopropylenemalonic acid, Me,C:C(CO,H),, and from 
this, by the loss of carbon dioxide, dimethylacrylic acid, 
Me,C:CH:CO,H, 

might result. Actually the condensation, as it proceeds in presence of 
acetic anhydride* (Massot, Ber., 1894, 27, 1225) or ammonium 
malonate (Knoevenagel, D.R.-P. 162281) does result in dimethyl- 
acrylic acid. 

Ethyl isopropylenemalonate, Me,C:C(CO,Et),, is produced by heating 
together ethyl malonate, acetone, acetic anhydride, and zine chloride. 
On hydrolysis of the ester, isopropylenemalonic acid is obtained 
(Meyenberg, Ber., 1895, 28, 785). 

Wishing to study the reaction between acetone and malonic acid, the 
author, on Professor Japp’s suggestion, employed as condensing agent 
acetic anhydride with the addition of a little sulphuric acid. Under 
these conditions, the reaction, which proceeds smoothly and without 
the application of heat, yields in the course of twenty-four hours a 


crystalline acid melting at 97°, which is a new condensation product 
of acetone and malonic acid, since it is neither dimethylacrylic acid 
(m. p. 70°) nor isopropylenemalonic acid (m. p. 170—171°). 

Analysis and molecular weight determination lead to the formula 
C,H,O, for the substance, which is evidently formed according to the 
equation : 


C,H,0 + C,H,0, = H,0 + C,H,0,. 

Titration with alkali showed that the acid is monobasic, so that it is 
probably a lactonic acid. Treatment with excess of alkali, with the 
object of obtaining direct evidence of the presence of the lactonic group, 
was found to cause disruption into acetone and malonic acid. Neverthe- 
less, there can hardly be a doubt that the substance, considering the 
method of its formation, has the constitution ge 2 oo 
that is, it is the B-lactone of B-hydroxyisopropylmalonic acid. The 
formation of the lactone may therefore be represented as follows : 

Me,CO + CH,(CO,H), = Me,C(OH)-CH(CO,H), = 

H,0+ pg HO eg 
— 6) , 


* Komnenos (Annalen, 1883, 248, 147, 168), using acctic acid as condensing 
agent, obtained crotonic acid, MeCH:CH°CO,H, from malonic acid and paraldehyde, 
_ but found that there was no reaction between malonic acid and acetone. 
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Closely related to this B-lactone is one which has been described by 
Baeyer and Villiger (Ber., 1897, 30, 1954, see also Fichter and Hirsch, 
Ber., 1900, 33, 3270). The parent substance of Baeyer and Villiger’s 
lactone is as-dimethylmalic acid, Me,C(CO,H)-CH(OH)-CO,H (in which 
the relative positions of the*OH and -CO,H groups are precisely the 
reverse of what they are in the isomeric 8-hydroxyisopropylmalonic 
Me,0—CH:-CO,H 

CO-O : 

It is remarkable that the only two f-lactones known in the fatty 
series should be isomerides, and should both contain the grouping 
Me,*C-CH:-CO,H. It would appear that the grouping, Me,C-CH, is 
specially adapted to the formation of B-lactones, although it is difficult 
to find an explanation of this interesting point. The following com- 
parison shows that the two lactones, closely related as they are, differ 
considerably in properties : 


acid), and the lactone itself is 


Me,0—CH*CO,H Me,C*CH*CO,H 


| | 
CO"O0 0°CO 
(Baeyer and Villiger). (Meldrum). 


Melting point ...... .....] 45—47°. 97°. 
With water Gives C,H,0,, H,0. Gives no compound. 


Hydrolysis by dilute} Gives as-dimethylmalicacid.| Gives malonic acid and acet- 
acid, one. 


Action of heat Gives the anhydride of as- | Gives carbon dioxide and 
dimethylmalic acid, with- resinous products. 

out elimination of carbon 
dioxide. 


EXPERIMENTAL. 


Me,C-CH-CO,H 
0-CO 


B-Lactone of B-Hydroxyisopropylmalonic Acid, 


When malonic acid (104 grams), acetone (116 grams), and acetic 
anhydride (204 grams) are mixed there is little change, but on 
addition of sulphuric acid (5 ¢.c.) a rise in temperature occurs and the 
malonic acid soon dissolves. After twenty-four hours the liquid gives 
a crystalline deposit, which can be increased by leaving in a freezing 
mixture for a short time. The yield of the crude substance is 65—70 
grams, and is apparently not increased by varying the proportions of 
material or the other conditions of the experiment. The mother 
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liquor, on evaporation at the ordinary temperature, yields only impure 
malonic acid (30 grams). The solid is collected, washed with cold 
water, and crystallised from acetone, from which it separates in 
colourless, transparent four-sided plates or prisms obliquely terminated, 
and melting at 97°. 

When the temperature is raised above 97° the liquid turns yellow 
and finally brown, while carbon dioxide is evolved, the decomposition 
from 130° upwards being rapid. In hot water, ether, alcohol, or 
chloroform, the substance is much more soluble than in the cold 


solvent : 


0°2934 gave 0°5378 CO, and 0°1465 H,O. C=49°98; H=5-55. 
C,H,O, requires C=50-00 ; H=5°55 per cent. 


The lactone is decomposed by hydrobromic acid in the cold, with 
separation of malonic acid; when digested with baryta water, a 
precipitate of barium malonate is produced. Heated with aniline, it 
yields acetone, carbon dioxide, and acetanilide. 

A determination of the molecular weight in acetone solution by the 
boiling-point method (in the Lumsden-Walker apparatus), which 
Mr. W. E. S. Turner, M.Sc., kindly undertook, gave the following 
numbers : 


Weight of 
substance, in grams. Elevation. Volume, in c.c. Mol. wt. 
1°51 1°03° 27°1 123 
0°93 29.4 125 
0°84 32°4 126 
0°74 36°3 127°5 


(The boiling point elevations have been corrected for the change in 
boiling point due to the increase of liquid and therefore of pressure in 
the boiling tube.) As the solution becomes more dilute, the molecular 
weight seems to increase, a phenomenon often observed in acetone 
solution. On plotting the molecular weight against the elevation, the 
molecular weight at zero elevation, that is, at infinite dilution, is found 
to be 139. O,H,O, requires mol. wt. =144. 

The equivalent of the acid was determined by titration with 
standard alkali (of which 4293 c.c. neutralise the equivalent in grams 
of any acid): 


0-4405 required 13°3 cc. Equivalent= 7**00* 4285 _ 49-9. 


The potassium and sodium salts, which are very soluble in water, 
are obtained by evaporating the respective solutions in a vacuum 
* desiccator. The potassium salt consists of prisms or striated plates. 
Two different specimens were analysed : 
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0:3722 gave 0°1576 K,SO,. K=19-03. 
03211 ,, 01396 _,, K=19°54. 
C,H,O,K,H,O requires 19°56 per cent. 


The sodium salt consists of six-sided plates : 


0°4747 gave 0°2003 Na,SO,. Na=13°67. 
C,H,0,Na requires 13°85 per cent. 


The sodium and potassium salts are white, but they turn yellow in 
the course of two or three months, 

The silver salt is obtained as a white, microcrystalline precipitate on 
adding silver nitrate to a solution of the sodium salt. It darkens when 
kept for some time: 


0'1948 gave 0°0838 Ag. Ag=43°01. 
C,H,0,Ag requires 43°02 per cent. 


The barium salt is very soluble in water and was not analysed. On 
boiling its solution, a white substance separated which was found to 
consist of barium malonate : 


0-293 gave 0:2708 BaSO,. Ba=54:41. 
C,H,0,Ba,H,O requires Ba = 53°4 per cent. 


The readiness with which the f-lactone of £-hydroxyisopropyl- 
malonic acid decomposes, either into malonic acid and acetone, or in 
other directions, has proved a great hindrance to its investigation 
The author has commenced the study of its behaviour with various 
reagents, in particular with phosphorus pentachloride and with 
ammonia. Et 

The author, who first prepared this substance nearly four years ago 
in the Chemical Department of Aberdeen University, but had to 
discontinue the investigation for some time, feels grateful to Professor 
Japp and to Professor Perkin for the interest they have shown in it. 
The expenses of the investigation have been defrayed by the Executive 
Committee of the Carnegie Trust for the Universities of Scotland. 

CHEMICAL DEPARTMENT, 
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MORGAN AND MICKLETHWAIT : 


LV.—Derivatives of para-Diazoiminobenzene. 
By Gitpert T. Morcan and Frances M. G. Mickitetuwair. 


A Group of aromatic diazo-derivatives exists in which the original 
diazonium complex may be considered to have undergone condensation 
with another reactive substituent of the aromatic nucleus. In general, 
this condensation may be regarded as being due to the operation of 
one or both of two factors, namely, internal salt formation and the 
tendency for ring formation. Accordingly the diazo-compounds 
produced by internal condensation may be classified under the 
three following headings : 


1.—Jnternal Diazonium Salts. 


The best known substances of this class are the so-called diazo- 
sulphonic acids, of which “ diazobenzenesulphonic acid,” derived from 
sulphanilic acid, is the simplest example. This compound and its 
homologues are produced even in the presence of strong mineral acids, 
and they are undoubtedly internal salts,* arising from the interaction 
of the powerfully basic diazonium complex and the strongly acid 
sulphonic group. 

That the tendency for ring formation plays little or no part in the 
production of these internal diazonium salts, is evident from the fact 
that they are obtained from all aromatic aminosulphonic acids, what- 
ever be the orientation of their aminic and sulphonic groups. Metanilic 
and the heteronuclear aminonaphthalenesulphonic acids, for example, 
furnish these diazonium salts with the same readiness as sulphanilic 
and naphthionic acids. These condensation products have the 
properties of sulphonates of moderately strong bases, and when 
treated with a stronger base, such as an alkali hydroxide, they are 
decomposed, the heterocyclic ring undergoing fission in the following 
manner : 


Pr, 
r ft. 2 
\Zs0,/ 
(I) 


——* 


* It is somewhat unfortunate that the true nature of these substances is not 
indicated by their usual designation. Armstrong and Robertson (Trans., 1905, 87, 
1282) have referred to the above compound as benzenediazonium parasulphonate, 
but this suggestion has not been generally adopted, 
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It is on account of this property that these internal diazonium salts 
have been so extensively employed in the colour industry. Similar 
internal diazonium salts have also been obtained from the aromatic 
amino-carboxylic acids. 


2.—Cyclic Diazo-compounds due to Ring Formation. 


' The diazo-derivatives obtained from the ortho-diamines come under 
this heading. As in these compounds the two contiguous groups are 
both basic, there can be no question of salt formation. The tendency 
to ring formation is, however, so strong, and the condensation occurs 
so readily even in the presence of excess of strong acid, that the inter- 
mediate diazonium salts have never been isolated. o-Diazoimino- 
benzene, the simplest example of this class of diazo-compounds, is 
generally represented by formula III, although two other configura- 
tions (LV and V) have been suggested (Trans., 1905, 87, 75) : 

on ae 

ae H N 7 fN H 

(III) i (IV.) (V.) 

These ortho-diazoimines are distinguished from other cyclic diazo- 
compounds by their great stability, and no satisfactory method has 
yet been devised for opening the nitrogen ring present in these 
substances. Strong hydrolysing agents, whether acid or alkaline, 
effect no change short of destroying the whole structure of the 
molecule. It is noteworthy that 1:8-naphthylenediamine yields a 
peri-diazoimine of this stable type. 

Meta- and para-diamines and also the heteronuclear naphthylene- 
diamines (other than the peri-derivative) do not yield diazoimines, 
and it may therefore be concluded that a close proximity of the 
amino-groups is required for this condensation. The colourless, stable 
o-diazosulphides obtained by Jacobson and others (Annalen, 1893, 
277, 210) from the o-aminothiophenols probably belong to this class 
of diazo-compounds. 


3.—Diazo-compounds due both to Salt and Ring Formation. 


The first diazo-compound discovered by Griess (Annalen, 1858, 113, 
201), namely, 4 :6-dinitrophenylene-2-diazo-l-oxide, derived from 
picramic acid, is a typical example of this class. In this instance, the 
salt-forming tendency existing between the diazonium complex and 
the phenolic hydroxyl group is reinforced by the ring-forming tendency 
due to the proximity of the two reacting groups. A similar condensa- 
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tion occurs with the ortho- and para-diazophenols, and also with their 
nitrated and halogenated derivatives (Hantzsch and Davidson, Ber., 
1896, 29, 1522). 8-Amino-a-naphthol and its derivatives similarly 
yield peri-diazo-oxides. 

That these diazo-oxides result from the combined operation of both 
salt-forming and ring-forming tendencies is evident from the fact that 
such condensation products are not obtained from the meta-diazo- 
phenols. The ortho-, para-, and peri-diazo-oxides, unlike the ortho- 
and peri-diazoimines, react with strong acids or alkalis, regenerating 
respectively either diazonium salts or alkali diazo-oxides, and are 
accordingly capable of being employed, like the diazonium sulphonates, 
in the production of azo-colouring matters, 

Hitherto no mention has been made of para-diazoimines, the reason 
being that p-phenylenediamine and its homologues have not been 
found to undergo this condensation on diazotisation. Nevertheless, 
several condensation products have been obtained, which can be 
regarded as aryl and acyl derivatives of the hypothetical para- 
diazoiminobenzene. 

Until quite recently, the only compound of this series known was 
the unstable substance produced by treating a solution of phenyl-p- 
aminobenzenediazonium chloride with caustic potash or ammonia ; its 
existence was first observed by Ikuta (Annalen, 1888, 243, 282) 
and the compound (X) was afterwards isolated in a state of purity by 
Hantzsch (Ber., 1902, 35, 895). In 1905, the authors of the present 
communication discovered that a very stable series of para-diazo- 
imides could be prepared by treating the diazonium salts of the aryl- 
sulphonyl-para-diamines with aqueous sodium acetate. These para- 
diazoimides were characterised by their yellow colour, sparing 
solubility, and the facility with which they could be either reconverted 
quantitatively into the original diazonium salts, or combined with a 
phenol or naphthol to furnish an azo-compound. 

As para-diazoimides were not obtained when the arylsulphonyl 
groups were replaced by other acyl groups, further experiments were 
made in order to ascertain whether this condensation was due to some 
specific property of the arylsulphonyl group, apart from its acidic 
nature. The results recorded in the present communication show that 
a similar result can be obtained when the sulphonyl group is replaced 
by a picryl radicle which, although comparable with the former 
group in acidic character, is, nevertheless, quite different in chemical 
structure. The observations described in the experimental section also 
demonstrate that the stability of the diazoimine is determined by the 
acidic character of the substituent attached to one of the aminic 
_nitrogen atoms, for as the nitro-groups aré successively eliminated 
from the picryl substituent, the resulting diazoimines become in-- 
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creasingly unstable until from 2-nitrophenyl-p-phenylenediamine a 
diazoimine is obtained which is as readily decomposable as Hantzsch’s 
explosive phenyl-p-phenylenediazoimine (loc. cit.). 

The following series of diamines was examined: 2: 4: 6-trinitro- 
phenyl-p-phenylenediamine, 2 : 4-dinitrophenyl-p-phenylenediamine, 
4-nitropheny] - p - phenylenediamine, and 2 - nitropheny] - y- phenylene- 
diamine, and the experiments showed that as the acidic character of 
the substituent diminished the readiness with which condensation 
occurred also decreased. The diazoimine (VII) from 2: 4: 6-trinitro- 
phenyl-p-phenylenediamine, like the diazoimides containing ary]l- 
sulphonyl groups, was precipitated from the solution of the corre- 
sponding diazonium salt on the addition of sodium acetate. 
2: 4-Dinitrophenyl-p-phenylenediazoimine (VIII) was not precipitated 
from a solution of 2 : 4-dinitrophenyl-p-aminobenzenediazonium chloride 
by sodium acetate, but only after the addition of potassium hydrogen 
carbonate. Even the bicarbonate did not determine the precipitation 
of 4-nitrophenyl-p-phenylenediazoimine and 2-nitrophenyl-o-phenylene- 
diazoimine (LX), these substances being only deposited on the intro- 
duction of aqueous ammonia. In this respect, these isomeric diazo- 
imines resemble phenyl-p-phenylenediazoimine (X). 

A comparison of the results described below with those formerly 
obtained by Hantzsch (loc. cit.) with phenyl-p-phenylenediamine, and 
by the authors with the arylsulphonyl-p-diamides, is shown in the 
diagram on page 606, where, on the left, are indicated the acids 
corresponding with the substituents of the amino-groups of the para 
diamines and their diazonium salts. The first two compounds in this 
vertical column are benzenesulphonic and picric acids, two substances 
which are comparable in acidic strength, and from the latter down- 
wards there is a gradual diminution in acidity due to the successive 
elimination of nitro-groups which corresponds with a gradual decrease 
in the stability of the diazoimino-derivatives. 

The diazoimide (VI) and the diazoimine (VII) exhibit the same 
degree of stability, but from the latter to the diazoimine (X) there is 
a gradual falling-off in this respect. However, in spite of the decom- 
posable nature of the less nitrated members of the series, it was found 
possible to show that they all possess the same general chemical 
properties, of which the two most characteristic are (1) reconversion 
into the original diazonium saltjby cold mineral acid; (2) additive 
combination with B-naphthol to form azo-derivatives. Hantzsch’s 
phenyl-p-phenylenediazoimine was re-examined from this point of 
view, and found to regenerate the diazonium chloride with hydro- 
chloric acid at —12°, and to combine additively with B-naphthol in 
the presence of pyridine. 

In this, as in former communications, the authors have retained 
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the cyclic diazoimino-formulation (XI) for these diazoimines and 
diazoimides in preference to the quinonoid configuration (XII), 


NR 0 
XK NR f% co a 
ea S pete 2 dice 
ONIN Pak \4y:Nn Fs 
) Pe N—N 
(XI.) (XII.) (XIII.) (XIV.) 


not because, in the authors’ opinion, the latter structure is absolutely 
inadmissible, but owing to the circumstance that the evidence obtained 
in the course of their experiments points, on the whole, to the 
diazoimide constitution as offering the simplest explanation of the 
production and properties of these compounds. 


ed 
he 
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The arguments in favour of each formula may be summarised as 
follows : 

Quinonotd Structure.—1. The yellow colour of these p-diazoimides and 
their sensitiveness to light. 

2. The marked contrast between the very reactive para-diazoimides 
and their-isomerides, the inert ortho-diazoimides, points to an essential 
constitutional difference, incompatible with the similarity of structure 
shown by formule (III) and (XI). 

3. The absence of colour in 
w-benzenesulphonyl-o-benzylenediazoimide (XV), 

C,H,°SO,°N N; C,H,SO,-N--N, 
ia oe 
in” he 
(XV.) (XV1.) 
a compound in which the quinonoid arrangement is impossible, but 
which in all its chemical properties resembles the yellow para-diazo- 
imides (Trans., 1906, 89, 1162). 

Diazoimino-structure.—1. The colour of the p-diazoimides is not 

incompatible with the presence in their molecule of the group 
R—N,'NR—, 

where R and R’ are aromatic residues, for this arrangement is present 

in the similarly coloured diazoamino-compounds, which also resemble 

the diazoimides in other respects. 

2. The constitution of the ortho-diazoimides stands in want of 
revision, and therefore affords no trustworthy guide to the cause of 
the observed differences between the two series of ortho- and para- 
diazoimides. Even supposing the two series to have the same arrange- 
ment of nitrogen atoms, yet the circumstance that, in the para- 
compounds, these atoms form part of a seven-membered ring, but are, 
in the ortho-series, included in a five-membered ring, would suffice to 
account for the great difference in stability of these two types of 
diazoimides. 

3. The existence of a yellow peri-diazoimide (XVI), similar in all 
respects to the para-diazoimides, renders the hypothesis of a quinonoid 
structure for the latter quite unnecessary, for not only has peri- 
naphthaquinone not been prepared, but even if it were known it is 
difficult to see how it could be formulated otherwise than as a 
peroxide (XVII): 


0-—0 9 OQ 0 0 90 0 
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The formulation as a diketone, even when effected with the least 
amount of rearrangement of the valencies, would lead to the assump- 
tion of a five-membered ring as in the formula (XVIII), or of three- 
membered rings as in formule (XIX) and (XX). It is highly 
improbable that any linking up of carbon atoms occurs in the forma- 
tion of the peri-diazoimide (XVI), as this substance is readily 
reconverted into an ordinary naphthalenediazonium salt by the agency 
of cold acids. 

The arguments stated for and against the quinonoid structure of 
diazoimides apply with equal force to the question of the constitution 
of the closely allied diazo-oxides. These substances were formerly formu- 
lated as cyclic diazo-oxides (XIII), but recently it has become custom- 
ary to represent them as quinonediazides (XIV). This change of 
opinion appears to be based on Wolff’s observation (Annalen, 1900, 
312, 126), that diazotetronic anhydride, which he formulates as a 
diazo-oxide (X XI), 


(XXII) 


differs from the aromatic diazo-oxides in colour and several other 
properties, and also to some extent on the fact that the stable colourless 
o-diazosulphides (Jacobson, Annalen, loc. cit.) are markedly dissimilar 
from the o- and p-diazo-oxides. It is doubtful whether this evidence is 
sufficiently relevant to justify the replacement of the cyclic formula 
by a quinonoid configuration, which could not, for the above-mentioned 
reasons, be extended to the closely-related peri-diazo-oxides (XXII), 
obtained from 8-amino-a-naphthol and its derivatives (D.R.-P. 
55404, 62289, 81282, and 82900). 


EXPERIMENTAL. 


2:4: 6-Trinitrophenyl-p-phenylenediamine (Picryl-p-phenylene- 
diamine), C,H,(NO,),*NH°C,H,°NH,. 

This base, which was first obtained by Wedekind (Ber., 1900, 33, 
435), may be readily prepared by heating together for a few hours in 
dry toluene a mixture of p-phenylenediamine (9 grams), picryl chloride 
(13 grams), and anhydrous sodium acetate (6 grams). After evaporat- 
ing off the toluene, the crystalline product is washed with warm 
alcohol and recrystallised from ethyl acetate, from which solvent it 
separates in lustrous, black prisms melting at 185—187°. Picryl-p- 
phenylenediamine crystallises also from amyl alcohol or glacial acetic 
acid, and separates either in dark red or almost black prisms ; it has 
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pasic properties, and dissolves in strong hydrochloric acid to form a 
sparingly soluble hydrochloride. 

When the foregoing preparation is carried out with molecular 
proportions of the diamine and picryl chloride, the picryl-p-phenylene- 
diamine is found to be contaminated with a non-basic substance 
insoluble in ethyl acetate, amyl acetate, glacial acetic acid, or toluene. 
This by-product, when crystallised from nitrobenzene, separated as 
a red, crystalline powder, which dissolved in aqueous alkalis and did 
not melt below 260° : 

0:1972 gave 36:2 c.c. nitrogen at 19° and 760 mm. N=21'11. 

 C\,H,,0,.N, requires N = 21°13 per cent. 

This compound is therefore bis-2 : 4 : 6-trinitrophenyl-p-phenylene- 
diamine (s-dipicryl-p-phenylenediamine). 


N°C,H.(N Os)s 
Ny 


2:4: 6-Zrinttrophenyl-p-phenylenediazoimine, C,H ,< 


Picryl-p-phenylenediamine is not readily diazotised, as, even in the 
presence of excess of mineral acid, the solution of its diazonium 
chloride froths considerably, and soon deposits a brownish-red sub- 
stance. In order, therefore, to obtain the diazoimine, the freshly 
prepared solution of the diazo-salt was filtered into aqueous sodium 
acetate, and the red precipitate washed with water and alcohol. When 
dry, the product dissolved in benzene, and is separated on the addition 
of light petroleum in clusters of brownish-red, diamond-shaped 
aggregates. The substance exploded at 120—130°, emitting clouds of 
black smoke : 

0°1930 gave 42°6 c.c. nitrogen at 19° and 763 mm. N=25°47. 

04148 ,, 0°6694 CO, and 0:0895 H,O. C=44:01; H=2°39. 

C,,H,O,N, requires N = 25°47 ; C=43°63; H=1°81 per cent. 

On extracting the crude diazoimine with benzene, a brown residue 
was left which was not explosive. This substance, which seemed to 
be identical with the brownish-red by-product formed during 
diazotisation, was not further examined. 

The diazoimine, when intimately mixed with f-naphthol and 
moistened with dry pyridine, showed very little sign of combination 
until the mixture was gently warmed, when the formation of 
azo-compound immediately occurred, and the mass reddened and 
acquired a green metallic reflex. The product, when freed from 
excess of 8-naphthol by extraction with warm alcohol, was dissolved 
in ethyl acetate or toluene and precipitated from the latter solvent by 
aleohol. 2:4: 6-Trinitrophenyl-p-aminobenzeneazo-B-naphthol, 

C,H,(NO,),"NH-°C,H,°N,°C,,H,°OH, 
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was thus obtained as a crystalline, reddish-brown powder, blackening 
at 190°, and melting at 217°: 

0°1842 gave 27°8 c.c. nitrogen at 19° and 759 mm. N=17-35. 

C,.H,,0,N, requires N =17'72 per cent. 

This azo-B-naphthol cannot be prepared by adding 2 : 4 : 6-trinitro- 
phenyl-p-aminobenzenediazonium chloride to alkaline B-naphthol, for 
the product thus obtained contained only 10°58 per cent. of nitrogen, 
was very soluble in alcohol, and did not melt below 260°. 


N-C,H,(NO 
2 : 4-Dinitrophenyl-p-phenylenediazoimine, CHK of ade, 
2 


2: 4-Dinitrophenyl-p-phenylenediamine, prepared according to 
Nietzki and Ernst’s method (Ber., 1890, 23, 1852) by boiling together 
molecular proportions of chloro-2 : 4-dinitrobenzene and p-phenylene- 
diamine in alcoholic solution containing anhydrous sodium acetate, 
was crystallised from benzene, when it separated first in flakes, which 
redissolved as the solution cooled, and then in lustrous, red crystals, 
which melted at 190°, and not at 177° as stated by the above authors. 

2 : 4-Dinitrophenyl-p-aminobenzenediazonium chloride, 

C,H,(NO,),"NH-°C,H,°N,°Cl, H,0, 
was obtained by diazotising the somewhat insoluble red hydrochloride 
of the preceding base, when a clear solution was obtained, which 
yielded a mass of transparent, golden-yellow needles; these were 
recrystallised from very dilute hydrochloric acid, washed successively 
with dilute hydrochloric acid, alcohol, and ether, and finally dried 
over quicklime : 

0°2380 gave 0:0974 AgCl. Cl=10°13. 

C,,H,0,N,Cl,H,0 requires Cl= 10-40 per cent. 

This salt seems to undergo hydrolytic decomposition when treated 
with water. 

2 : 4-Dinitrophenyl-p-aminobenzeneazo-B-naphthol, 

C,H,(NO,).-NH°C,H,°N,°C,,H,°OH, 
was obtained as a scarlet precipitate on pouring a solution of the 
preceding diazo-salt into alkaline B-naphthol. It was somewhat 
soluble in benzene or toluene, but separated from alcohol as a red, 
microcrystalline powder melting at 230°: 

0'2222 gave 32°8 c.c. nitrogen at 20° and 758 mm. N=16°84. 

C,,.H,,0;N, requires N = 16°31 per cent. 

Addition of sodium acetate to the clear yellow solution of the diazo- 
salt did not produce any precipitate, and accordingly after three 
hours potassium hydrogen carbonate was introduced, when a red, 
crystalline substance was deposited, the precipitation being then 
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complete. These crystals, which had a velvety texture, exploded on 
warming at 110—115°; 

0°1548 gave 32°8 c.c. nitrogen at 19° and 762 mm. N=24°44. 

01716 ,, 03170 CO, and 0°0484 H,O. C=50°38; H=3°13, 

C,,H,0,N, requires N = 24°56 ; C=50°52; H=2°45 per cent. 

2 : 4-Dinitrophenyl-p-phenylenediazoimine dissolves slightly in alcohol 
and may be recrystallised from benzene, but not without partial 
decomposition ; it darkens rapidly on exposure to light. 

A mixture of this diazoimine and B-naphthol, when moistened with 
pyridine and gently warmed, immediately yielded the azo-derivative. 
This product was freed from B-naphthol with aqueous caustic soda 
and then crystallised from toluene, when it separated in lustrous, 
transparent, red prisms, melting at 233—-235°, and giving practically 
the same melting point when mixed with the azo-8-naphthol obtained 
from the diazo-salt. Both preparations developed a deep purple 
coloration with concentrated sulphuric acid, the liquid assuming 
a blue tint on gradual dilution with ice-cold water. 


N: 
4-Nitrophenyl-p-phenylenediazoimide, C,H < y C,H, N O02 


2 


The method described by Bandrowski (Chem. Centr., 1900, '71, 852) 
was followed in preparing 4-nitrophenyl-p-phenylenediamine ; 8 grams 
of 4-bromonitrobenzene, 6 grams of p-phenylenediamine (15 molecules), 
and 4 grams of fused sodium acetate were intimately mixed, moistened 
with 10 c.c. of alcohol, and heated in a sealed tube for eight hours 
at 160—170°. The product was thoroughly extracted with ether, and 
the soluble substance left, after removing the solvent, was washed 
with hot water, and then extracted with hot dilute hydrochloric acid. 
The base liberated from this solution crystallised from benzene in red 
leaflets and melted at 205°; the temperature formerly given for this 
melting point was 211—212°. When diazotised, the sparingly soluble 
yellow hydrochloride of this base furnished a solution in which neither 
sodium acetate nor potassium hydrogen carbonate caused a precipitate. 
The addition of ammonia, however, determined the formation of an 
insoluble diazoimine, which separated in micaceous, red crystals having 
a coppery lustre. The dry substance exploded when rubbed, and 
on warming to 60—65° was projected violently from the melting- 
point tube: 

0°1792 gave 34°6 c.c. nitrogen at 17° and 762 mm. N=22°48. 

071456 ,, 03210 CO, and 0:0480 H,O. C=60'11; H=3-66. 

C,,.H,0,N, requires N = 23°33 ; ‘C= 60°00 ; H =3°33 per cent. 
The diazoimine readily combined with §-naphthol in the presence 


MORGAN AND MICKLETHWAIT: 


of pyridine, the azo-derivative crystallised from benzene in long, 
black prisms : 

0°1830 gave 22:4 c.c. nitrogen at 18° and 774 mm. N=14°40. 

C,,.H,,0,N, requires N = 14°58 per cent. 
4- Nitrophenyl-p-aminobenzeneazo-B-naphthol, 
NO,°C,H,’NH°C,H,'N,°C,,H,°OH, 

was also prepared from the diazo-salt and f-naphthol. Both prepara- 
tions melted at 266° and developed with concentrated sulphuric acid 
a bright crimson coloration, which assumed a violet tint as the acid 
became diluted. 


2-Nitrophenyl-p-phenylenediazoimine. 


2-Nitrophenyl-p-phenylenediamine was prepared in the same way as 
the preceding diamine from 2-bromonitrobenzene and p-phenylene- 
diamine. The mode of extraction was similar, and the base was 
finally obtained as a reddish-black, crystalline product (m. p. 
105—106°) with a green, metallic reflex. 

The sparingly soluble hydrochloride of 2-nitrophenyl-p-phenylenedi- 
amine when diazotised yielded a solution of the diazo-salt from which 
neither sodium acetate nor potassium hydrogen carbonate precipitated 
the diazoimine ; this compound was, however, deposited as a scarlet 
precipitate when the well-cooled ammonia is added to the sodium 
acetate solution. This diazoimine was even more unstable than its 
isomeride ; it darkened at 30°, and exploded at 85—90° The dry 
substance also exploded when gently rubbed on a hard surface : 

0°1880 gave 04132 CO, and 0:0670 H,O. C=59'94; H=3 96. 

01802 ,, 33:0 c.c. nitrogen at 18° and 773 mm. N=21°55. 

C,,H,0,N, requires C= 60°00 ; H=3'33; N = 23°33 per cent. 
2-Nitrophenyl-p-phenylenediazoimine was precipitated in the amor- 
phous condition and could not be crystallised, as it underwent decom- 
position even when kept dry at the ordinary temperature. In these 
circumstances, it gradually lost in weight owing to the elimination of 
nitrogen ; the rapidity with which this change occurred accounts for the 
low results obtained on estimating this element. 

A freshly prepared specimen of the diazoimine was rapidly dried on 
porous tile, and left in contact with B-naphthol and pyridine at the 
ordinary temperature. The product was extracted with alcohol, and 
the dark residue dissolved in benzene ; this solution, on the addition 
of light petroleum, yielded a brick-red azo-derivative, which blackened 
at 130°, and melted at 158—160°: 

0°1136 gave 14°5 c.c. nitrogen at 18° and 758 mm. N=14:°70. 

C.,H,,O,N, requires N = 14°58 per cent. 
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2- Nitrophenyl-p-aminobenzeneazo-B-naphthol, 
NO,°C,H,*NH°O,H,'N,°C,,H,°OH, 

can also be prepared by the direct interaction of 2-nitrophenyl-p- 
aminobenzenediazonium chloride and alkaline f-naphthol. With 
concentrated sulphuric acid, the azo-compound developed a crimson 
coloration, which changed to deep blue as the solution absorbed 
moisture. In the dry state, the particles of this azo-8-naphthol were 
found to be highly electrified. 


Phenyl-p-phenylenediazoimine (Ber., 1902, 35, 888), 
OH. 
2 


This diazoimine was prepared by diazotising phenyl-p-phenylenedi- 
amine hydrochloride with sodium nitrite and excess of well-cooled 
dilute hydrochloric acid, and treating the clear solution thus obtained 
with cold dilute ammonia. The brownish-yellow precipitate was 
collected, dried on cooled tiles, and subjected to the following tests. 

One portion was made into a paste with ice-cold water and treated 
with cooled hydrochloric acid (1, strong acid ; 2, water), the reagents 
being cooled in a freezing mixture, The diazoimine dissolved almost 
entirely, and the filtered solution was shown to contain the diazonium 
salt by adding one portion to ammonia, when the diazoimine was 
regenerated, and also by introducing another portion into alkaline 
B-naphthol, when phenyl-p-aminobenzeneazo-B-naphthol, 

C,H,°NH-C,H,°N,°C,,H,°OH, 
was obtained. This compound crystallised from benzene or toluene in 
brownish-black leaflets melting at 168—170°. It was also produced 
by mixing the diazoimine with f-naphthol and pyridine, when 
lustrous, black leaflets were obtained. The azo-8-naphthol, when 
dissolved in alcohol and precipitated by the addition of water, was 
deposited as a black, crystalline powder with a metallic lustre : 

0°1456 gave 14°4 c.c. nitrogen at 16° and 764mm. N=11°60, 

C,,H,,ON, requires N = 12°38 per cent. 

The azo-B-naphthol prepared by either of the foregoing methods 
developed with concentrated sulphuric acid a bright cherry-red 
coloration, which changed to blue as the solution absorbed moisture 
from the atmosphere. 


The authors desire to express their thanks to the Government 
Grant Committee of the Royal Society for a grant which has partly 
defrayed the expenses of this investigation. 


Royal CoLLEGE OF SCIENCE, LONDON. 
SourH KensineTon, S.W. 
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LVIL.—A Study of the Diazo-reaction in the Diphenyl 


Series. 
By Gitpert T. MorGan and Frances M. G. Mickierawair. 


ALTHOUGH there is a general similarity between the homonuclear 
aromatic para-diamines such as p-phenylenediamine and the hetero- 
nuclear bases of the benzidine type, yet the fact that in the latter 
series the amino-groups are situated in different rings leads to 
certain peculiarities in the chemical reactions of the diphenyl 
bases. 

When p-phenylenediamine and benzidine are treated with sufficient 
sodium nitrite in the presence of excess of mineral acid, they are both 
converted into bisdiazonium salts, but in the case of the latter base a 
modification of the works process of diazotisation has been found to 
lead to the production of the intermediate aminodiazonium salt, 
NH,Cl-C,H,°C,H,-N,Cl (Farbenfabriken vorm. F. Bayer & OCo., 
D.R.-P. 51576, and Badische Anilin- & Soda-Fabrik, D.R.-P. 52661). 
Taiiber, who throws some doubt on this reaction, has shown, neverthe- 
less, that the intermediate compound results from the interaction of 
the hydrochlorides of fully diazotised benzidine and the undiazotised 
base, the yield of the aminodiazonium salt being approximately 
80—90 per cent. (Ber., 1894, 2'7, 2628). 

Fully diazotised benzidine has the peculiar property of combining 
rapidly with one molecular proportion of a phenoi or reactive amine, 
forming an intermediate substance still containing a diazo-group, 
which couples slowly with a second molecule of the phenol or amine. 
The manufacture of Congo red furnishes an excellent example of this 
combination in two stages. 

On the theoretical side, these results have had some bearing on the 
speculations relating to the steric relationship of the two phenyl 
groups in benzidine, the current opinion being that the two nuclei are 
doubled on themselves so as to render the amino-groups contiguous. 
This proximity would lead to some steric hindrance, as in the 
foregoing azo-condensation, and would also account for the manner in 
which the bisdiazonium chloride can be decomposed in two stages on 
treatment with absolute alcohol (Ber., 1898, 31, 479). 

This view as to the close proximity of the amino-groups receives 
further confirmation from the fact mentioned in the patent D.R.-P. 
51576, and again referred to by Vaubel and Scheuer (Zeitsch. Farb. 
Ind., 1906, 5, 61), that the above-mentioned aminodiazo-salt, on treat- 
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ment with sodium acetate, gives rise to a condensation product which 
is regarded as being a diazoimine : 
eho ail CoH, N; 
HH, NH, C,H, NH 

Diazoimines of this type have not hitherto been obtained from 
p-phenylenediamine and its homologues, although the authors of this 
communication have obtained a stable series of para-diazoimides from 
the arylsulphonyl-p-phenylenediamines (Trans., 1905, 87, 73, 921; 
1906, 89, 4, 1158, and preceding paper). It was therefore to be ex- 
pected that the arylsulphonylbenzidines would yield such diazo- 
anhydrides even more readily than benzidine itself. This, however, is 
not the case. Benzenesulphonylbenzidine, when successively diazotised 
and treated with sodium acetate, furnishes a well-defined crystalline 
product which, although possessing some of the properties of a 
p-diazoimide, nevertheless contains two molecules of water which are 
so tenaciously held that the substance decomposes before the 
elimination of water is complete (Trans., 1907, 91, 1506). This result 
was so unexpected that another base of the same type was examined 
in order to ascertain whether the reaction is in any way exceptional. 
Naphthalene-B-sulphonylbenzidine was chosen for this purpose, and 
experiment showed that the new base furnished a dark brown, crystal- 


line, dihydrated compound of precisely similar type to that obtained 
from the other base. Two views may be held concerning these 
compounds, according to which they may be regarded as either mono- 
hydrated primary nitroamines (I) or dihydrated diazoimides (II) : 
C,H, NH-NO,H,0 OH, 
C,H, -NH°S0,°0,,H, O,H,'N°SO,°C,,H,,2H,0. 


I. Il. 


The first of these formulations accounts for the fact that the 
substances dissolve in aqueous alkali, and also brings the compounds 
into line with other nitrosoamine derivatives which are sometimes found 
to contain one molecule of water (Schraube and Schmidt, Ber., 1894, 
27, 520). 

The second formula indicates the close similarity between these 
compounds and the para-diazoimides, and it also explains the non-pro- 
duction of a similar compound when the marked hydrogen (*) is replaced 
by an alkyl group as in as-naphthalene-B-sulphonylethylbenzidine, 

eH, NH, 
C,H, N(C,H;)*S0,°C,)H, ° 

A similar combination of water and a diazo-anhydride has been 
observed in the case of p-phenylenediazo-oxide (from p-diazophenol), 
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this substance separating with 4H,O (Hantzsch and Davidson, Ber., 
1896, 29, 1522). 

The diazonium salts of naphthalene-8-sulphonylbenzidine are all 
distinctly coloured substances, being usually orange or yellow, but those 
of as-naphthalene-8-sulphonylethylbenzidine are much less coloured, 
having only a pale yellow tint, the substitution of hydrogen by ethyl 
in the arylsulphonic group diminishing the colour to a marked extent 
without entirely removing it. It seems, therefore, very unlikely that the 
diazonium complexes in the two series are differently constituted, 
and the difference in the intensity of colour may be referred to the 
existence of two quinonoid nuclei in the more coloured salts (III), 
whereas only one of these groups can exist in the case of the diazonium 
salts (IV) of the alkylated base : 


Cee Cl 


Cz\4 
KK" 


Vie a =, 
i: lh DIN‘80,°C oH. DN (C.H,)'80,"C,oH,. 


(III.) (IV.) 


In the foregoing formule, the para-quinonoid formula advocated by 
Cain is taken to represent the constitution of these diazonium salts. 
It should, however, be borne in mind that an ortho-quinonoid con- 
figuration for these substances is not inadmissible (Trans., 1907, 91, 
1315). 

Exception has been taken to these quinonoid formule on the ground 
that they represent one of the diazo-nitrogens as being definitely 
attached to a carbon atom in either a para- or an ortho-position, an 
arrangement which on reduction should lead, in certain circum- 
stances, to the production of either para- or ortho-diamines. Diazonium 
salts have not, however, been found to yield these diamines on reduc- 
tion, and it seems, therefore, improbable that this linking of diazo- 
nitrogen to para- or ortho-carbon atoms is quite of the ordinary kind. 
On the other hand, it has long been supposed that another position in 
the ring is in some way involved in the diazonium complex. This 
view, which was originally held by Griess (Annalen, 1866, 137, 47), 
accords with the most salient fact known about diazonium salts, 
namely, that these substances are only obtainable from amines contain- 
ing the unsaturated aromatic nuclei, and not from bases containing 
fully hydrogenated rings. 

It is, therefore, justifiable to suppose that the residual affinities of 
the benzene nucleus—indicated by three double linkings in Kekulé’s 
formula for this hydrocarbon—are in some way associated with the 
diazonium complex. However, until Cain put forward his para- 
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quinonoid formula, this association of the latent valency of the benzene 
ring with the diazonium group had not been indicated in any of the 
configurations ascribed to diazo-salts. 

The authors now suggest that these static ortho- and para-quinonoid 
formule represent successive phases in the existence of a diazonium 
salt, the constitution of which is continually changing from one to the 
other of these configurations in the manner indicated in the following 
diagram : 


Z\IN 


Cl'N 


au 


n 
u 


The third valency of the non-saline triadic diazo-nitrogen is directed 
successively to the carbon atoms marked a, }, and ce, but is not held 
continuously by any one of them. This mode of expressing the struc- 
ture of the diazonium salt retains the advantages claimed by Cain for 
his para-quinonoid formula, and in addition enables one to account for 
the behaviour of these compounds on reduction.* 

In an ever-increasing number of instances, it becomes impossible to 
represent satisfactorily the reactions of compounds by static graphical 
formule, and in these cases it is apparent that the valency directions 
undergo certain rhythmical variations such as those symbolised in the 
foregoing dynamic formula proposed for diazonium salts. 


EXPERIMENTAL. 


Naphthalene- B-sulphonyl-p-nitroaminodiphenyl, 
C,,H,"S0,"NH°C,H,°C,H,-NO,. 


pp-Dinitrodiphenyl was prepared according to Willstitter’s method 
and reduced with sulphuretted hydrogen (Ber., 1906, 39, 3478). The 
resulting p-nitroaminodiphenyl was condensed in dry pyridine with a 
slight excess of naphthalene-@-sulphonic chloride, and the product, 
after extraction with aqueous caustic soda and reprecipitation with 
dilute acetic acid, was crystallised from alcohol, when it separated in 


* Orton and Reed have shown (Trans., 1907, 91, 1561) that, with the diazo-salts 
of the highly halogenated anilines, the replacement of halogen by hydroxyl occurs 
to a much greater extent in the ortho- than in the para-position, and they put this 
result forward as an argument against the para-quinonoid formula. At the same 
time, however, they suggest that the assumption of an alternation of para- and 
ortho-quinonoid configurations would be more in harmony with their results. 

ss 2 
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reddish-brown, serrated crystals having a bluish reflex and melting at 
164—165°: 
0°3696 gave 23°6 c.c. nitrogen at 19° and 762 mm. N=7°36. 
C,,H,,0,N.S requires N = 6°93 per cent. 
The sodium derivative of this nitro-compound crystallised in orange- 
yellow plates, which were only sparingly soluble in cold water. 


Naphthalene-B-sulphonylbenzidine, 


CygH 80,-NAC << >sE: 

This base was prepared by reducing the preceding compound with 
iron and dilute hydrochloric acid, the mixture being boiled for many 
hours in order to complete the reduction. Finally, the mixture was 
rendered alkaline with sodium carbonate, and the base obtained from 
the filtrate as a colourless, gelatinous mass which, when crystallised 
from benzene, separated in clusters of fibrous, colourless needles melt- 
ing at 185—186°. The reduction may also be effected with tin and 
hydrochloric acid : 

0°1754 gave 10°8 c.c. nitrogen at 19° and 761 mm. N=7:10. 

C,,H,,0,N.S requires N = 7°48 per cent. 

An attempt was made to prepare this base by the interaction of 
benzidine and naphthalene-8-sulphonic chloride. The required product 
was only obtained when benzidine dissolved in cold, dry pyridine was 
treated very slowly with finely-powdered naphthalene-B-sulphonic 
chloride (1 mol.). After some hours, the mixture was gently warmed 
on the steam bath, then poured on to ice, and extracted successively 
with dilute hydrochloric acid and water. A benzene extract of the 
dried residue yielded a small amount of impure naphthalene- 
B-sulphonylbenzidine which, after repeated crystallisation from this 
solvent, melted at 185—186° and did not depress the melting point of 

the preceding preparation : 
— 0°1698 gave 0°1074 BaSO,. S=868. 
00986 ,, 6:2 c.c. nitrogen at 19° and 754mm. N=7-17. 
C,,H,,0,N,8 requires S=8°55 ; N=7-48 per cent. 


Naphthalene-B-sulphonylaminodiphenyldiazonium Chloride, 
C,,H,"SO,-NH-C,H,°C,H,°N,Cl. 


The addition of excess of amyl nitrite to an alcoholic solution of 
naphthalene-8-sulphonylbenzidine produced a deep-red coloration 
which was not appreciably changed by the addition of alcoholic 
. hydrochloric acid. The filtered solution, when treated with excess of 
ether, furnished the yellow, crystalline diazonium chloride : 
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0:0580 gave 5:2 c.c,. nitrogen at 19° and 760 mm. N=10°30. 
0:2476 ,, 0:0802 AgCl. Cl=8-02. 
C..H,,0,N,CIS requires N=9:97 ; Cl= 8°42 per cent. 
This salt dissolved in acidified water to a clear, yellow solution ; it 
decomposed and charred at 140—145°: 

The diazonium bromide, C,,H,"SO,;NH°C,H,°C,H,°N,Br, an ill- 
defined yellow salt, decomposed violently at 120—124°: 

0:1672 gave 12°5 c.c. nitrogen at 18° and 769 mm. N=8°75. 

C,.H,,0,N,BrS requires N = 9°01 per cent. 

The diazonium sulphate, C,,H,"SO,"NH-C,H,°C,H,’N,°HSO,, was 
obtained in yellow needles when amy] nitrite, sulphuric acid, and ether 
were successively added to a solution of the base in cold glacial acetic 
acid. This salt decomposed at about 125°: 


01426 gave 105 c.c. nitrogen at 17° and 769 mm. N=8°64, 
01340 ,, gave 0°1364 BaSO,. S=13:97. 
C,,H,,0,N,8,HS0, requires N = 8°69 ; S= 13°25 per cent. 


The Brown, Crystalline Product 


The foregoing diazonium chloride, when treated with aqueous sodium 
acetate, yielded a dark-brown, crystalline substance almost insoluble 


in cold water or alcohol. When thoroughly washed with these solvents 
and dried over sulphuric acid until of constant weight, the substance 
gave the following analytical data, a different preparation being used 
in each analysis : 

0:2745 gave 0°6299 CO, and 0:1146 H,O. C=62°57 ; H=4°64. 

01614 ,, 0:3723 CO, and 0:0698 H,O. C=62°90; H=4:80. 

01691 ,, 140 c.c. nitrogen at 19° and 764mm. N=9°57. 

02647 ,, 01500 BaSO,. S=7-78. 

C,.H,,0,N,S,2H,O requires C=62°70; H=4°71; N=9°97 ; S=7°60 
per cent. 

This compound reacts with cold concentrated hydrochloric acid, 
regenerating the diazonium chloride ; it dissolved in aqueous caustic 
soda to a brown solution, from which dilute acetic acid reprecipitated 
the original compound. The reprecipitated substance had a reddish 
tint, but slowly assumed the chocolate-brown colour. Attempts to 
eliminate water without decomposing the substance were unsuccessful ; 
it appeared to lose water and nitrogen simultaneously, becoming 
yellow at 100°, and darkening and softening at about 130°. 

When mixed with dry B-naphthol, the brown compound gave no 
reaction even on warming, but the addition of a few drops of dry 
pyridine at once induced combination. The azo-B-naphthol thus 
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obtained was scarcely soluble in cold alcohol, but separated from its 
boiling solution in this solvent as a dark-red, crystalline powder 
melting at 200—201°. 


Naphthalene-B-sulphonylnitroethylaminodiphenyl, 
C,,H,"SO,°N(C,H,):C,H,°C,H,°NO,. 


This compound was produced by the interaction of naphthalene- 
B-sulphonylnitroaminodiphenyl, ethyl iodide, and alcoholic potash, 
The reaction was almost complete, and the product, when freed from 
substances soluble in alkali, was crystallised from alcohol, when it 
separated in transparent, orange-yellow needles melting at 152—153°: 

0°1770 gave 10°0 c.c. nitrogen at 19° and 761mm. N=6°50. 

C,,H.,0,N.S requires N = 6°48 per cent. 


as-Naphthalene-B-sulphonylethylbenzidine, 
C,»H,*SO,°N(C,H,)°C,H,°C,H,°NH,. 


The preceding nitro-compound, when boiled with iron and dilute 
hydrochloric acid for eight hours, was reduced to as-naphthalene-f- 
sulphonylethylbenzidine, which separated from its benzene solution on 
the addition of light petroleum as a brown, crystalline powder melting 
at 165—166° : 

02401 gave 15-0 c.c. nitrogen at 18° and 760 mm. N=7-21. 
0:2360 ,, 0°1518 BaSO,. S=8°83. 
C,,H,,0,N,S requires N = 6°96 ; S=8-00 per cent. 


as-Naphthalene-B-sulphonylethyldiphenyldiazonium Chloride, 
C,,H,"SO,°N(C,H,)°C,H,°C,H,°N,Cl. 


This salt was obtained in clusters of pale yellow needles by adding 
successively alcoholic hydrochloric acid and ether to a mixture of the 
base and amy] nitrite in alcohol. 

0°2110 gave 16°5 c.c. nitrogen at 18° and 769 mm. N=9°15. 
01192 ,, 0°0364 AgCl. Cl=7°56. 
C,,H,,0,N,CIS requires N = 9°34 ; Cl=7-89 per cent. 

This diazonium chloride, when triturated with concentrated aqueous 
sodium acetate, furnished a slimy precipitate which dissolved in water 
to a red solution. There was no evidence of the formation of an 
insoluble, crystalline product analogous to that obtained from the 
diazo-chloride of naphthalene-8-sulphonylbenzidine. 

The diazonium bromide, C,)H,*SO,*N(C,H;)-C,H,°O,H,°N,Br, 
- prepared in a similar manner tothe preceding salt, was obtained in the 
form of very pale yellow needles : 
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02034 gave 14°6 c.c, nitrogen at 18°and 770 mm. N=8°41. 
01771 ,, 0°0661 AgBr. Br=15-87. 
C,,H,,0,N,BrS requires N =8-50 ; Br= 16°19 per cent. 

The diazo-chloride decomposed at 116—117°, and the diazo-bromide 
at 113—116°. 

The diazoniwm sulphate, C,)H,-SO,°N(C,H,)-C,H,°C,H,°N,°HSO,, 
produced in glacial acetic acid and precipitated by ether, resembled the 
bromide : 

01838 gave 12°8 c.c. nitrogen at 19° and 771 mm. N=8°13. 
01660 ,, 01516 BaSO,. S=12°54. 
C,,H,,O,N,8,HSO, requires N = 8°21 ; S=12°52 per cent. 

The three foregoing diazo-salts furnished an az0-8-naphthol insoluble 
in aqueous alkalis ; this substance, which was very soluble in benzene, 
dissolved sparingly in alcohol, and separated as an ill-defined precipitate 
melting at 155 —157°. 


The authors desire to express their thanks to the Government Grant 
Committee of the Royal Society for a grant which has partly defrayed 
the expenses of this investigation. 
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LVII.—The Action of Mustard Oils on the Ethyl Esters 
of Malonic and Cyanoacetic Acids. 


By SizerrieD RUHEMANN. 


THE further study of thioxanthoxalanil (Ruhemann, Trans., 1907, 
91, 797), and especially the behaviour of the sodium derivative of its 
tautomeride towards alkyl iodides, led to results which induced me to 
undertake the work described in this paper. 

Michael (J. pr. Chem., 1887, [ii], 35, 450) showed that ethyl sodio- 
malonate readily united with phenylthiocarbimide to yield a product, 
the formation of which he expressed thus : 

CHNa(CO,Et), + C,H,-NCS =0,H,°N:0(S-Na)-CH(CO,Et).. 

The sodium compound, by the action of hydrochloric acid, was 
transformed into the yellow thioanilide of diethyl methanetricarb- 
oxylate, C,H,-NH-CS:CH(CO,Et),. 

That the sodium in the additive product is united with the sulphur, 
follows from the fact that, with benzyl chloride, it yields a benzyl 
derivative which, on account of the way it decomposes with acids, 
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must have the formula C,H,N:C(S°CH,°C,H,)-CH(CO,Et),. From 
this view as to the constitution of the compound formed by the union 
of ethyl sodiomalonate with phenylthiocarbimide, it might be expected 
that the latter would combine with the sodium derivative of mono- 
alkyl malonic esters. In order to test the correctness of this con- 
clusion, ethyl sodiobenzylmalonate was selected, which, accordingly, 
ought to yield an ester, O,H,-N:C(SH)*C(CH,°C,H,)(CO,Et),, 
isomeric with the benzyl derivative. It was found, however, that this 
union does not take place, ethyl benzylmalonate remains unaltered, 
and the mustard oil is transformed into phenylthiourethane, 
C,H,-NH-CS:-0-C,H,. 
This result would agree with the formula 
C,H,;-NH-C(SNa):C(CO,Et), 
for the additive product of ethyl sodiomalonate with phenylthio- 
carbimide, but in the absence of other evidence in favour of this 
view the former mode of representing this reaction is adopted. 
The thioanilide of diethyl methanetricarboxylate, on treatment with 
ammonia, yields the corresponding diamide, whereas by the action of 
potassium hydroxide at the ordinary temperature the elimination of 
one molecule of carbon dioxide takes place, as well as hydrolysis. 
The thioanilide of malonic acid, which is formed on heating below 100°, 
decomposes into thioacetanilide and carbon dioxide. These changes 
may be represented thus : 
C,H,*NH:CS:CH(CO,Et), —> C,H,-NH°CS-CH,°CO,H —> 
C,H,-NH-CS8-CH,. 
Michael, in his paper, “On Certain Laws and their Application to 
Organic Chemistry” (J. pr. Chem., 1899, [ii], 60, 286), dealt with the 
action of phenylcarbimide on the sodium derivatives of ethyl 
malonate and ethyl acetoacetate, and mentioned in a footnote which 
was noticed after this work was completed that he obtained similar 
results on using phenylthiocarbimide instead of phenylcarbimide, but a 
record of the experimental facts was not published. 
Phenylthiocarbimide unites with ethyl sodiocyanoacetate in the 
same manner as with the corresponding compound of malonic acid, 
and yields the thioanilide of ethyl cyanomalonate. This ester exists 
in two modifications ; the one is colourless and readily changes into 
the other, which is yellow. The two forms are probably to be repre- 
sented by the formule : 
C,H,*NH:CS-:CH(CN)-CO,Et and C,H,*N:C(SH)-CH(CN)-CO,Et. 
The thioanilide of ethyl cyanomalonate resembles the former additive 
product, and, with bases, forms well-defined salts, which in turn 
react with benzyl chloride to yield the colourless benzyl derivative, 
C,H,;"N-C(S°CH,-C,H,)*CH(CN)-CO,Et. 
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Of interest is the behaviour of the thioanilides of diethyl methane- 
tricarboxylate and ethyl cyanomalonate towards ethyl chloroacetate. 
The action of this ester on the sodium derivatives of the thioanilides 
proceeds, for example, as follows : 

C,H,*N:C(S:Na)*CH(CO,Et), + CH,Cl-CO, Et = 
C,,H,,0;NS + C,H,O + NaCl, 
and yellow compounds are also formed. If one accepts Michael’s 
view concerning the manner in which mustard oils unite with ethyl 
malonate, the above-mentioned substances, according to their forma- 
tion, “— be expressed by the formule : 
Ey ey es a | 
se N: C ae (CO, Et), CN: *C,H,)-C(CN)-CO, Et 
(IL. ) 

When the Beate (I) is heated, it melts at 115—116°, but 
immediately solidifies, and then does not fuse until 135—136°. This 
phenomenon may be due to an isomeric change ; such a transforma- 
tion, indeed, is effected by the action of potassium hydroxide, when 
an isomeride is produced which is colourless, and, on heating, shows a 
somewhat different behaviour from the yellow modification, for it 
softens at 105° and only gradually melts at 134°. The yellow con- 
densation product (II), under the influence of alkali, changes in the 


same way as the former, and yields a colourless isomeride. Experi- 
ments, with the view of arriving at an explanation of these 
phenomena, are in progress, and I hope to publish the results 
shortly. 


EXPERIMENTAL. 


Thioanilide of Diethyl Methanetricarboxylate, 
C,H,*NH-CS-CH(CO,Et).. 


This substance was prepared according to Michael’s directions (loc. 
cit.), by mixing a solution of sodium (1 atom) in absolute alcohol with 
ethyl malonate (1 mol.), and then with phenylthiocarbimide (1 mol.). 
Instead of collecting the additive product which gradually separates, 
the mixture, after being kept for several hours, is poured into water, 
when generally an emulsion is produced from which a solid soon 
separates. On adding dilute hydrochloric acid to the filtrate from this 
substance, the ester is precipitated, and when crystallised from 
alcohol melts at 59—60°, as found by Michael : 


0°2044 gave 04258 CO, and 01100 H,O. ©=56°81; H=5-97. 
©,,H,,0,NS requires C=56:95 ; H = 5°76 per cent. 
The compound referred to above, which is formed along with the 
thioanilide, ervstallises from dilute alcohol in colourless needles ; its 
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melting point, 71—72°, and the following analysis characterise it as 
phenylthiourethane, C;H,-NH-CS:0-C,H, : 

02095 gave 04566 CO, and 0'1149 H,O. C=59:44; H=6-09. 
03030 ,, 20 c.c. moist nitrogen at 15° and 754mm. N=7°67. 
C,H,,ONS requires C=59°67 ; H=6-08 ; N=7-62 per cent. 

Phenylthiourethane is the only product which is formed on mixing 
ethyl sodiobenzylmalonate, dissolved in alcohol, with phenyl thio- 
carbimide ; it is precipitated as an oil, which soon solidifies when the 
alcoholic solution of the mixture is poured into water. The solid was 
crystallised from alcohol and identified with phenylthiourethane by 
the melting point and a nitrogen estimation : 

0°2415 gave 16°6 c.c. moist nitrogen at 18° and 747mm. N=7°79. 

C,H,,ONS requires N = 7-62 per cent. 

The diamide, C,H,-NH-CS-CH(CO-NH,),. The ester, C,,H,,0,NS, 
readily dissolves in ammonia ; the solution, which after four days 
does not deposit a solid, is concentrated in a vacuum at 50°, when a 
crystalline product separates. This is only sparingly soluble in” cold 
alcohol or water, but readily dissolves in the boiling solvents, and on 
cooling crystallises in faintly yellow needles which melt and 
decompose at 176—177° : 


0°1985. gave 0°3675 CO, and 0°0830 H,O. C=50°48; H=4-64. 


02010 ,, 30°8c.c. moist nitrogen at 17° and 759 mm. N =17°75. 
C,,H,,0,N,S requires C=50°63 ; H=4°64 ; N=17°72 per cent. 

The diamide is very soluble in ammonia and is reprecipitated by 
hydrochloric acid. 

The thioanilide of malonic acid, C,H,*NH*CS*CH,°CO,H, is obtained 
by keeping a solution of the ester, C,,H,,O,NS, in potassium hydroxide 
(about 15 per cent.) for three to four days and then adding dilute 
hydrochloric acid, when it separates in yellow plates ; these may be re- 
crystallised from water, in which, on warming, they are moderately 
soluble, but this operation requires some care, because the substance 
readily decomposes. The acid, after drying in a vacuum-desiccator 
over sulphuric acid, melts at 91—92° with evolution of carbon 
dioxide : 

0°2116 gave 0°4292 CO, and 0°0890 H,O. C=5531; H=4:67. 

0:2148 ,, 13°8c.c. moist nitrogen at 20° and 750 mm, N =7°25. 

C,H,O,NS requires C= 55°38; H=4°61 ; N=7-18 per cent. 

The compound is very soluble in alcohol, and this solution, with 
ferric chloride, gives a red coloration which disappears on heating. On 
adding silver nitrate to the ammoniacal or aqueous solutions of the acid, 
a white precipitate is produced which immediately turns black owing 
’ to the formation of silver sulphide. 
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The thioanilide of malonic acid, when heated on the water-bath until 
the evolution of carbon dioxide has ceased, yields an oil which on cool- 
ing sets to a solid. This crystallises from dilute alcohol in pale 
yellow prisms ; it was identified with thioacetanilide by the melting 
point 75° and by analysis : 


0:2155 gave 17°4 c.c. moist nitrogen at 13° and 746 mm. N=9°38. 
C,H,NS requires N = 9°27 per cent. 


Diethyl Benzylisothioanilidomethanetricarboxylate, 
C,H,*N:C(S-CH,°C,H,)°CH(CO, Et).. 

This compound is formed by mixing a solution of sodium (0°5 gram) 
in absolute alcohol with the thioanilide of diethyl methanetricarb- 
oxylate (6-4 grams), dissolved in alcohol, and then adding benzyl 
chloride (2°7 grams). Sodium chloride begins to separate at the 
ordinary temperature, and the reaction is complete after an hour’s 
digestion on the water-bath. On distilling off the alcohol, an oil is 
left behind which, in the course of a day, sets to a solid; this is 
extremely soluble in alcohol or ether, less so in boiling light petroleum, 
and, on cooling, crystallises in colourless prisms melting at 64—65° : 


0:2098 gave 05017 CO, and 01123 H,O. C=65°21; H=5°94. 
0:2672 ,, 8:2 c.c. moist nitrogen at 14° and 768mm. N=3°65. 
C,,H,,0,NS requires C= 65°45 ; H=5°92 ; N =3°64 per cent. 


This compound is insoluble in ammonia or potassium hydroxide ; on 
boiling with dilute hydrochloric acid, it is readily decomposed, and 
yields aniline and benzyl mercaptan. The latter substance is isolated 
by distilling the product of the reaction with steam and extracting 
the distillate with ether. The oil which is left behind on removal of 
the ether is characterised as a mercaptan by the odour and the 
formation of a mercury compound; it was identified with benzyl 
mercaptan by the boiling point, 195°. The presence of aniline in 
the acid solution was ascertained by the well known tests. 


Action of Allylthiocarbimide on Ethyl Sodiomalonate. 


This reaction, which is effected in the same way as in the former 
case, is accompanied by the development of heat. The alcoholic solu- 
tion of the mixture of reagents, when cold, is poured into water, when 
an emulsion is produced which is removed by extraction with ether. 
On adding dilute sulphuric acid to the aqueous layer, a yellow oil is 
precipitated, which is decomposed even on distillation under diminished 
pressure. For analysis, the oil was dried in a vacuum desiccator over 
sulphuric acid; owing to the fact that the substance cannot be 


626 RUHEMANN: THE ACTION OF MUSTARD OILS ON THE 


purified, the results obtained only approximately agree with those 
required for the thioallylamide of diethyl methanetricarboxylate, 
C,H,-NH°CS:CH(CO,Et), : 
0:2099 gave 0°3855 CO, and 0°1242 H,O. C=50°08; H=6:57.. 
C,,H,,0,NS requires C=50°96 ; H=6°56 per cent. 

The ester readily dissolves in concentrated ammonia, yielding a 
yellow solution; if this is kept for three days at the ordinary 
temperature, then concentrated by distillation at about 50° under 
diminished pressure, and finally treated with dilute hydrochloric acid, 
the diamide,C,H,*NH-CS-CH(CO-NH,),, is precipitated. The substance 
is only sparingly soluble in cold, but readily so in boiling alcohol 
and, on cooling, crystallises in bunches of colourless needles which 
melt, not quite sharply, at 184°: 

0°2003 gave 0°3067 CO, and 0°1035 H,O. C=41'76; H=5-74. 

01993 ,, 35..c. moist nitrogen at 13° and 764 mm. N=20°85. 

C,H,,0,N,S requires C=41°79; H=5°47; N =20-90 per cent. 


Thioanilide of Ethyl Cyanomalonate, 
C,H,:NH°CS:CH(CN)-CO,Et. 


On adding phenylthiocarbimide to the alcoholic solution of the 
mixture of sodium ethoxide and ethyl cyanoacetate, heat is developed 
and colourless crystals of the additive compound separate. The 
product, when cold, is poured into water, when a white solid is 
precipitated which is only sparingly soluble in ether or cold alcohol, 
but dissolves readily in boiling alcohol and, on cooling, crystallises in 
yellow prisms melting at 118—119° : 

02128 gave 0°4525 CO, and 0:0935 H,O. C=57'99; H=4°88. 

02305 ,, 21°8c.c. moist nitrogen at 12° and 767 mm. N =11°33. 

C,,.H,,0,N.S requires C=58°06 ; H=4:84; N=11-29 per cent. 

The ester, when precipitated from its solutions in alkalis by 
mineral acids, is colourless and does not turn yellow on drying in 
a vacuum-desiccator or on dissolving it in cold glacial acetic acid, 
but a yellow colour is developed on heating the substance in the 
water-bath or on crystallising it from hot solvents. This behaviour 
points to the view that the ester exists in two forms; one 
is colourless and readily changes into the other, which is yellow. 

The thioanilide of ethyl cyanomalonate dissolves in alkalis or, although 
slowly, in alkali carbonates to form colourless salts. 

The potassium salt separates from the hot solution of the ester 
in potassium hydroxide in plates which are sparingly soluble in 
cold, but readily so in boiling water: 
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0°3205 gave 00970 K,SO,. K=13°57. 
C,,H,,0,N,SK requires K=13°63 per cent. 

The ammonium salt is isolated by evaporating the solution of 
the ester in ammonia under diminished pressure. It forms colour- 
less prisms which are moderately soluble in cold, and readily so in 
boiling water : 

0:2118 gave 29°2 c.c. moist nitrogen at 19° and 764mm. N=15-92. 

C,.H,,0,N,S requires N=15°85 per cent. 
Ethyl benzylisothioanilidocyanomalonate, 
O,H,°N:C(S:CH,°C,H,)*CH(CN)-CO, Et, 
is formed by mixing the solutions of sodium (0°6 gram) in alcohol 
with the thioanilide of ethyl cyanomalonate (6:4 grams), dissolved in 
alcohol, then adding benzyl chloride (3:3 grams) and boiling the 
mixture on the water-bath for half an hour. On distillation of 
the alcohol, an oil is left behind which, when cold, sets to a solid. 
This is washed with water, dried in a vacuum desiccator and dis- 
solved in boiling light petroleum from which, on cooling, it 
crystallises in colourless prisms melting at 79—80°: 
0:2078 gave 0°5128 CO, and 01004 H,O. C=67°30; H=5-36. 
02308 ,, 16:4 c.c. moist nitrogen at 17° and 773 mm. N=8:'39. 
C,,H,,0,N.S requires C= 67°46 ; H=5:33 ; N=8:28 per cent. 

The substance is very soluble in alcohol or ether; it dissolves 

sparingly in cold, but readily in boiling light petroleum. 


Action of Ethyl Chloroacetate on the Thiounilides of Diethyl Methane- 
tricarboxylate and Ethyl Cyanomalonate. 


It has been mentioned before (p. 623) that this reaction yields cyclic 

compounds which probably have the formule : 
se Ee Ci, G0 
S<o(:N-C,H,)€(CO, Et), °"4 S<O(:N-C,H,)*C(CN)*CO,Et’ 
(1.) (II.) 

and accordingly are to be regarded as derivatives of tetrahydro- 
thiophen. The formation of the first (I), diethyl-2-phenylimino-4-keto- 
tetrahydrothiophen-3-dicarboxylate, takes place almost quantitatively on 
adding to a solution of sodium (0°8 gram) in absolute alcohol, first 
the thioanilide of diethyl methanetricarboxylate (10°3 grams), dis- 
solved in the same solvent, then ethyl chloroacetate (4°3 grams), 
and digesting the mixture on the water-bath for an hour. The 
alcohol is distilled off, and the residue poured into water, when a solid 
separates, This crystallises from dilute alcohol in yellow prisms which 
first melt at 115—116°, but immediately solidify again and then only 
melt again at 135—136° : 
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0°2042 gave 04295 CO, and 00965 H,O. C=57°36; H=5:25. 
0:2735 ,, 10c.c. moist nitrogen at 14° and 752mm. N=4:25, 
02102 ,, 01475 BaSO,. S=9°61. 

C,,H,,0,NS requires C = 57:31 ; H=5°07 ; N=4:18 ; S=9°56 per cent. 


The substance is moderately soluble in cold, readily so in hot 
alcohol or chloroform. These solutions as well as the crystals are 
yellow and retain their colour even on boiling the alcoholic solution 
with animal charcoal. 

The compound does not immediately dissolve in potassium hydroxide, 
but it dissolves on being left in contact with the alkali for some time. 
After a fortnight, the solution is filtered from the undissolved crystals 
and treated with hydrochloric acid, when a viscous product is 
precipitated which, on being kept overnight, sets to a solid. This is 
dissolved in alcohol, and the solution boiled with animal charcoal ; the 
filtrate, on cooling, yields colourless prisms which soften at 105° and 
gradually melt at 134°. This substance has the same composition as 
the yellow compound : 


02065 gave 0°4344 CO, and 0°0947 H,O. C=57:37; H=5-09. 
0°2263 ,, 8c.c. moist nitrogen at 15°and 771mm. N=4:20. 
C,,H,,0O,NS requires C=57°31; H=5-07 ; N=4:18 per cent. 


The compound is very stable towards acids and alkalis; when 
boiled with potassium hydroxide for two hours, it decomposes 
according to the equation : 


C,,H,,0,NS+5H,O = 
C,H,"NH, + CH,(CO,H), + CH,(SH)-CO,H + CO, + 20,H,0. 


The aniline was extracted with ether from the yellow solution, and 
identified by the usual tests ; the alkaline liquor, on treatment with 
hydrochloric acid, evolved carbon dioxide and, when shaken with ether, 
gave an oil having the properties of thioglycollic acid ; the remaining 
acid layer was evaporated on the water-bath and the residue extracted 
with ether ; on removal of the ether, colourless crystals were left 
behind which were recognised as malonic acid by the melting point. 

The cyclic compound (II), C,,H,,0,N,S, is formed in the same way 
as its analogue (I). The alcoholic solution of the mixture of sodium 
ethoxide, the thioanilide of ethyl cyanomalonate and ethyl chloroacetate, 
when digested on the water-bath, becomes deep red. On distillation 
of the alcohol, a dark solid is left behind which loses the greater 
part of the colouring matter by washing with water. The substance 
is sparingly soluble in cold or boiling alcohol and, after treatment of 
the solution with animal charcoal, crystallises in yellow prisms which 
darken at about 205° and melt at 212° to a black liquid : 
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0'2065 gave 0°4400 CO, and 0°0810 H,O. C=58:11; H=4:35. 
02225 ,, 19 c.c. moist nitrogen at 18° and 761 mm. N=9°87. 
C,,H,,0,N,8 requires C=58°33 ; H=4:17 ; N=9°72 per cent. 

This substance resembles the former cyclic compound in its 
behaviour towards potassium hydroxide, with the difference that it 
dissolves readily in the warm alkali. On adding dilute hydrochloric 
acid to this solution, a solid is precipitated which, when crystallised 
from alcohol with the aid of animal charcoal, is obtained in prisms. 
These are colourless and, on heating, become discoloured at about 190°, 
then gradually turn black, and finally melt at 212° to a dark liquid. 
The identity of this product with the yellow substance was verified by 
a nitrogen determination : 


0'2235 gave 18°4 c.c. moist nitrogen at 14° and 773 mm. N=9°85. 
C,,H,,0,N,S requires N = 9°72 per cent. 

The chief difference which, up to the present, has been found to 
exist between the two forms, lies in the fact that the one is yellow, 
the other colourless; besides this I have noticed that the latter 
compound is more readily soluble in alcohol than the yellow moiifica- 
tion. A further study, especially the crystallographic examination, 
will, most probably, reveal other points of difference. 


GONVILLE AND Calus COLLEGE, 
CAMBRIDGE. 


LVIII.—Substituted Dihydrobenzenes. Part I]. 1: 1-Di- 
methyl-A?**-dihydrobenzene and 1 : 1-Dimethyl-A’*’- 
dihydrobenzene. 


By ArTHuR WILLIAM CrossLEY and Nora Revovr, Salters’ Research 
Fellow. 


Tue first part of this research contained an account of the pfeparation 
of 1: 1-dimethyl-A*‘*-dihydrobenzene (II) by the reduction of 3 : 5-di- 
chloro-1 : 1-dimethyl-A?**-dihydrobenzene (I) with sodium in moist 
ethereal solution (Trans., 1902, 81, 821) : 
OMe,<Ht coe cH nee OMe< oH cH CH. 
(I.) (IL) 

Shortly after the publication of this work, Harries and Antoni 
(Annalen, 1903, 328, 88) expressed doubt, not only as to the constitu- 
tion but also as to the composition of this hydrocarbon. Their 
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criticisms were, in part, answered at the time (Ber., 1903,36, 2692), 
but it was considered desirable to try to prepare the substance by 
another method, in the hope that a comparison of the two specimens 
of the hydrocarbon would throw further light on the problem, 
Although many processes have been attempted, it is only recently 
that one has been successfully carried out, with the result that the 
correctness of the earlier experiments and deductions are completely 
confirmed, allowing the following conclusions to be arrived at. 

1. The dimethyldihydrobenzene described by Crossley and Le Sueur 
is 1 : 1-dimethyl-A*‘*-dihydrobenzene, containing as impurity a very 
small amount of some oxygenated substance, probably a methoxy- 
compound, 

2. The hydrocarbon described in this communication (dimethyl- 
dihydrobenzene C and R),* and prepared by the elimination of two 
molecules of hydrogen bromide from dibromodimethylhexahydro- 
benzene, is a mixture, in approximately equal quantities, of 
pure 1:1-dimethyl-A*'*dihydrobenzene and pure 1: 1-dimethyl- 
A*'°-dihydrobenzene. 

The starting point in the synthesis was again dimethyldihydro- 
resorcin (III), which was first converted into its ethyl ether (IV) 
(Trans., 1899, 75, 775), and this by reduction with sodium in absolute 
ethyl-alcoholic solution into 3-hydroxy-5-ethoxy-1 : 1-dimethylhexa- 
hydrobenzene (V) : 


CMe, <r C OH)> CH CMe. <oat 0 OR CH 


(III. H.-CH(OH (IV.) 
C O 
OMe. on?.CH (OES? OH,. 
(V.) 

This method of preparing the ethoxy-compound is to be preferred to 
that originally described (Trans., 1907, 91, 74), on account of the 
somewhat larger proportion of the compound produced, and also 
because the various reactions involved are more readily carried out. 
The yield of ethoxy-compound is 51 per cent. of the theoretical from 
the ethyl ‘ether used, and there are also produced a resin, containing 
1: 1'-dihydroxy-5 :5: 5’: 5’-tetramethyldicyclohexane (Trans., 1907, 
91, 71) and a low-boiling liquid, the composition of which is dealt 
with on page 641. 

* To avoid confusion as far as possible, the hydrocarbon described in this com- 
munication, which is a mixture of pure 1 : 1-dimethyl-A?‘+-dihydrobenzene and of 
pure 1 : 1-dimethyl-A?‘5-dihydrobenzene, is referred to as dimethyldihydrobenzene 
(C and R), the 1:1-dimethyl-A?:4dihydrobenzene, prepared by Crossley and 
Le Sueur, as dimethyldihydrobenzene (C and 8), and the supposed 1 : 1-dimethyl- 
4?:5.dihydrobenzene of Harries and Antoni (Joc. cit.) as dimethyldihydrobenzene 
(H and A). 


- 
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When hydroxyethoxydimethylhexahydrobenzene is treated with 
fuming hydrobromic acid a mixture of bromodimethyltetrahydrobenzene 


CH,"CHBr CH,-CHB 
CMe,< on? oH OH CMe “<oy CHB OU: 


(VI.) (VII. ) 


(VI) and dibromodimethylhexahydrobenzene (VII) results,in which the 
latter largely predominates. The presence of the former monobromo- 
derivative is due to the instability of dibromodimethylhexahydro- 
benzene and its consequent decomposition with loss of the elements of 
hydrogen bromide. For this reason, it was impossible to prepare the 
dibromo-compound in an analytically pure condition, as, no matter how 
often it was distilled, there was always slight decomposition, resulting 
in the formation of a small quantity of the lower boiling bromo- 
dimethyltetrahydrobenzene. Nor could this latter substance be 
obtained analytically pure, for it behaves in an exactly similar manner 
on distillation, giving off the elements of hydrogen bromide with 
gradual formation of dimethyldihydrobenzene. 

When dibromodimethylhexahydrobenzene is treated with quinoline 
it loses readily and completely two molecules of hydrogen bromide, 
with formation of dimethyldihydrobenzene, and this reaction may take 
place in two ways, and two ways only, giving rise to 1 : 1-dimethyl-A*** 
dihydrobenzene (VIII), or to 1 : 1-dimethy]-A’ ‘°-dihydrobenzene (1X) : 


H,-CHB 
CMe on CHB CH 


* ™, 


¥ N 
OMe,<oH oH? CH OMe, <CH:CH>CH,, 
(VIII.) (IX.) 
There is no difficulty in proving that the reaction proceeds in both 
directions, giving rise to a mixture of the two hydrocarbons in 
approximately equal amounts. At first it was thought that the 
bromodimethyltetrahydrobenzene might have given only dimethyl- 
A?:4dihydrobenzene on treatment with quinoline, and the substance 
was therefore worked up separately, 
CMe,<CH 2 rCH> CH => OMe,< OH “OH > 08, 
2 
without the slightest indication of any difference in the composition 
of the resulting hydrocarbon. Nor is this to be surprised at, for if the 
first product of the action of hydrogen bromide on the ethoxy-compound 
be dibromodimethylhexahydrobenzene, this may lose hydrogen 
bromide in two ways to give monobromo-derivatives (X and XI) from 
VOL. XCIII. TT 
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which the same mixture of hydrocarbons might result by further loss 
of hydrogen bromide : 
H——CH ‘ CH,*CHB 
OMe,<on -cHBr> CH: <- CMe<oq?.cHB CH: 
0 CH,-C 
»*CHB , 
(XI.) 
. 4 


H:CH ' CH: CH 
OMe,<oroH CH: CMe, on cH? CH. 

The reasons for believing dimethyldihydrobenzene (C and R) to be 
a mixture of the two hydrocarbons with the double bonds in the 2: 4- 
(formula VIII) and 2:5- (formula IX) positions respectively are the 


following. 
1. It contains 1: 1-dimethyl-A’'*-dihydrobenzene because it gives 


the nitrosochloride of this hydrocarbon (Trans., 1902, 81, 835). 

2. When treated with hydrogen bromide it gives a monohydro- 
bromide and a dihydrobromide. The former boils at 82—83°/20 mm., 
yields 0 oxidation as-dimethylsuccinic acid, B8-dimethylglutaric acid 
and the lactone of a-hydroxy-88-dimethylglutaric. acid, and is therefore 
identical with the hydrobromide of I : 1-dimethyl-A*‘*-dihydrobenzene 
(Trans., ibid., p. 833), which hydrocarbon, owing to the fact that it 
contains a conjugated double bond, is only capable of uniting with one 
molecwe of hydrogen bromide, thus corresponding exactly with the 
behaviour of A'**dihydrobenzene (Trans., 1904, 85, 1422) in this 
respect. 

The dihydrobromide is obviously that of 1 : 1-dimethyl-A?*‘*-dihydro- 
benzene, which, as it contains two double bonds not conjugated, 
would unite with two molecules of hydrogen bromide. 

3. It absorbs bromine to give two distinct bromides, namely, the 
liquid dibromide of 1: 1-dimethyl-A’‘*dihydrobenzene (Trans., 1902, 
81, 833), and the solid tetrabromide (m. p, 102°) which must be derived 
from 1 : 1-dimethyl-A*‘*-dihydrobenzene. Moreover, as the molecular 
absorption corresponds with three atoms of bromine, it would mean 
that the mixture consists of the two hydrocarbons in exactly equal 
amounts. This behaviour is in striking accord with that of dihydro- 
benzene itself towards bromine, in which case the A’** variety (XII) 
absorbs only two atoms to give the solid dibromide (m. p. 108—109°) 
(Trans., 1904, 85, 1421), whereas A’‘‘-dihydrobenzene (XIII) adds 

CH—CH CH-CHN vq, | 
CH<oH .cH, CH CA<oH,-cH? CE | 
(XL) (XIII.) 


— 


—. 


( 
c 
a 
a 
1 
q 
c 
d 
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on four atoms of bromine to give a solid tetrabromide melting at 184° 
(Baeyer, Annalen, 1894, 278, 96). 

4. When oxidised with potassium permanganate it yields as main 
oxidation products as-dimethylsuccinic acid and dimethylmalonic acid. 
The former arises from the | : 1-dimethyl-A-* ‘*-dihydrobenzene, because, 
under the conditions used, this hydrocarbon has been shown by 
experiment not to give rise to any dimethylmalonic acid, which 
therefore owes its origin to the oxidation of 1 : 1-dimethyl-A*‘*-dihydro- 
benzene : 


— 


OMes< oH cH OM 

5. It gives, when treated with a nitrating mixture, the two possible 
forms of trinitro-o-xylene melting at 71° and 115° respectively. ‘This 
is an exactly analogous reaction to that recorded by Wallach 
(Annalen, 1890, 258, 329), where 1: 3-dimethyldihydrobenzene was 
converted by a mixture of nitric and sulphuric acids into mono-, di-, 
and trinitro-m-xylenes. Now it was not found practicable to prepare 
a nitro-derivative from 1 : 1-dimethyl-A*‘*dihydrobenzene (Trans,, 
1902, 81, 833), and the experiments have been repeated with fresh 
quantities of this hydrocarbon again with the same result. The con- 
clusion to be drawn is obviously that the isomeric 1 : 1-dimethyl-A?‘*- 
dihydrobenzene is responsible for the production of the trinitroxylenes 
in the above-mentioned experiments, during which process a methyl 
group wanders and, as in other similar cases (Trans., 1904, 85, 264 ; 
1906, 89, 875), into an ortho-position. 

It would appear desirable at this point to give a tabulated com- 
parison of the properties of the dimethyldihydrobenzenes (C and §8) 
and (O and R), also of 1: 1-dimethyl-A?‘*dihydrobenzene and 1: 1- 
dimethyl-A?‘*-dihydrobenzene, as far as can be ascertained from the 
present experiments (see p. 634). 

Having acquired this information, the criticisms of Harries and 
Antoni (loc. cit.) may now be answered in detail.* 

In the first place, these authors consider that the analyses given by 
Crossley and Le Sueur (ibid.) are midway between those for a dimethyl- 
dihydro- and a dimethyltetrahydro-benzene. The mean of the two analy- 
ses quoted gave C= 88°30 and H=11°'27, and it is obvious from the 


Calculated. Calculated. 
Difference. C,Hy4 Found. . Difference. 
+1°03 87°27 C=88'30 A — 0°58 
— 1°46 12°73 H=11°'27 , +0°16 


annexed comparison that the numbers do not lie midway between 


* The reply to their remarks about dihydrobenzene has appeared (Trans., 1904, 
85, 1404). 
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| 
} 


Dimethyldihydrobenzenes. 


| 
(C and 8). 
| 


(C and R). 


| 111° 
Sp. gr. at 15°/15° 
Index of refraction 
Molecular refraction 
Magnetic rotation ........... 


Colour with H,SO, ............ Blood-red turning to 


violet-purple 


Monohydrobromide, b. p. 


Fuming HBr 
90°5°/36 mm. 


Dibromide, unstable 
liquid 


Nitrosochloride, m. p. 
121° 


Nitrating mixture No definite product 


Oxidation products as-Dimethylsuccinic acid 

Oxidation products of mono- 

hydrobromide as-Dimethylsuccinicacid, 

| B8-dimethylglutaricacid, 

lactone of a-hydroxy-8f- 
dimethylglutaric acid 


111°2° 
0°8147 
1°4535 

60°251 

10°450 


Blood-red turning 
violet-purple 


to 


Monohydrobromide, b. p. 
83°/20 mm. 

Dihydrobromide, b. 
137°/25 mm. 


p- 


Dibromide, unstable 
liquid 
Tetrabromide, m. p. 102° 


Nitrosochloride, 
121° 


m. p. 


Trinitro-o-xylenes, m. p. 
71° and 115° 


as-Dimethylsuccinicacid, 
dimethylmalonic acid 


as-Dimethylsuccinicacid, 

68-dimethylglutaricacid, 

lactone of a-hydroxy-AB- 
dimethylglutaric acid 


1 : 1-Dimethy]-A?:4-dihydrobenzene. 


1 : 1-Dimethy]l-A?:5-dihydrobenzene. 


Hydrobromide, O,H,,Br. B. p. 83°/20 | 


mm. 
Nitrosochloride, m. p. 121° 
Dibromide, C,H,,Br2, unstable liquid 


No nitro-derivatives obtainable 


Oxidation product, as-dimethylsuccinic 


> acid 


Hydrobromide, CsH,,Bry. B. p, 137°/25 
mm. 


| No nitrosochloride isolated 
| Tetrabromide, CgH,.Br,, m. p. 102° 


| Trinitro-o-xylenes, m. p. 71° and 115° 


Oxidation product, dimethylmalonie acid 
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the calculated figures, the differences in those found and calculated 
for C,H,, being very large, and the errors are in the wrong direc- 
tion; for as a rule carbon is found too low and hydrogen too high, 
and not vice versa. Moreover, if any appreciable quantity of di- 
methyltetrahydrobenzene had been present it could hardly have escaped 
detection, as on oxidation it would have yielded B8-dimethyladipic 
acid, which presents no difficulty of isolation or identification. This 
may be noted from the following brief description of some unpublished 
experiments. 

In 1903 an unsuccessful attempt was made to prepare | : 1-dimethyl- 
hexahydrobenzene (compare Trans., 1905, 8'7, 1487) by the reduction 
of 3 :5-dichloro-1 : 1-dimethy]l-A?‘*-dihydrobenzene (I) with sodium in 
amyl-aleoholic solution. The resulting hydrocarbon, after distillation 
over sodium, boiled at 113—114° and gave the following numbers on 
analysis, C = 87°96, H=12°15 ; that is, midway between those calcu- 
lated for C,H,, and C,H,,. Further, it gave an orange-brown colour 
with sulphuric acid, and absorbed two atoms of bromine in chloroform 
solution (molecular absorption, 1565). This would be in agreement 
with the supposition that the hydrocarbon was a mixture of 1: 1-di- 
methyl-A’'*-dihydrobenzene and 1 : 1-dimethyl-A®-tetrahydrobenzene, 
both of which substances would only absorb two atoms of bromine. 
On oxidation with potassium permanganate a solid was obtained, which 
was heated with acetyl chloride, and after evaporation of the solvent 
the residue was treated with dilute sodium carbonate solution, leaving 
an insoluble portion, which was proved to consist of as-dimethyl- 
succinic anhydride; after acidification of the sodium carbonate 
solution with dilute sulphuric acid, ether extracted a white solid 
crystallising from a mixture of chloroform and light petroleum in 
stellar aggregates of flattened needles melting at 85—86°, nor was 
this melting point altered on mixing with pure #-dimethyladipic 
acid. (C=55:15; H=810. O,H,,0, requires C=55:17 ; H=8-05 
per cent., compare also Trans., 1906, 89, 1556.) 

If the above quoted figures for dimethyldihydrobenzene (C and 8) 
are examined, it will be found that they add up to 99°57; and 
although this hydrocarbon has been prepared by the old method on 
fifteen different occasions, and each time analysed, the percentages of 
carbon and hydrogen found have never together formed 100, the 
deficit in some cases amounting to as much as (°8—0-9 per cent. — It 
is therefore acknowledged that the hydrocarbon was not and cannot 
be obtained in an absolutely pure state by the original method, but 
the impurity is not dimethyltetrahydrobenzene as suggested by 
Harries and Antoni. The hydrocarbon was prepared by the action 
of sodium in moist ethereal solution on dichlorodimethyldihydro- 
benzene (I), and it might therefore be thought that the impurity was 
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chlorine ; but the most stringent tests failed to reveal the slightest trace 
of this element. Now when chloroketodimethyltetrahydrobenzene (XIV) 
, CH,-CH(OH 
Meo ‘oro -> OMe< on CHORE? oH 
(XIV. ) 
is reduced with sodium in ethyl-alcoholic solution, the chlorine atom 
is replaced by an ethoxy-group (Trans., 1907, 91, 74), and it seems 
most probable that a similar type of reaction takes place in the 
preparation of | ; 1-dimethyl-A*‘*-dihydrobenzene by the reduction of 
dichlorodimethyldihydrobenzene with sodium in moist ethereal solu- 
tion ; because small quantities of methyl alcohol were added to the 
ether to facilitate the reaction, and, up toa certain point, the larger 
the amount of alcohol the more impure was the resulting hydrocarbon. 
It may therefore be reasonably deduced that the deficit in the above- 
mentioned analyses is due to oxygen, and that the dimethyldihydro- 
benzene contains very small amounts of a methoxy-compound, possibly 


CMe OH, CON) >CH, which would account for the error in the 


analytical deleivia. 

Another suggestion made by Harries and Antoni is that dimethy]- 
dihydrobenzene (C and §) is not a true dihydrobenzene, but contains a 
trimethylene ring as represented in formula XV. Altogether apart 
from the probable incapability of existence of such a body, it may be 


CH :CCl CH=0y, ¢ 
OMe<on.. ogecH —> OMe<iy Oe 


ma 
mentioned that the magnetic rotation of the hydrocarbon would have 
at once proved the presence of a trimethylene ring, and, moreover, 
we have now evidence that the same dimethyldihydrobenzene is 
produced by the reduction of dichlorodimethyldihydrobenzene, and by 
the removal of the elements of hydrogen bromide from dibromo- 
dimethylhexahydrobenzene. 


MeOH CH> OH 


rd no 
CH :CCl . CH,°CHB 
CMe<oH -col CH CMes< 6H”. CHBr> CH 
This can only be explained if the substance be designated 1 : 1-di- 
methyl-A’*‘*-dihydrobenzene, and hence the possibility of a tri- 
methylene ring being present in the hydrocarbon is precluded. 


.Harries and Antoni further point out as a proof that dimethyl- 
dihydrobenzene (C and 8) is a mixture of the dihydro- and tetra- 
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hydro-derivatives, that the physical constants lie midway between 
those of hydrocarbons of the dihydrobenzene series and those of the 
tetrahydrobenzene series. The specific gravity, 0°814 at 18°/18°, is, 
however, not very different from that of 1 : 3-dimethyl-A‘‘*-dihydro- 
benzene described by Harries, namely, 0°820 at 18°/18°, and, however 
plausible the above argument may have appeared at the time, it is no 
longer tenable; for there can be no doubt that-dimethyldihydro- 
benzene (C and R) does not contain any of the corresponding tetra- 
hydro-derivative, yet its physical data do not differ sufficiently from 
those of dimethyldihydrobenzene (C and 8) to bring it in line with 
those quoted by Harries and Antoni. (See page 634.) 

The whole question is further complicated by the fact that Harries 
and Antoni prepared a hydrocarbon, which they believed to be 
1: 1-dimethyl-A*‘°-dihydrobenzene, also from dimethyldihydroresorcin 
as a starting point; but, unfortunately, no information is given as to 
any derivatives which would enable a comparison to be made with the 
hydrocarbon having that undoubted structure described in this com- 
munication; and it would appear that the present evidence is 
insufficient definitely to establish the constitution of Harries and 
Antoni’s hydrocarbon. Dimethyldihydroresorcin was first converted 
into the dioxime, and, after reduction, the dry phosphate of the result- 
ing diamine was distilled : 


— 1H, -C(:N-OH 
OMe et ap OM OHO NOH OH te 


CH,-C(OH) 
H:CH 


-CH,*CH(NH,)\, ; C 
CMe oH?-C H (NHL)? CH: —> OMe<oq:oH- CH: 
*(XVI.) 


The single piece of evidence on which the supposed constitution of 
this substance is based is oxidation, whereby 9 grams gave 0°3 
gram of oxalic acid, a small amount of a succinic acid, the presence of 
which could only be proved by the pyrrole reaction, and 2 to 3 grams 
of an oily acid, consisting for the most part of malonic acid. It is 
stated that this latter acid could only have been formed if the hydro- 
carbon has the constitution represented by formula (XVI); in which 

ca, HHS on, > ne, QOH SO Son, 
case dimethylmalonic acid should also have been isolated ; but Harries 
and Antoni definitely state that it was impossible to isolate any of 
this acid. In other words, Harries and Antoni were unable to obtain 
any oxidation product from the hydrocarbon which contained the gem- 
dimethyl group. Now, although the present authors have oxidised a 
very large number of derivatives of dimethyldihydroresorcin, they have 
never failed in any case to isolate either dimethylmalonic acid, as-di- 


638 CROSSLEY AND RENOUF: 


methylsuccinic acid, 88-dimethylglutaric acid, the lactone of a-hydroxy- 
BB-dimethylglutaric acid, or aa- or 88-dimethyladipic acids, that is, an 
oxidation product definitely proving the presence of the gem-dimethyl 
group. 

It is possible that during the distillation of the diamine phosphate 
a methyl group has wandered, whence Harries and Antoni’s hydro- 
carbon might have the constitution represented by formula (XVII), 


CHMe<o >On, CHMe <0 = CO: E>cH, 


(XVIL) 
and from which malonic acid could easily result on oxidation. 

Nor is there any apparent reason, presuming that a methyl group 
does not wander, for supposing that the elimination of ammonia from 
the cyclic diamine would take place in one way and one way only. 
Harries and Antoni have themselves shown that, when the phosphate 
of diaminohexahydrobenzene (X VIII) is submitted to dry distillation, 
ammonia is evolved in both of the possible directions, giving rise to a 
mixture of A’**-dihydrobenzene (XX) and A’‘*-dihydrobenzene (XIX), 


CH:CH CH,-CH(NH,) 
CHs<cu:cH> CH: = <—- CH og’ caine CF: 


(XIX. ) (XVII ) 


rd 
¥ 


CH: CH 
CH<on.-cH7 4 


(XX.) 
and they therefore conclude that “the gem-dimethyl group influences 
the position taken up by the double bonds,” 


H,CH(NH,) HCH 
OMe<H” CHINE? )>CH, —> OMe<Gp oH > OH 


If this is so, why does it not influence the position of the double 
bonds when hydrogen bromide is eliminated from dibromodimethy]- 
hexahydrobenzene? For this is a reaction strictly analogous to the 


HICH 
OMe<Gn-on> CH, <— OMe,<oR frond OH, 


above, which, as proved in this communication, takes place in both 
ways, giving rise to a mixture of the two possible hydrocarbons in 
equal amounts. The presence of the gem-dimethyl group certainly 
does not exercise any apparent influence in this case, ‘or in the 
position of the double bond formed when 3-bremo-1 : 1-dimethylhexa- 
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hydrobenzene loses the elements of hydrogen bromide (Trans., 1906, 
89, 1556), when again two isomeric hydrocarbons are produced. 


1 CH—CH ’ CH, be 
CMe<on cH, CH: <— CMe,<55 HCH, 
of 
OMe, < oH Son 


The boiling point of dimethyldihydrobenzene (H and A) 
135—137°, agreeing very well with the boiling points of other 
dimethyldihydrobenzenes, whereas dimethyldihydrobenzene (C and 8) 
boils at 111°, and Harries and Antoni suggest that the low boiling 
point may be due to the fact that it is a mixture of dimethyldi- and 
dimethyltetra-hydrobenzenes, but again this argument is not tenable, 
for dimethyldihydrobenzene (C and R) boils at precisely the same 
temperature. It is true that this latter hydrocarbon is a mixture of 
dimethyl-A’‘*-dihydrobenzene and dimethyl-A*'’-dihydrobenzene, and 
we have no information as to the lowering of the boiling point in a 
mixture of two substances differing in constitution only by the vary- 
ing positions of the double bonds. It seems hardly likely, however, 
that this would lower the boiling point by 26°, and it would, indeed, 
be a most remarkable coincidence if the minute amount of impurity in 
dimethyldihydrobenzene (C and 8S) should cause exactly the same 
lowering in the boiling point of dimethyl-A*‘*-dihydrobenzene as 
would be observed by mixing a pure specimen of this hydrocarbon 
with an equal bulk of pure dimethyl-A*:’-dihydrobenzene, yet such 
is the composition of the dimethyldihydrobenzene (C and R). It is 
hoped that before long further information will be forthcoming as to 
what influence, if any, the presence of certain ‘groupings exercises on 
the boiling point of isomeric substituted dihydrobenzenes. 

Harries and Antoni state that 2 grams of their dimethyldihydro- 
benzene gave, on treatment with a nitrating mixture, 0°6 gram of 
trinitro-m-xylene, but they do not give the melting point of the 
product, and consequently it is doubtful which of the three trinitro-m- 
xylenes (melting respectively at 90°, 125°, and 182°) was obtained. 
But this might be regarded as a proof that dimethyldihydrobenzene 
(H and A) does not contain the gem-dimethyl group, for although 
many cases of the wandering of a methyl group in derivatives of gem- 
dimethyldihydroresorcin have been recorded (Trans., 1904, 85, 264; 
1906, 89, 875), no single instance has been observed in which a 
methyl group has wandered into anything but an ortho-position. 
Moreover, dimethyldihydrobenzene (C and R) undoubtedly contains 
dimethy]-A’‘°-dihydrobenzene, and under the influence of a nitrating 
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mixture it is this hydrocarbon which is eonverted into the two possible 
trinitro-o-xylenes, as explained on page 633. 

With the statement of Harries and Antoni that dimethyldihydro- 
benzene (C and S) also gives trinitro-m-xylene we cannot agree, as all 
attempts to nitrate this hydrocarbon under the conditions mentioned 
by Harries and Antoni, and also under various other conditions, have 
failed to give any definite nitro-derivative. 


EXPERIMENTAL. 


Preparation of 1 :1-Dimethyldihydroresorcin Ethyl Ether. 


The ethyl ether of dimethyldihydroresorcin was originally prepared 
(Trans., 1899, 75, 775) by the action of ethyl iodide on the silver 
salt of dimethyldihydroresorcin, but it may be more readily obtained 
in bulk by direct esterification. For this purpose, large amounts of 
dimethyldihydroresorcin were heated in quantities of 50 grams with 
150 grams of absolute ethyl alcohol and 15 grams of concentrated 
sulphuric acid for seven hours in a flask attached to a reverse 
condenser. The major quantity of the alcohol was then evaporated, 
the residue poured into water, extracted three times with ether, 
the ethereal solution washed with potassium hydroxide solution 
(washings = A), then water, dried over calcium chloride, and the ether 
evaporated, when the residue of 38—-40 grams set at once to a solid 
cake, which, after one crystallisation from light petroleum (b. p. 
40—60°), melted sharply at 60°. 

On acidifying the alkaline washings, A, 16 grams of dimethy]l- 
dihydroresorcin were recovered, which were again esterified in the 
above-described manner, when the total yield of ethyl ether was 
brought up to 78 per cent. of the theoretical. 


Reduction of the Ether with Sodium and Absolute Alcohol. 


Four hundred and fifty grams of the ether were dissolved in 
quantities of 20 grams (1 molecule) at one time in 400 c.c. of absolute 
ethyl alcohol in a flask attached to a reverse condenser, and 33 grams 
of sodium (12 atoms) cut in thin slices gradually added ; the flask was 
continuously shaken and heated to expedite the solution of the last 
portions of the sodium. Water was then added, and sufficient alcohol 
evaporated to cause the separation of an oil, when the whole was 
extracted four times with ether, washed with water until no longer 
alkaline, dried over calcium chloride and, after evaporation of 
the ether, distilled, when at 33 mm. the following fractions were 
collected : 


oOo aonace&t ise rs ws" C0e 0©O© ete CO td” © OO 
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Below 130°=61 grams ; 130—145° = 225 grams ; resinous residue = 
31 grams, and after two more distillations : 


87—120°=45 grams ; 120—135°=2 grams ; 135—138°= 236 grams. 


Fraction 87—120°.—The boiling point of this material, which is 
identical in composition with the similar ow boiling liquid obtained 
by the reduction of chloroketodimethyltetrahydrobenzene with sodium 
in alcoholic solution (Trans, 1907, 91, 74), showed it to be a 
mixture, but after repeated fractionation a small portion boiled 
constantly at 85° at 23 mm., and gave the following numbers on 
analysis : 

0:1424 gave 0°3985 CO, and 0°1373 H,O. C=76:32; H=10°71. 

C,H,,0 requires C= 76°19 ; H=11-11 per cent. 

It was expected that this substance would prove to be 3-keto-1 : 1- 
dimethyl-A‘-tetrahydrobenzene, C,H,,.O0 (Trans., 1907, 91, 78), but 
the analysis shows it to contain at most traces of this ketone and to 
have the formula C,H,,0. It must therefore be either 3-hydroxy- 
1 : 1-dimethyl-A‘-tetrahydrobenzene (XXI), or 3-keto-1 : 1-dimethyl- 
hexahydrobenzene (XXII) : 


CMe on OE CoH OMe on CH CH 
(XXI) (XXIL) 


Inasmuch as it did not give a semicarbazone but gave acetyl and 
benzoyl derivatives, and also as its boiling point is 10° higher 
than that of keto-1:1-dimethylhexahydrobenzene (Trans., 1907, 
91, 81), it would appear to be 3-hydroxy-1 : 1-dimethyl-A*-tetrahydro- 
benzene. 

It is a clear, colourless, limpid liquid, with a strong camphoraceous 
odour, giving only a faint orange colour with sulphuric acid, and 
absorbing bromine in chloroform solution without evolving hydrogen 
bromide. It did not solidify when cooled in a freezing mixture, 
Unfortunately, the acetyl and benzoyl derivatives could not be 
obtained in an analytically pure condition, as there was too little of 
the fraction boiling at 85° at 23 mm. In order to prove the presence 
of 3-keto-] : 1-dimethyl-A*-tetrahydrobenzene, the fraction 84—86°, 
giving a marked colour reaction with sulphuric acid, was treated with 
benzoyl chloride, and, after working up in the usual way, distilled at 
25 mm., when about one-third of the liquid passed over below 100°, 
and the temperature then rose rapidly to 190° (boiling point of 
the benzoyl derivative). The low boiling liquid was reduced with zinc 
dust in aqueous alcoholic solution, when a quantity of 1 : 1’-dihydroxy- 
5:5: 5’: 5’-tetramethyl-A?‘*-dicyclohexene, melting at 148°, was 
obtained, and from this, by treatment with bromine, the tribromo- 
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anhydride (?) melting with decomposition at 250° (Trans., 1907, 
91, 76). 

The fraction 87—120° therefore consisted of 3-keto-1 : 1-dimethy]- 
A‘-tetrahydrobenzene, 3-hydroxy-1 : 1-dimethyl-A‘-tetrahydrobenzene, 
and probably also the corresponding saturated ketone and alcohol, the 
production of which substances necessitates the elimination of the 
elements of ethyl alcohol from the ethoxy-compound during the process 
of reduction. If the fraction contained nothing but these substances, 
then on reduction the whole should be converted into the fully 
saturated alcohol, and by treating 30 grams with sodium in moist 
ethereal solution (Trans., 1905, 87, 1494), there were produced 22 
grams of 3-hydroxy-1 : 1-dimethylhexahydrobenzene and 3°5 grams of a 
resin yielding 1-5 grams of 1 : 1’-dihydroxy-5 : 5 : 5’: 5’-tetramethy]- 
dicyclohexane, melting at 212° (Trans., 1907, 91, 71). The latter 
substance was also obtained by working up the 31 grams of resinous 
residue mentioned above. 

The fraction 135—138° was again distilled, when the major portion 
boiled constantly at 131° at 25 mm. : 

0°1229 gave 0°3158 CO, and 0:1288 H,O. C=70°07; H=11-64. 

C,,H,,.0, requires C= 69°77 ; H = 11°62 per cent. 
3-Hydroxy-5-ethoxy-1 : 1-dimethylhexahydrobenzene, which is ob- 
tained in 51 per cent. of the theoretical quantity from the ethyl ether 
used, possesses the properties already ascribed to it (Trans., 1907, 
91, 74). 


Action of Hydrogen Bromide on Hydroxyethoxydimethylhexa- 
hydrobenzene. 


Two hundred and fifty grams of hydroxyethoxydimethylhexahydro- 
benzene were treated with fuming hydrobromic acid exactly as 
previously described (Trans., 1905, 8'7, 1497), except that the heating 
was carried out in glass stoppered bottles instead of soda-water 
bottles. After several distillations of the product, the following 
fractions were obtained : 

80—90°=1 gram; 90—100°=9:'0 grams ; 100—110°=24 grams; 
110—120°=11°0 grams; 120—130°=5°5 grams; 130—150°= 
216 grams. 

The residue of 44 grams was not further worked with. 

The fraction 100—110° was twice redistilled, and a portion boiling 
at 92—93° at 40 mm. analysed : 

0°1431 gave 0:2852 CO, and 0:1011 H,O. C=54:35; H=T7: 85. 
01866 = ,, 0°1635 AgBr. Br = 37° 28. 

C,H,,Br requires C=50-79 ; H=6°87; Br=42°33 per cent. 
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As the analytical numbers add up to 99°5, there can be no doubt 
that the substance contained only carbon, hydrogen and bromine, 
and consisted mainly of bromodimethyltetrahydrobenzene, mixed 
probably with some dimethyldihydrobenzene ; for on distillation there 
was always slight decomposition due to loss of hydrogen bromide and 
formation of small quantities of a lower boiling substance. 

The fraction 130—150° was redistilled, when practically the whole 
boiled between 135—138° at 25 mm. : 

0:1599 gave 0°2208 CO, and 00777 H,O. C=37°66; H=5-39. 

01318 ,, 01756 AgBr. Br=56-69. 

O,H,,Br, requires C= 35°55 ; H=5°18; Br = 59°25 per cent. 

The analytical figures add up to 99°74, showing the absence 
of oxygen, and this material evidently consisted of a mixture of 
bromodimethyltetrahydrobenzene and dibromodimethylhexahydro- 
benzene, as the context shows. Further distillation only resulted in 
the evolution of hydrogen bromide and production of the monobromide 
of lower boiling point. 


Treatment of the Mixed Bromides with Quinoline. 


Having proved that the low and high boiling bromides gave the 
same substance under the influence of quinoline, the whole of the 
material was treated in the following manner. Forty grams of the 
bromide and 80 grams of freshly-distilled quinoline were heated in 
a distillation flask, the neck of which was eight inches long. A 
reaction set in at 167°, and proceeded quietly at 175°, the hydro- 
carbon distilling over. Finally, the thermometer was raised out of 
the liquid, and everything allow ed to distil which would do so below 
a temperature of 200°. As one such treatment did not give a product 
free from halogen, the distillate was again heated with its own weight 
of quinoline in the long-necked flask for one and a-half hours at 
a temperature just sufficiently high to keep the liquid boiling, but 
not to allow any hydrocarbon to pass over. The temperature was 
then raised, the hydrocarbon collected, and steam distilled from dilute 
sulphuric acid to remove quinoline. The product contained the 
merest trace of bromine, which was ent irely removed by distillation 
in air, when the small residue boiling above 150° was found to contain 
the bromine. The hydrocarbon (73 grams from 249 grams of 
bromide) was then fractionated over metallic sodium, using a Young’s 
rod and disk still-head (15 disks) : 


1st Fractionation. 2nd Fractionation. 

Grams, 
111—1138° 1 
113 —115° 5 50 
115—120° ‘ 9 
Residue z 6 
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The portion 113—115° was twice refractionated, when practically 
the whole distilled between 111° and 112°; 


0°1425 gave 0°4635 CO, and 0:1462 H,O, C=88-71; H=11-39, 
C,H,. requires C = 88°88 ; H=11'11 per cent. 


Dimethyldihydrobenzene (C and R) is a clear, colourless, highly 
refractive liquid, boiling at 111°2° at 749 mm., and possessing a faint 
odour of garlic, yet strongly resembling turpentine. When dissolved 
in alcohol and treated with concentrated sulphuric acid, it gives a 
blood-red colour, rapidly turning to deep plum colour, and then 
slowly changing to deep violet purple. As proved by the context, it 
is a mixture of | : 1-dimethyl-A®**-dihydrobenzene and 1 : 1-dimethy]- 
A?‘5.dihydrobenzene in almost equal amounts. 

The boiling point of the fractions of the hydrocarbon distilling 
above 112° was found to be lowered by each further distillation, but 
the higher fractions were too small to investigate complétely. Two 
of these were analysed and their bromine absorptions determined : 


Carbon. Hydrogen. 
a ~ - . + Bromine 
Found. Calc. Found. Cale. absorption. 
Fraction 118—121° 88°69 88°88 11°23 11°11 156°8 
» 125-130 88°44 88°88 11°48 11°11 156°5 


This proves that the whole material had the composition of a 
dimethyldihydrobenzene, and the presence of the small quantity of 
this higher boiling substance may be due to polymerisation. 

The bromine absorptions were done before it had been noticed that a 
further amount of bromine is very slowly absorbed by the hydro- 
carbon (see page 650), and, on repeating the determination with a 
portion of the hydrocarbon boiling at 120—130°, the first end-point 
showed a molecular absorption of 159 and the second end-point 235. 
On evaporating the chloroform mother liquor, the tetrabromide 
melting at 102° was obtained (see p. 650). The following physical 
data, kindly sent to us by Dr. F. M. Perkin, refer to the hydrocarbon 
boiling at 111°2°, and were determined by the late Sir W. H. 
Perkin. 


Density determinations : 
d 4°/4°=0°82374 ; d 15°/15°=0°81470 ; d 25°/25° = 0°80737. 


Magnetic rotation : 


t. Sp. rot. Mol. rot. 
15°7 1°4977 10°45065 


a ee ee ee. ee. | | 


SS ae" 


SUBSTITUTED DIHYDROBENZENES. PART II. 645 


‘ 


Refractive value : 
d 16°3°/4° =0°81291. 


Index of Specific Molecular 
refraction refraction refraction 
Line. t. Me a-1 e 3 1. Calculated. 
a 
Hy 16°3 1°453513 0°55788 60°251 60°2 
Hg 16°3 1°465146 0°57219 61°796 
Hy 16°3 1°472501 0°58124 62°777 


Dispersion Hy -— Ha 2°526. 


The first specimen of dimethyldihydrobenzene (C and 8) examined 
was in 1902 (Trans., 81, 836), but, although the numbers were con- 
sidered to prove definitely that the substance was a dimethyldihydro- 
benzene, the subsequent comparison of these numbers with the values 
obtained in the case of dimethyltetrahydrobenzene and dimethylhexa- 
hydrobenzene led Sir W. H. Perkin to express the opinion that the 
dimethyldihydrobenzene contained a small amount of some impurity, 
which is now admitted (see page 636). It will be noticed that the 
numbers for pure dimethyldihydrobenzene (C and R) given above do 
actually differ from those for dimethyldihydrobenzene (C and §) as 


seen in the following table : 
Mol. refraction 


Density Mol. w-l 

15°/15°. rot. 
OURS sictinsin 0°8153 11°0240 60°217 
C an BR vsccsnscecee 0°8147 10°4505 60°251 


As regards the magnetic rotation, this determination completes the 
investigation of a series of compounds commencing with dimethyl- 
hexahydrobenzene and ending with o-xylene, and the changes in 
physical properties following the loss of two, four, or six hydrogen 


atoms can be followed. 
Mol. rot. Difference. 


Dimethylhexahydrobenzene (Trans., 1905, 87, 1491)...... ra. oul 
Dimethyltetrahydrobenzene (2D7d.)........:.0cseeceeeeseneree ees 8-903¢ men: 
Dimethyldihydrobenzene (see above)...........seereesecseceves 10-450¢ . 

o-Xylene (Trans., 1896, 69D, 1241) ..........cessesseceeeee © one 13°345% av 


These numbers may be compared with another completed set, namely, 


hexahydrobenzene to benzene : 
Mol. rot. Difference. 


Hexahydrobenzene (Trans., 1900, 77, 372) .....cs00seeseeees don" 
0°731 
Tetrahydrobenzene (Trans., 1898, 73, 942) .........c0eeeeees ee 
1°698 
Dihydrobenzene (Trans., 1904, 85, 1417).............00cccees 8°098 
S 84m 


Benzene (Trans., 1896, 69, 1241) ........ Sap eAdssi sie escoas 11:2847% 
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It is very interesting to note that when these figures are plotted out 
they form almost regular curves practically identical in form. 

The dotted line shows the course of the curve if the number for 

dimethyldihydrobenzene (C and 8) 

Fic. 1. is included, in which case the form 

of the curve differs decidedly from 

that obtained for hexahydrobenzene 
to benzene. 

Action of Nitric Acid.—Three 
grams of the hydrocarbon were 
added drop by drop to a mixture 
of 23 cc. of fuming nitric acid and 
11 cc. of concentrated sulphuric 
acid, cooled in ice, and allowed to 
stand twenty-four hours, when an 
oil had separated. It is important 
that the addition of the hydrocarbon 
to the nitrating mixture should be 
made very gradually, otherwise 
oxidation takes place very violently 
with production of flame. The 
whole was then heated on the water- 
bath for one hour, poured into 
water, and the separated oil heated 
on the water-bath for twelve hours 
with 30 c.c. of a mixture of one 
volume of fuming nitric acid and 
two volumes of concentrated sul- 
phuric acid. On standing twelve 
hours, compact, needle-shaped crys- 
tals had separated, these were 
filtered off (filtrate = A), washed 
with water, dried on a porous plate, 
and purified by crystallisation from 
ethyl alcohol : 


~ H, -H, -H, 


0°1007 gave 15:1 c.c. moist nitrogen at 17° and 752 mm. N=17-21. 
C,H,0,N, requires N = 17°43 per cent. 


This nitro-compound crystallised from ethyl alcohol in white, 
glistening needles melting at 115°, nor was this melting point 
altered on mixing with pure trinitro-o-xylene melting at 115° (Proc., 
1908, 24, 58), with which substance it is identical. The amount 
obtained was 0°4 gram. 

‘The filtrate A (see above) was poured into water and allowed to 
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stand, when one gram of a solid separated. It was purified by 
crystallisation from alcohol and the nitrogen determined : 


0:1439 gave 21:8 c.c. moist nitrogen at 17° and 748 mm. N =17°30. 
C,H,0,N, requires N =17°43 per cent. 


This substance crystallises from absolute alcohol in small, faintly 
yellow, flattened needles melting at 71°, and is identical with the 
trinitro-o-xylene melting at 71° (Proc., Zoc. cit.). 

The nitration was then repeated under the conditions described by 
Harries and Antoni (ibid., p. 111), when 2 grams of the hydro- 
carbon gave 0°6 gram of solid which consisted of a mixture of the two 
trinitro-o-xylenes melting respectively at 71° and 115°. 

On finding that dimethyldihydrobenzene (C and R) readily gave 
these nitro-derivatives, whereas it had not been found possible to 
nitrate dimethyldihydrobenzene (C and 8), the latter was again prepared 
and treated exactly as described above. After heating one hour and 
pouring into water, 2 grams of the hydrocarbon gave 2°5 grams of 
a yellow semi-solid, which could not be brought into a crystalline 
condition, and decomposed with evolution of nitrous fumes without 
previously melting. After treatment with the second nitrating 
mixture, only 0°2 ‘gram of a similar yellow material was obtained, 
from which no definite chemical individual could be isolated. 

The nitration of dimethyldihydrobenzene (C and 8) was then 
attempted, using the conditions employed by Harries and Antoni, but 
not a trace of trinitro-m-xylene or any other crystalline substance 
could be obtained. 

A nitroso-chloride was prepared as previously described (Trans., 
1902, 81, 835), and also by passing nitrosyl chloride into a dry 
chloroform solution of the hydrocarbon kept below -—10° and then. 
pouring into four times the volume of methyl alcohol. By the first 
method, 4 grams of the hydrocarbon gave 0°1 gram, and by the 
second method 0:2 gram of a solid crystallising from methyl alcohol 
in fine, white, silky needles, melting at 121°. As the melting point 
is also a decomposition point, it varies according to conditions. On 
heating as rapidly as possible to 100° and then using a very small 
flame, the above temperature was noted, nor was this melting point 
altered on admixture with an equal bulk of the nitroso-chloride 
prepared from dimethyldihydrobenzene (C and 8) (Trans., 1902, 81, 
835). It is interesting to note the yield of this nitroso-chloride, 
namely, 0°2 gram from 4 grams of dimethyldihydrobenzene (C and R). 

This latter hydrocarbon contains approximately 50 per cent. of 
1: 1-dimethyl-A*?‘*dihydrobenzene and _ 1: 1-dimethyl-A®‘*-dihydro- 
benzene, and therefore in reality 2 grams of dimethyldihydrobenzene 
(C and R) give 0:2 gram of the nitroso-chloride, or exactly the same 
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yield as when prepared from dimethyldihydrobenzene (C and §) 
namely, 0°5 gram from 5 grams of the hydrocarbon. 

Although very careful search was made, no evidence could be 
obtained of the production of a nitroso-chloride from the isomeric 1 : 1- 
dimethyl-A***-dihydrobenzene. 

Action of Fuming Hydrobromie Acid.—Fifteen grams of the hydro- 
carbon were treated with hydrobromic acid exactly as previously 
described (Trans., 1902, 81, 833). The residue was distilled at 22 mm., 
when 15:5 grams were obtained boiling at 90—130°, and 13:5 grams 
at 130—132°. After repeated fractionation of the portion boiling 
at 90—130°, 10 grams passed over constantly at 82—83° at 20 mm., 
and gave on analysis a number for bromine agreeing with the 
addition of one molecule of hydrogen bromide to the hydrocarbon. 
This boiling point is the same as that of the hydrobromide of dimethyl- 
dihydrobenzene (C and §) (Trans., 1902, 81, 833), namely, 90°5° at 
36 mm. (not 16 mm. as stated), and identity was further proved by 
oxidation, when there were produced as-dimethylsuccinic acid, small 
quantities of BB-dimethylglutaric acid, and the lactone of a-hydroxy- 
BB-dimethylglutaric acid. The process of oxidation was that previously 
described (Trans., 1903, 83, 118). 

In order to make certain that the hydrobromide boiling at 82—83° 
at 20 mm. would not combine with more hydrogen bromide, it was 


again treated with fuming hydrobromic acid and allowed to stand 
forty-eight hours. The boiling point of the resulting liquid was un- 
changed, and a bromine determination gave the same value as after 
the first treatment with hydrobron ic acid. 

The fraction 130—132° on redistillation boiled quite constantly at 
137° at 25 mm. : 


0:1869 gave 0:2628 AgBr. Br=59°83. 
C,H, ,Br, requires Br = 59°26 per cent. 


The dihydrobromide of 1 : 1-dimethyl-A***-dihydrobenzene, in which 
the position of the bromine atoms is doubtful, is a faintly yellow, 
highly refractive liquid, turning pale violet on standing, and possessing 
an odour of turpentine. 

Action of Bromine.—The sketch on page 649 is of an apparatus 
which has been found to give very good results in the determination 
of the bromine absorption of unsaturated substances. 

Into the flask A is placed about 30 c.c. of dry chloroform and an 
accurately weighed quantity (1—1‘5 grams) of the substance to be 
tested, and the flask stoppered securely with an ordinary cork. The 
dropping funnel, C, is then attached to B by the ground-glass joint, 
ef, and into C’ is weighed about 25—30 grams of dry chloroform and 
3—4 grams of dry bromine, C is then attached to A by the ground- 
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glass joint d/), and, when the absorption is complete, is again placed 
in B and re-weighed. Any chloroform solution of bromine remaining 
in the stem of the funnel is prevented from escaping. Without the use 
of an apparatus with ground-glass joints, it is impossible to obtain 
accurate determinations, but the apparatus has been found to give 
reliable and concordant results. 

A solution of dimethyldihydrobenzene (C and R) in chloroform 
rapidly decolorised a solution of bromine in the same solvent, and 
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a sharp end-point was noted when one molecule of bromine had been 
absorbed : 

1:0747 absorbed 1°6066 Br. Molecular absorption = 161°4. 

O,H,, requires 160 for Br, and 320 for Br,. 

This behaviour of the hydrocarbon was not easy to reconcile with the 
action of hydrogen bromide in glacial acetic acid solution, where 
roughly one-half of the dimethyldihydrobenzene absorbed two mole- 
cules of hydrogen bromide. It was therefore decided, having proved 
that bromine does not act on glacial acetic acid sufficiently rapidly to 
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interfere with the reaction, to carry out the absorption in glacial 
acetic acid solution. Under these conditions, the bromine was readily 
absorbed, and a pale violet colour produced, which remained up to 
a point where the solution suddenly acquired a yellow tint, but 
this point is not as sharp as when chloroform is used as solvent : 


1°4385 absorbed 2°3334 Br. Molecular absorption = 175 (theory = 160). 


On continuing the addition of bromine, it was absorbed slowly 
without the evolution of the slightest trace of hydrogen bromide, and 
a second end-point noted when the bromine was no longer used up, the 
process occupying about thirty minutes : 


1-4385 absorbed 3:3346 Br. Molecular absorption = 250 (Br, = 320). 


As soon as this second end-point was reached, solid commenced to 
separate, and, on standing for a short time, 2°] grams were obtained, 
which were purified by crystallisation from light petroleum, and the 
bromine determined : 

0°1095 gave 0°1928 AgBr. Br=74-92. 

C,H,,Br, requires Br = 74°76 per cent. 
2:3 :5:6-Tetrabromo-1 : 1-dimethylhewahydrobenzene, 
CHBr-CHB 
OMe OH Br CBr? OB» 
is very soluble in the cold in chloroform or benzene, and crystal- 
lises from acetone, ethyl acetate, alcohol, acetic acid, or light 
petroleum (b. p. 40—60°), the crystals melting without decomposition 
at 102°. 

The authors take this opportunity of thanking Prof. W. J. Pope for 
the following description of the crystals. 

The substance crystallises in square, transparent, colourless plates, 
possessing a calcite-like lustre, and belonging to the orthorhombic 
system ; the forms present are 6{010}, c{001}, and p{110}. Measure- 
ments made on two good crystals show the prism angle to be approxi- 
mately 110:110=127°0’, whence the axial ratio a:6=2°006:1 is 
calculated. The crystals are soft, and show a perfect cleavage parallel 
to 6{010}; the acute bisectrix is the axis-b, and the optic plane is c{001}. 
The optical axial angle is large, and the double refraction is negative 
in sign. 

The absorption was then repeated in chloroform solution, when 
again a very sharp end-point was observed, the solution becoming 
yellow : 

1:0641 absorbed 1:5762 Br. Molecular absorption = 160. 

On further addition of bromine, the latter was absorbed without 


- evolution of the slightest trace of hydrogen bromide, but so slowly 


that the process could only be followed by comparing the colour of 


wert oO ™“ 
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the solution with that of a solution of potassium dichromate. At the 
end of two and a-half hours, the reaction was complete : 


1:0641 absorbed 2°3213 Br. Molecular absorption = 235°6. 


This result obviously means that dimethyldihydrobenzene (C and R) 
consists of two isomerides approximately in equal amounts, the 
A’'*-variety absorbing but 2 atoms of bromine, whereas the 
A’:’-modification absorbs 4 atoms of bromine. No solid separated 
from the chloroform solution, but on evaporation of the solvent, during 
which process no hydrogen bromide was evolved, the residue partly 
solidified and gave 1°6 grams of tetrabromodimethylhexahydrobenzene, 
melting at 102°. 

An attempt was made to isolate the dibromide from the oil out of 
which the tetrabromo-compound had separated, by preparing a much 
larger quantity of material and distilling under reduced pressure. The 
liquid boiled for the most part at 132—133° at 22 mm., the approxi- 
mate boiling point of a dibromide, but, although it passed over as a pale 
yellow oil, it rapidly darkened and gave off hydrogen bromide, and on 
exposure to air decomposed so quickly that it was quite impossible 
to carry out an analysis. These properties agree with those of the 
dibromide of dimethyldihydrobenzene (C and 8) previously described 
(Trans., 1902, 81, 833). 

Oxidation with Potassium Permanganate.—Ten grams of the hydro- 
carbon were suspended in 300 c.c. of water, kept cool in ice, stirred 
with a turbine, and a cold 4 per cent. solution of potassium perman- 
ganate gradually added. After 700 c.c. of the oxidising agent had 
been used, the reaction took place so slowly that it was allowed to 
proceed at atmospheric temperature, and was completed when 45 grams 
of permanganate had been decolorised. After working up in the 
usual way, 6 grams of an oily residue, smelling of fatty acids, were 
obtained, which gradually solidified, and, after spreading on porous 
plate (P), yielded 2°5 grams of solid. Believing this to be as-dimethyl- 
succinic acid (compare Trans., 1902, 81, 836), it was heated with acetyl 
chloride for two hours, the solvent evaporated, during which process 
01 gram of crystals separated, melting at 180—185°, and crystallising 
from water in the characteristic slabs of crystals of dimethylmalonic 
acid melting at 190° with evolution of gas and the unmistakable odour 
of isobutyric acid. 

The liquid residue from the crystals was distilled, when at 45 mm. 
all but a small amount passed over below 140°. This was proved to 
consist of the anhydride of as-dimethylsuccinic acid, by boiling with 
water and saturating the solution with hydrogen chloride. Needle- 
shaped crystals separated, melting at 140—141°, nor was this melting 
point altered on admixture with pure as-dimethylsuccinic acid. 

x x 2 
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The residue of the above distillation (0°5 gram) solidified, and, after 
crystallisation from water, melted at 189—190° with evolution of gas, 
and consisted therefore of dimethylmalonic acid. 

On extracting the porous plate (7) with ether, 2°5 grams of an oil 
were obtained which showed no signs of solidification on standing, 
It was therefore further oxidised with potassium permanganate by 
heating on the water-bath, when 1 gram of as-dimethylsuccinic acid 
was isolated from the product. 

Dimethyldihydrobenzene (C and 8) was prepared and once more 
oxidised under exactly the above conditions, without, however, the 
isolation of a trace of dimethylmalonic acid; 6 grams of the hydro- 
carbon gave 1‘5 grams of dimethylsuccinic acid after oxidation in the 
cold, and a further 0°8 gram after the second oxidation. 


ResEARCH LABORATORY, PHARMACEUTICAL SOCIETY, 
17, BLoomsspury Square, W.C. 


LIX.—The Affinity Constants of Bases as Determined 
by the Aid of Methyl-orange. 


By Victor Herpert VELEY. 


Durine the past thirty years, various methods have been adopted for 
the purpose of assigning definite values for the affinity constants of 
nitrogenous bases. Such methods have consisted in determining 
(i) the heats of neutralisation with hydrochloric acid (Berthelot, 
Thomsen, Luginin, and others), (ii) the electric conductivity factors of 
the hydrochlorides with or without excess of either acid or base * 
(Walker, Bredig, Winkelblech and Lunden, and others), (iii) the 
catalysis of methyl acetate by the hydrochloric acid liberated by 
hydrolysis (Walker and others), (iv) the inversion of sucrose similarly 
(Walker), (v) a coefficient of extraction method (Wood and others), 
(vi) a coefficient of extinction method (Lellmann, associated with 
others), as also various methods of less importance and accuracy. A 
few words regarding such methods will suffice for the purpose of 
argument. As to (i), I have elsewhere pointed out the importance of 
correlating hydrolysis and thermoneutrality values, and of calculating 
out the latter in terms of the former by the equation proposed by 


* The literature of the subject has been fully collated by Lunden (Zeztsch. physikal. 
- Chem., 1906, 54, 561 e¢ seg.), so it is thought necessary to give references only in 
special cases. 
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Nernst (Zeitsch. LElektrochem., 1906, 12, recommendations of the 
Units Commission of the Deutsche Bunsen Gesellschaft) : 


10 
Olnear.]=RT% Soe i gies eee 


Methods (ii) to (v) will be frequently alluded to in the sequel. 

As to method (vi), which was based on the subdivision of hydro- 
chloric acid between dimethylaminoazobenzene and the several bases, 
applying Guldberg and Waage’s equilibrium formula, it was pointed out 
(Arrhenius, Zeitsch. physikal. Chem., 1892, 10, 671) that the chemical 
system was by no means so simple as Lellmann represented, as apart 
from the hydrochlorides themselves, there were also present the free 
bases and free hydrochloric acid (or ions thereof) liberated by the 
process of hydrolysis. Further, the values given by Lellmann are 
completely at variance with those obtained by other observers and 
myself. It might almost appear superfluous with the great array of 
methods to put forward another, possibly less accurate than others 
previously adopted, and it is therefore incumbent upon the author 
to point out any advantages which it might possess. These seem to be 
as follows : (i) no expensive apparatus is required ; (ii) several series of 
determinations can be made in a few minutes with the consumption of 
a very smallamount of material, generally 0°3 to 0°8 gram; (iii) hydrolysis 
values can be obtained at dilutions far greater than by the electric con- 
ductivity method, which is not very trustworthy for dilutions greater 
than V=1x10* (V=litres/gram-equivalents) or thereabouts, even 
with specially wound bobbins, the introduction of condensers in the 
arms of the bridge, and very special precautions as to purity of water, 
and far greater than by chemical methods, which in concentrated 
solutions V= 30 or thereabouts require an inordinate length of time ; 
(iv) hydrolysis values of the hydrochlorides of bases, the basic constant 
of which is greater than K,=1x10~°, can be determined, if not 
accurately at least within a fair approximation. 

In my previous communication (Trans., 1907, 91, 154), it was shown 
that, if successive quantities of 0-1 ¢.c. of hydrochloric acid solutions, 
V=200 to V=400, are added toa dilute solution of methyl-orange, 
V=4x104,.the change in tint can be measured within limits (and 
certain values obtained) by a variable column of the same methyl- 
orange solution by means of a tintometer. If solutions of hydrochlorides 
of bases are substituted for hydrochloric acid and the process repeated 
similarly, other series of values are obtained, and the ratio of the latter 
to the former is a measure of the hydrochloric acid liberated by hydro- 
lysis, and so of the hydrolysis value itself, as we have 


C(sat)/Cuacy + Corasey= Constant . . . . oo a 
It will be admitted that this method is open to the criticism that the 
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introduction of the methyl-orange as a fourth substance may tend to upset 
the equilibrium of the system HClaiss) + base(aiss) — saltiaiss in that 
the liberated hydrochloric acid may combine with the azo-grouping of 
the methyl-orange, and that the final system containing the reddened 
methyl-orange (whatever its nature, or constitutions of its ions) is not 
identical with the initial system. But, on the one hand, such a 
criticism, although not previously advanced, applies equally to the 
catalysis of methyl acetate and inversion of sucrose methods, in both of 
which the final differs from the initial system, and, on the other, 
as will be shown in the sequel, the methyl-orange method gives results 
identical within the limits of experimental errors with the electric 
conductivity method against which no such objection can be raised. 


EXPERIMENTAL. 


As regards the tintometer, several minor improvements have been 
introduced with the view of cutting off extraneous light, whether direct 
or reflected. Some years’ experience have shown that if daylight is 
used as the illuminant, the best conditions for working are at 
a window facing north, and on days of neither too brilliant sunshine, 
nor too cloudy ; the worst condition, other than the impossible one of 
fog, is a combination of the two, namely a bright sun with heavy rain- 
clouds in another part of the sky. 

There is, of course, always the subjective difficulty of the state of 
health, and other persons repeating the experiments might obtain 
more or less accurate results according to the appreciation of tints 
between red and yellow which may be considered to be within the 
spectrum limits of the lines Ha and D; and other persons would 
probably also obtain different values, but the same ratios, the latter 
being the really significant figures (compare Sidgwick and Moore, 
Zeitsch. physikal. Chem., 1907, 58, 389). 


Effect of Impurities. 


Effect of Impurities in Water.—The presence of carbon dioxide 
produced a slight alteration in colour in the diluted methyl-orange, 
and it was also noticed that such solution became slightly more 
orange when kept in loosely stoppered flasks, or when poured 
backwards and forwards to the tintometer cylinders, from absorption 
of carbon dioxide from the air.* But as the same solution was 
placed in both the cylinders, the presence of such carbon dioxide 
derived from the water or absorbed from the air was proved to be 


* The coloration of methyl-orange by carbonic acid was first observed by Kuster 
(Zeitsch. anorg. Chem., 1897, 13, 136). 
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immaterial. The presence of free ammonia in water distilled from a 
town supply, even if it occurred, would only involve a correction less 
than the experimental error; the presence of albuminoses (so-called 
albuminoid ammonia) and the difficulty of removing the last traces of 
them has been alluded to in previous communications. Finally, the 
presence of greasy matters,* of whatever nature and however derived, 
produced an effect on the observations which can best be described 
as inhibitory or poisonous, It was found that water distilled from a 
town supply to which were added 10 c.c. of a concentrated solution of 
potassium permanganate and 20 c.c. of 1/20 sulphuric acid was of a 
sufficient degree of purity for the purpose of this investigation. 

Effect of Glass—The same measuring vessels, flasks and pipettes, 
were always used for the same purpose, but the glass of the tinto- 
meter cylinder was affected by the kind of solution used. Thus, if 
experiments were conducted with a solution but slightly hydrolysed 
following upon another solution hydrolysed to a considerable 
degree, too high results were at first obtained and vice versa, a 
result in accordance with former experience in density determina- 
tions. The commonly suggested remedy of cleansing with hydro- 
chloric acid and then steaming out is clear y inadmissible in this 
case, and the better alternatives were adopted of either having the 
tubes filled with the methyl-orange solution between each set of 
experiments or, preferably, of working with similar solutions in 
succession and rejecting the first or even second set of observations 
whenever a change becomes necessary, 

It was shown in my previous paper that if V is the concentration of 
the hydrochloric solution when added to the methyl-orange solution at 
the time of the first observation, namely, Vigq) x 10x20, and X the 
number of units of 0-1 c.c. added (V/X being the consequent dilution) 
and y the height of the variable tintometer column, then 


+ 
y=kX -—b . ° . . . . . ° . (3), 


wherein & is the important factor correlating y and x. 

It was further pointed out that the factor 6 arises from some 
initial period, caused either by the so-called chemical inertia, or more 
probably by albuminoses retained in the water or impurities on the 


* These have been variously attributed to lubricating agents in stills (Ostwald) or 
to substances extracted from rubber corks or tubing (Manley), but I see no~ reason 
for altering my view that a main cause is the slime of certain bacteria, the con- 
stituents of which may volatilise with the steam, although the bacteria themselves 
may have long disappeared. 

+ It is unfortunate that the symbol x, applied to the abscisse of the Cartesian 
system of co-ordinates, should also have been applied to the portion of a salt 
hydrolysed ; to avoid confusion, the capital letter has been adopted for the former. 
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surface of the glass. Subsequent experience showed that the greater 
the care taken to eliminate such impurities the less such an initial 
period and the more } becomes a vanishing quantity. Hence the one 
or two irregular observations obtained at the outset have been 
neglected as inconsequent, and the starting point of the reaction or, 
geometrically, the origin of co-ordinates is taken to be that at which 
the reaction confirms to the equation : 


a!) a eee er 
If the hydrochloride of a base be substituted for the acid itself, then 
SeGS = «4 6 ot OE ee ee 
Dividing equation (4) by (3) as X is identical, we have 
y'/y=k'/k=UHydrolysis ,. . . . .~ (5), 


or, in other words, successive increments of chemical change are 
measured in terms of successive increments of lengths, which would be 
an ideal state of affairs if the human eye were an optical instrument 
of precision and daylight a perfect illuminant. 

The experiments with the hydrochloric acid solutions V=8 x 10+, 
6 x 104, and 4x 10* have been repeated several times under various 
conditions ; the values of & obtained for the two former have been 
multiplied up in terms of the last ; the mean value of all calculated 
out by the method of least squares, using Bessel’s function, works out 
at k= 3°2+0°13, and on reduction the values are as under: 


Ts wiekiihdes 8x 104 6 x 104 4x104 
_ ae 1°6 2°4 3°2 


These are used in the sequel as standard factors. 

But in the case of bases the hydrochlorides of which are butlittle hydro- 
lysed, solutions of greater concentration as regards the hydrochloric 
acid, free or combined, were required in order to obtain determinations ; 
in such cases, the above factors were multiplied up proportional to such 
concentration. It is, of course, true that hydrolysis values and basic 
constants thus obtained are only indirectly deduced, and not directly 
determined ; an objection may also be raised that the ion-concentra- 
tions of the methyl-orange and of the salt are unequal. Such an 
objection is valid, but if this necesssary condition were fulfilled no 
determinations would be possible as the intensity of colour of the 
methyl-orange would be too great to observe slight variations of 
tint. 

But, however this may be, it will be shown in the sequel that such 
values are in accordance with those obtained by the conductivity 
method, so that such approximations may be regarded as fairly 
satisfactory. But, in such cases, it was found that only a few observa- 
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tions were possible, since some condition of equilibrium setting in, 
further additions of the solutions of the hydrochlorides produced no 
further alteration of tint. 


The Salis and Solutions Used. 


Most of the salts were purchased from reliable firms, and, if 
necessary, were purified by one or more recrystallisations, generally 
from water ; other samples, of a great degree of purity, were presented 
by numerous friends, to whom collectively I have here to tender my 
thanks, but they will be alluded to individually in the course of the 
text. I have also to express my obligations to the Research Fund 
Committee of the Chemical Society for a grant towards the purchase 
of the more expensive materials. 

Solutions were made up so as to contain, unless otherwise stated, 
the molecular weight of hydrochloric acid, or 1 gram hydrogen ion, in 
V=20 (¥/20 solutions) ; these were allowed to stand for a few hours, 
and then diluted to V=200, &c. Such diluted solutions were allowed 
to stand overnight (eighteen hours or thereabouts), as experience 
showed that in many cases this time was required before the final 
equilibrium of the system water-salt-acid-base was reached. 

The observations and calculations for one set of experiments only 
are set out as explanatory of the above text, the case of o-toluidine 
hydrochloride being selected. The number of successive portions X of 
0'1 c.e. of the hydrochloride are given in column I; in II, the actual 
tintometer scale-readings incm. ; in III, the values of y’ thus observed ; 
in IV, the calculated values of y', K=0°65, and in V the values of y, 
corrected, of hydrochloric acid of same original concentration as to 
hydrogen ions : 


o-Toluidine Hydrochloride, V=8 x 104. Temperature = 12°. 


I, II. III. IV. ¥, 
1 8°7 07 0°65 1°6 
2 9°2 1°2 1°3 3°2 
3 9°9 1°9 1°95 4°8 
4 10°6 2°6 2°6 6°4 
5 11°2 3°2 3°25 80 
6 11°8 3°8 3°9 9°6 
7 12°6 4°6 4°55 11°2 
8 13°2 5°2 5°2 12°8 


If any number in column IV is divided by the corresponding 
number in the same horizontal line in column V, that is, y/y’ or k/k’= 
0-406, or, in other words, at the dilution given above, 40°6 per cent. of 
the o-toluidine hydrochloride is hydrolysed into the free base and 
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hydrochloric acid. The graphs for the salt and acid are given in the 
figure. 

In the sequel, only the numbers corresponding with column III will 
be given, namely, the values of y’ and also k’, the numbers of columns 
I, II, and V being taken to be understood, whilst those of IV can be 
readily calculated without repetition of figures, often identical. 
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Ordinates represent the heights in centimetres of the variable 
methyl-orange column, abscisse unit volumes added. 
I. Hydrochloric acid. II. 0-Toluidine hydrochloride. 


Determination of Affinity Constants. 


From the hydrolysis values, the affinity constants of the bases can 
be calculated by Arrhenius’ formula 


he _ (=a) 


~ - OMe ON ae 


in which f, is the affinity constant of the base, k,» the product of 
concentration of ions of water, V dilution in litres/gram-equivalents, 


» = 
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x the proportion per equivalent of salt hydrolysed, and 1—a# the 
proportion not so hydrolysed. The values of ky» within the range 
of temperature used are taken from the tables of Kohlrausch and 
Heydweiler (Ann. Phys. Chem., 1894, [iii], 53, 214) : 
Temp.  ..-.eecevaee 10° 15° 25° 

0°31 10-4 0-49 10-4 iti 16-* 
those for intermediate temperatures being taken out by graphical 
interpolation, which is probably sufficiently accurate for the present 
purpose. Thus, to take the example of o-toluidine hydrochloride 
given above, since the same value, 0°406, was obtained with a solution 
V=1x 104 as with V=8 x 104, a point which will be considered later, 
we have, taking ky at 12°, the temperature of observation =0°37 10-1'; 


ky _  (L-0°406)1 x 104 
03710-4 (0-406)? 
The values of k, calculated from Bredig’s determinations (electric 
conductivity method, Zeitsch. physikal. Chem., 1894, 13,322), =3°2 10-10 
at 25°, and from Walker’s determinations (inversion of sucrose method, 
Trans., 1895, 6'7, 576), =10°9 10- at 60°, are of a similar order; 
the values for a mean straight line being (1'1, 3°6, and 10°7)10-% 
respectively. 


ky = 1:34107% at 12°. 


Bases not containing an Alkyl Grouping. 


Hydroxylamine Hydrochloride.—Solutions of two concentrations 
were examined, in both cases all reaction soon coming to an end ; the 
results were as follows (temperature 15°) : 


V=2x 104. V=1x 104. 
0°5 1°2 
0'9 2°4 
0°9 3°3 


Values of &=0°5 and 1°15, corrected 0°53 and 1:07; hydro- 
lysis value=8°l per cent. k=65 10°9 at 15, V=1x 104, 
Winkelblech (Zettsch. physikal. Chem., 1901, 36, 574) found a hydro- 
lysis value 2°5 per cent. at V=1024, temperature= 25°, which gives 
ky =7'35 10-%. These numbers are fairly concordant, especially as 
Winkelblech admitted that hydroxylamine was too strong a base to 
give satisfactory hydrolysis values by the electric conductivity 
method. 

Hydrazine Hydrochloride.—Three series of experiments were con- 
ducted with concentrations V=4 x 10‘ and 8 x 10*; inthe vo of them 
(series I and II), the original V=20 solution was diluted directly to 
V=2and 4 10; in the third (series III), the original solution was 
heated for three hours at a temperature of 60° in a thermostat and 
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then diluted to V=2x10?. The following results were obtained 
(temperature 15°) : 


Series I. Series II. Series III. Series I. Series 11. Series III. 
V=8x 104. V=4x10* = V=4x104 V=8x 104. V=4x10% V=4x104, 
0°6 1°2 1°6 2°9 6°1 8°3 
ee 2°5 3°3 3°5 7°4 10°1 
1°8 3°6 50 41 7°4 10°1 
2°4 4°8 6°5 4°7 7°4 10°1 


Values of £=0°6, 1°2, and 1°67; hydrolysis value for I and II= 
37°5, for I1I, 51°5. 


As regards the above determinations, two points require comment : 
firstly, the hydrolysis is not completed when the original solution is 
kept at the ordinary temperature, and secondly, the differences 7’ - y, 
although approximately constant and conforming to the straight line 
formula, yet show a slight tendency to increase with the number of 
observations. A similar phenomenon in the case of dicarboxylic acids 
has been noticed in the methyl-orange method (Zettsch. physikal. Chem., 
1906, 5'7, 159), as also by Ostwald in the conductivity method (ibid., 
1889, 3, 380). The cause of the phenomenon, whether in the case 
of diacidic bases or dibasic acids, is probably the same. Bredig (ibid., 
1894 13, 314) showed that in concentrations varying from V=32 to 
V=1024 hydrazine hydrochloride is hydrolysed very approximately 
into the mono-hydrochloride and hydrochloric acid, thus : 

CIH,N-NH,Cl + H*OH = CIH,N-:NH,-OH + HCl, 
that is, the hydrolysis value=50 per cent. 

My experiments with the heated solution with V=4x104, a 
dilution forty times greater, gave the value=51°5 per cent. It there- 
fore appears that in the case of hydrazine hydrochloride, and as will be 
shown on other diacidic bases, Arrhenius’ dilution law is not 
applicable ; no value of i, can therefore be deduced. Hydrazine is 
further remarkable in that the introduction of an amino-group 
{attached to a nitrogen atom) in ammonia decveases the basic value, 
whereas in all other cases the amino-group thus introduced increases 
the basic value. Bredig (/oc. cit.) suggests that this result is correlated 
with the contiguity of the amino-groups. 

Guanidine Hydrochloride.—Observations were made with two 
different concentrations with the following results : 


V=2x 104 V=4x 10°, V=2x104 V=4x 10° 
0-2 12 0-9 5°9 
0°5 2°5 0'9 7°3 
09 3°6 0'9 8°6 
0'9 4°7 


Values of &=0'25 and 1:2, corrected 0°245 and 1:25; hydrolysis 
value = 3°7 per cent., value of k,=1:1 1078, at V=4 x 10°, temperature 


— 


i 


- 
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15°; no value of guanidine has as yet been given, owing to irregu- 
larities of results. 

Aminoguanidine Hydrochloride.—No hydrolysis could be detected, 
which serves as a good illustration of the increase of a basic constant 
by the effect produced by the substitution of hydrogen in guanidine 
by an amino-group attached to a nitrogen atom. 

Carbamide Hydrochloride.—The hydrolysis value and basic constant 
of carbamide has been so frequently determined that it was not 
thought necessary to add to the determinations. 

Semicarbazide Hydrochloride.—The salt (presented by Mr. N. V. 
Sidgwick) was purified by recrystallisation. Solutions of the concentra- 
tions were examined, but all reaction soon came to an end. The 
following results were obtained (temperature 15°) : 


V=4x104 V=2x 104, V=4x104, V=2x 104. 
0°35 0°6 1°4 2°0 
0°7 1°4 iq 2°0 
1°0 2°0 


Values of £=0°35 and 0:7 ; hydrolysis value=11 per cent. ; value 
of ky at V=2 x 10*=9°1 10~®. Wood (Trans., 1903, 83, 571), by the 
methyl acetate catalysis method, found a hydrolysis value= 10-4 per 
cent., V=10, which gives a basic constant 2:7 1071! at 40°, making 
semicarbazide a much weaker base. But whichever of the discrepant 
results may be correct, the effect of the substitution of hydrogen in 
carbamide by an amino-group attached to a nitrogen atom is similar 
to that observed in the above cases of guanidine and amino- 
guanidine. 


Aliphatic Amines. 


The hydrochlorides of methylamine, ethylamine, triethylamine 
(samples of which were kindly presented by Mr. N. V. Sidgwick), 
isopropylamine, and trimethylamine were examined by this method, 
but only traces of hydrolysis could be detected in the last case. This 
result is in accordance with Bredig’s determinations by the electric 
conductivity method, the value of the basic constant for the last- 
named base, namely, k,=7:4 10-%, being lower than those of the 
others. 

Ethylenediamine Hydrochioride.—Only one solution was examined, 
namely, the original V=20, giving on addition to the methyl-orange 
V=4x 10°; all reaction soon came to an end. The results were as 


follows : 
V=4x10% Temp, 16°. 


0-2 0°8 
eS 1°0 
0, - 1:0 


Value of k=0°2; assuming that of hydrochloric acid of the same 
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dilution to be 32, the hydrolysis value=0°6 per cent., and the value 
of ky=5°9 1077. 

Bredig (Joc. cit.) remarked that this salt shows no appreciable acid 
reaction with methyl-orange, without giving details of the strength of 
the solutions, and that this salt is hydrolysed by water quite inap- 
preciably, an observation in accordance with the above results, 
which are only put forward as an approximation. 

B-Methylhydroxylamine Hydrochloride——This salt gave a hydrolysis 
value of 3 per cent. with V=4 x 10°, but, as it was found possible to 
obtain only a few results, no conclusions are drawn therefrom. 


Aminocarboxylic Acids. 


In my former paper, certain values of & were given for glycine and 
betaine hydrochlorides which were only compared with those of hydro- 
chloric acid ; these values, corrected and recalculated as explained in 
the introduction, give for the hydrolysis numbers, glycine hydrochloride 
= 86-0 per cent., and betaine hydrochloride=94°7 per cent. Sub- 
sequently, results have been obtained for the hydrochlorides of glycine 
ethyl ester, sarcosine, and leucine. 

Glycine Ethyl Ester Hydrochloride.—Two sets of determinations were 
made with relatively concentrated solutions, as the hydrolysis was 
very slight ; the results are given as under (temperature 18°): 


V=2x 10°. V=1x 103, V=2x 103. V=1x10*. 
0°3 0°6 1°8 3°0 
11 1°7 1°8 74 
1°5 2°3 


Values of £=0°35 and 0°6, corrected 0°32 and 0°65 ; assuming the 
values of hydrochloric acid at these concentrations to be 32 and 64 
respectively, the hydrolysis number=1 per cent. Value of ky (V= 
2x 108)=9°7 10-8. Johnson (Proc. Roy. Soc., 1906, 78, A, 96) was 
unable to obtain a value of the basic constant of the above substance 
by the methyl acetate catalysis method, as the reaction proceeded too 
slowly. Walker (idid., 148) remarks thereon that esterification greatly 
increases the value of the basic constant, probably by breaking up the 
ring-formation. 

The following numbers, although not strictly comparable owing to 
differences of temperature, may be of interest as illustrating the above 


point : 
Glycine. Glycine methy] ester. Glycine ethyl ester. 
key = 2°66 10-7 at 25° 220 10-?2 at 40° 97000 10-!? at 15° 


— 


.Sarcosine Hydrochloride.—T wo concentrations were worked with, 
giving the following results (temperature 12°) : 


<< 
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V=8 x 104. V=4x 104. V=8 x 104, V=4x 104, 
2 2°9 81 14°6 
2°5 5°9 9°5 14°6 
3°8 8°8 10°9 14°6 
5°2 11°7 12°3 14°6 
6°7 14°6 


Values of k=1°35 and 2°9, corrected 1°4 and 2°8 ; hydrolysis value 
= 87°5 per cent. 


Leucine Hydrochloride.—Conditions as in the case of the above 


V=8 x 104, V=4x 104, | V=8x 104. V=4x 104, 
1°3 2°8 | 6°8 13°7 
2°6 5°8 | 8°1 13°7 
4° 8-4 9°3 13°7 
5°4 11°0 ! 10°7 13°7 


Values of k=1°35 and 2°75, corrected 1°36 and 2°73 ; hydrolysis 
value = 84°3 per cent. 


Winkelblech (loc. cit.) either directly determined or calculated out 
the hydrolysis values of these hydrochlorides of aminoacetic acids 
from the results of Bredig (loc. cit.) and Carrara and Rossi (Atti R. 
Accad. Linceit, 1897, 6, 219). His results and those given above 
compare as follows: 


Winkelblech. Veley. 
V=1024. Temp. 25°. V=4x10! to 8x10 Temp. 12° or 15°. 
Glycine ......... 86°0 per cent. 83°6 per cent. 
Sarcosine .. .. 87°5 és 88°6 ws 
Betaine.... ... 94°6 me 94°7 ‘i 
Leucine......... 85°3 is 84°3 a 


The agreement of results obtained by two totally different methods 
at different concentrations appears very satisfactory; the greatest 
variation, about 3 per cent., occurs in the case of glycine, but, 
adopting Winkelblech’s constants, a hydrolysis value of 86 per cent. 
could have been obtained at V=1316, whereas the greatest dilution 
examined by him was V= 1024. 

Since from the above results nearly identical hydrolysis values have 
been obtained by Winkelblech at V = 1024, say, V=1 x 10°, and by myself 
at V=4 x 10 and 8 x 10+, or forty and eighty times the dilution, then 
one might conclude that in the Arrhenius equation, kp/ky»=(1—x)V/x?, 
the right-hand side of the equation cannot be summed to infinity 
(condition 1-2=0,V=,, ), but that there is a limiting value of V at 
which the equation Hydrochloride + Water Base + Acid (or ions 
thereof) becomes reversible. 

Drucker (Zeitsch. Hlektrochem., 1907, 13, 81) has recently put 
forward the view that the ultimate limit of ionic dissociation is 
reached completely in the case of salts containing univalent ions, and 
nearly completely in those containing bivalent ions, at a dilution 
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V=1x 104, hydrolysis, inter alia, causing error. But this view has 
been criticised by Kohlrausch (tbid., 336), who, whilst admitting that 
the electric conductivity method is not trustworthy beyond this 
dilution, yet shows by extrapolated curves that the ionic dissociation 
at such dilution falls short by 1 to 8 per cent. of its final value. My 
observations by the methyl-orange method, of which only a few are 
given in the present communication, are in accordance with Drucker’s 
view, since in by far the larger number of cases a limiting value is 
reached at the dilution V=1 x 104, or at most, 2x10* But a con- 
clusion could only be regarded as final if the methyl-orange or traces 
of impurities in either the water or the salts were not possible 
disturbing factors. The present state of affairs cannot be better 
summed up than in the following passage, “ the last words regarding 
dilute acids or bases cannot be spoken until one has succeeded ip 
examining their solutions in pure water” (Kohlrausch, Joc. cit., 646). 


Uric Acid Derivatives. 


For the sake of convenience, these substances are considered here as 
ureides and closed-chain compounds analogous to betaine. 

Caffeine Hydrochloride.—The sample of this salt, purchased from 
Merck, was in the form of large crystals, and the very slight 
efflorescence of caffeine on their surface was removed before dilution. 
The course of events on adding water can readily be followed; firstly, 
the water removes the hydrochloric acid, and secondly, the separated 
caffeine slowly dissolves, probably as hydroxide. 

As it was stated some years ago by Schmidt (Annalen, 1883, 217, 
284) that this salt is completely decomposed both by water and 
alcohol into the free base and hydrochloric acid, solutions in both these 
media were examined. 

The results obtained with aqueous solutions, temperature 15°, were 
as follows: 


V=8 x 104. V=4x 104 V=8 x 104. V=4x 10. 
1°6 2-9 | 6°3 12°5 
3°1 6-0 79 15°7 
4°7 9°0 | 9°5 15°7 


Values of k= 1°55 and 3:1 ; hydrolysis value =97-2 per cent. Wood 
(Trans., 1903, 83, 571) found a hydrolysis value =89°7 per cent. at 
V=10, temperature = 40°, which gives k, = 4:1 10-4 ; substituting these 
last numbers in the Arrhenius equation, the value of V, correspond- 
ing with hydrolysis 97°2, is 28°5 at 40°, and probably about 188 at 15° 
(Kurs ? Kg =1:6°6). This may therefore be regarded as the limiting 
value of V. 

Alcoholic Solution.—The salt was dissolved in alcohol (99°5 per cent. 
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per volume), which had been specially purified for another purpose 
from traces of impurities other than water, so as to obtain a N/20 
solution as customary; this process was very tedious, and required 
several hours and a gentle heat for completion. The solution thus 
obtained was diluted with the same alcohol so as to give a V/200 
solution, which was used for the purpose of observations : 
V=4x104. V=4x 104, 
0 11°6 16°4 
3 14°0 18°7 


m& bo 


4 7 
8 9 
Hydrolysis value = 73:4 per cent. 

It is, of course, true that hydrolysis might have resulted, and probably 
did result, from the water of the methyl-orange solution, but to meet the 
argument that the alcohol inhibited the full reaction of the indicator, 
experiments were repeated with betaine hydrochloride under precisely 
similar conditions ; the values so obtained were identical within the 
limits of experimental error with those with the aqueous solution. 
The above iresults, although not conclusive, yet appear sufficient to 
show that caffeine hydrochloride is not completely decomposed by 
alcohol into the free base and acid as stated by Schmidt. 

Theobromine Hydrochloride.—Owing to the sparing soiubility of the 
base, the method of procedure was altered; the salt was dissolved 
directly to give a N/400 solution ; even under these conditions the 
separated theobromine dissolved very slowly, and it was found 
necessary to warm the solution. One series of experiments was con- 
ducted with the following results : 

V=8x 104. V=8 x 104, 
3 3-9 36 
6 5°2 7 


ID 


1 8°9 
2 10°4 
Value of k=1°3 ; hydrolysis value = 81:2 per cent. 

Wood (loc. cit.) gave an approximate value 73 per cent. in an 
N/10 solution, this number being arrived at by the indirect solubility 
method ; the value of & deduced is 1°65 10~'% at 40°, and, making the 
substitutions as explained in the case of caffeine, the value of V for a 
hydrolysis 81:2 per cent.-is 28, and at 15° about 185. 

The general agreement of my results with those of Wood for 
caffeine and theobromine is very satisfactory, although here again they 
point to a limiting value of V in the Arrhenius equation. 


Summary. 


(I) The method of determining the hydrolysis values of the hydro- 
chlorides of nitrogen-containing bases, and hence the affinity constants 
of the latter, by means of the methyl-orange method is described in 
detail. 
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(If) The relative adyantages of the method, possibly not so accurate 
as other methods previously proposed, are discussed, and certain 
obvious criticisms are considered. 

(III) Results are given for the hydrochlorides of (i) bases not con- 
taining an alkyl grouping, (ii) aliphatic amines, (iii) aminoacetie acids, 
and (iv) uric acid derivatives. 

As regards hydrazine in (i) and in all cases of (iii), it is shown that 
the resu'ts obtained by the methyl-orange method are concordant with 
those obtained by the electric conductivity method, although the dilutions 
used were forty to eighty times greater. The conclusion, although not 
considered final, drawn therefrom is to the effect that the hydrolysis 
reaction becomes reversible when a certain dilution is attained. 

As regards cases of (iv), the general agreement of the results obtained 
by the methyl-orange method with those of the solubility method is 
considered, although the increase of hydrolysis relative to dilution is less 
than that required by the Arrhenius formula. 

In a subsequent communication, it is proposed to give an account of 
results obtained by the methyl-orange method for the hydrochlorides 
of bases derived from cyclic compounds. 


LX.—Traces of a New Tin-group Element 
in Thorianite. 
By CiarE DE BreEReETON EvANs. 


In the course of an examination of the iron residues separated from 
5 ewt. of the cubical Ceylon mineral belonging to Sir William 
Ramsay (compare O. Hahn, Proc. Roy. Soc., 1905, 76, A, 115; 
Dunstan and Blake, ibid , 760), it was found that about 1 per cent. of 
the material was formed of sulphides of the silver, copper, and tin- 
group elements which had escaped precipitation in the proper place. 

A preliminary examination showed this sulphide precipitate to be 
mainly due to lead, of which thorianite contains nearly 3 per cent. 
us oxide (Dunstan and Jones, ibid., 77, A, 546, and others); the 
rest, about 10 per cent. of the sulphides as it proved, was a mixture 
of sulphides of the copper and tin metals which are found only as 
traces in the mineral itself (Biichner, ibid., 78, A, 358). 

During the separation of these sulphides into groups in the ordinary 
course of analysis colorations were observed which could not be 
accounted for and, since further inquiry led to the conclusion that 
these colorations were due to some substance associated with the tin 
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metals, an examination of the thorianite residues containing this 
group was determined on. 

The material used in the investigation amounted altogether to 
about 2°5 kilos. of mixed sulphides ; 1 kilo. of this was laboriously 
collected from 80 kilos. of the iron residues as already indicated (this 
was particularly rich in tin-group sulphides), and the rest was part of 
the lead residues of the 5 ewt. of thorianite. Rather more than 
6 per cent. of the whole proved to be sulphides of the tin group; 
this was separated with sodium hydroxide by fusion in a nickel 
crucible. A portion of the 150 grams so obtained was analysed, but, 
although only arsenic, antimony, tin (stannic), and selenium were 
detected, it was evident from the colour of the filtrates that some 
soluble brown sulphide (?) was also presegt, and search was made for a 
method of separation. 

Eventually this brown sulphide was isolated with arsenious sulphide, 
which it resembles in being insoluble in hydrochloric acid and readily 
soluble in ammonium carbonate solution ; to the latter it gives a char- 
acteristic deep brown colour. Like arsenious sulphide it dissolves in 
nitric acid but the concentrated syrupy liquid has a strong golden- 
brown colour, and leaves on evaporation at 120° a brown, hygroscopic 
oxide; this is reduced by hydrogen at 250—300° to a black oxide 
and then at a higher temperature to a dark grey, non-volatile metal 
which melts at a bright red heat. 

The brown sulphide is attacked only with difficulty by a mixture of 
hydrochloric acid and potassium chlorate; after this treatment the 
greater part remains mixed with sulphur, from which it is easily 
removed by a solution of ammonium carbonate. 

After many months of work only about 0:05 gram of the brown oxide 
has been collected from about one-third of the mixed sulphides and 
this is not free from arsenic. This corresponds with about 1 part in 
1‘5 million (less than 1 gram to the ton) of thorianite or 0°005 per 
cent. of the tin-group sulphides, an amount which would very likely 
have escaped notice altogether had it not been that the sulphide 
dissolves in water, which is coloured brown by a very small quantity. 
This solubility in water greatly increases the difficulty of separation, 
for the solid is not easily recovered from what appears to be a true and 
not a colloidal solution ; it accounts also for the fact that hydrogen 
sulphide and acid only partly re-precipitate the su]phide from solutions 
containing ammonium carbonate. 

The determination of the equivalent of the metal has been attempted 
in two ways : by electrolysis, using Faraday’s Law, and by reduction 
of the brown oxide to metal by heating in hydrogen; the latter 
method indicates a considerably higher equivalent than that of 
arsenic. 

VOL. XCIII. | a 
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The electrolysis of a few milligrams of material was carried out 
with the help of Dr. Brill, who weighed the small platinum electrodes 
on his balance of the Nernst type. The same current was used to 
deposit antimony, bismuth, and the unknown element from similar 
solutions of their chlorides containing gelatin, the standard being 
silver deposited from a solution of silver perchlorate. There was not 
more than about 1 per cent. of error in the equivalent found for 
antimony by this method but the deposit of the unknown element 
was unsatisfactory. 

A preliminary spectroscopic examination revealed no new lines, but 
it is hoped to make further experiments in this direction. 

Incidentally a little more knowledge of the composition of 
thorianite has been gained.» It is now possible to state positively 
that it contains arsenic, mercury, bismuth, molybdenum, and selenium ; 
several grams of arsenious sulphide have been isolated, and a drop of 
mercury weighing about 0°5 gram ; bismuth, molybdenum, and selenium 
are present in much smaller amount. The lead residues contain also 
a quantity of silica, but-this may have found its way in from vessels 
employed in the disintegration of the mineral, although the method 
used (fusion with bisulphate) scarcely warrants this assumption. 

Incidentally also a new triple owalate of thorium, uranium, and 
ammonium was prepared in considerable quantity. To obtain this the 
pale green double oxalate formed by adding oxalic acid to a solution 
containing thorium and a uranous salt was dissolved in ammonium 
oxalate solution and the solution was then slowly evaporated ; it forms 
large emerald-green crystals which lose ammonia and water on expo- 
sure to air. The composition of these crystals, determined in conjunc- 
tion with Miss K. A. Burke, appears to be ThU,5(NH,),.(0,0,),).14H,0. 

Lack of material has for the time brought the investigation to 
a close, but steps are being taken to continue the search for the 
supposed new element in other ores of arsenic. 


CHEMISTRY LABORATORY, 
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LXI.—The Triazo-group. Part II. Azoimides of 
Propionic Ester and of Methyl Ethyl Ketone. 


By Martin Onstow Forster and Hans Epvuarp Fierz. 


WirtH the object of investigatin; more closely the effect produced 
on a triazo-group by the immediate neighbourhood of carbonyl, we 
have compared the properties of the a- and f-triazo-derivatives of 
propionic ester, CH,*CHN,°CO,°C,H, and N,*CH,°CH,°CO,°C,H,, 
substances prepared from the corresponding halogen derivatives and 
sodium azide. The comparison has brought out the point foreshadowed 
by previous experiments. a-Triazopropionic ester may be hydrolysed 
by alcoholic potassium hydroxide without losing nitrogen, and the acid 
has been isolated in crystalline form; with considerable excess of 
alkali, decomposition occurs even more readily than in the case of 
triazoacetic acid, and, although we have not isolated pyruvic acid, the 
occurrence of ammonia in the liberated nitrogen indicates that action 
follows the course pursued by the lower homologue and by camphory]l- 
azoimide (Trans., 1905, 8'7, 826) : 
CH,°CHN,°CO,H —> N,+CH,°C(:NH)-CO,H. 
Hydrazoic acid is not eliminated, whereas §-triazopropionic ester loses 
its nitrogen in that form so readily that the amide is not produced 
when the substance is shaken with aqueous ammonia, whilst potassium 
hydroxide, aqueous or alcoholic, gives no trace of nitrogen : 
N,°CH,°CH,°CO,°C,H, —> HN, + CH,:CH:CO,H + C,H,°OH. 
It would have been interesting to compare, from the same stand- 


point, the structurally different triazo-derivatives of methyl ethyl 


ketone, CH,-CO’CHN,°CH, and CH,°CO°CH,°CH,°N,, but the chloro- 
ketone corresponding to the latter is not available, and we have 
chlorinated methyl ethyl ketone many times without obtaining it. 
3-Triazobutanone-2 and 1-triazobutanone-2, however, are described in 
this communication, and both resemble closely the triazo-derivative of 
acetone in respect of their behaviour towards alkali, the percentage of 
nitrogen set free being 4 per cent. less than two-thirds from the 
‘internal ” azoimide, whilst the deficit is 2°5 per cent. in the case of 
the “external” derivative. The remaining nitrogen being eliminated 
in the form of hydrazoic acid and ammonia, it is probable that the 
hydroxy-ketone is produced in association with the mono-imine of the 
diketone, as indicated by the following equations : 

A, I. CH,*CO-CHN,°CH, = CH,°CO-C(:NH)-CH, + N,. 

II, CH,-CO-C(-NH):-CH, + H,O = CH,-CO*CO-CH, + NHg. 
III. CH,*CO-CHN,:CH, + H,O = CH,°CO-CH(OH)-CH, + HN,. 
YYy2 
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B. I. N,OH,*CO°CH,-CH, = N, + NH:CH-CO-CH,CH,. 
II. NH:CH-CO-CH,:CH, + H,O = NH, + 0:CH-CO-CH,-CH,,. 
III. N,-CH,-CO°CH,-CH, + H,0 = HN, + HO-CH,-CO-CH,-CH,, 


The separation of hydrazoic acid, taking place in subordination to the 
removal of nitrogen, has now been observed in the case of five a-triazo- 
ketones, which are thereby distinguished from triazocamphor ; the 
circumstances which encourage this secondary change have been 
already indicated (this vol., page 73), and from the fact that 3-triazo- 
butanone-2 is more soluble in very dilute alkali than in water, and 
is not removed from such a solution by ether, we suggest that the 
operating cause of the change in question is enolisation. This par- 
ticular form of molecular rearrangement would so modify the environ- 
ment of the triazo-group that the possibility of developing the unstable 
ring-system, already indicated, would no longer present itself. Enolic 
forms of triazoacetone and of 1-triazobutanone-2, namely, 
N,°CH:C(OH)-CH, and N,*CH:C(OH):CH,°CH,, 
would be unsaturated triazo-alcohols, whilst the corresponding isomeride 
of 3-triazobutanone-2 would suggest analogy to ethyl triazoformate, 
CH,°C(OH):CN,°CH, and O:CN,-0-C,H,, 

from which the total nitrogen is eliminated in the form of hydrazoic 
acid (this vol., page 81). 

One of the points which the azoimides of these elementary aliphatic 
types have brought into prominence is the great depression in 
osmophoric effect exerted by the triazo-group as compared with the 
result of introducing this complex into the aromatic nucleus. Previous 
workers have noticed that replacement of hydrogen by the triazo- 
group in benzenoid compounds has usually resulted in the development 
of a characteristic odour; Rupe and von Majewski (Ber., 1900, 33, 
3401), among others, showed that the perfume of anise is commonly 
associated with this group, and our own experiments with aromatic 
azoimides (Trans., 1907, 91, 855, 1350, 1942) furnished several 
examples of odour-intensification by the group in question. This 
effect is not merely absent from the aliphatic derivatives, it is actually 
reversed. The faint odour of triazoacetic acid is not comparable with 
that of acetic acid itself, and the next higher homologue, although more 
markedly suggesting rancidity, is far inferior to propionic acid in 
pungency ; the relationship of the esters is parallel, the powerful, 
characteristic fragrance of ethyl acetate being almost entirely sup- 
pressed by introducing the triazo-group, whilst the odour of triazoacetone 
is much more feeble than that of the unsubstituted ketone. Almost 
equally marked is the reversal of the azoimide character in respect of 


_actinism. Aromatic triazo-derivatives are seldom obtainable free from 


colour, and the great majority rapidly darken when exposed to diffused 
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light, but the aliphatic derivatives hitherto examined have been remark- 
ably free from this peculiarity ; specimens of ethyl triazoacetate, ethyl a- 
and f-triazopropionates, triazoacetamide, triazopropionamide, and of the 
free acids, have given no indication of discoloration by light. 

A few days after the appearance of our previous paper (this vol., 
page 72), a description of triazoacetic ester was published by Curtius. 
Darapsky, and .Bockmiihl (Ber., 1908, 41, 344), who, having obtained 
the hydrazide of the acid by the action of hydrazine on diazoacetic ester, 
as also from diazoacetamide and hydrazine hydrate, proceeded to verify 
their diagnosis by the interaction of iodoacetic ester and silver azide ; 
in reply to an inquiry, Geheimrat Professor Curtius has informed us 
that he will not regard the further prosecution of our investigation as 
an encroachment on his own researches, for which courtesy we beg to 
offer him our best thanks. 


EXPERIMENTAL. 
a-Triazopropionic Acid, CH,*CHN,°CO,H. 


Twenty grams of purified a-triazopropionic ester were mixed with 
absolute alcohol and shaken with potassium hydroxide (1 mol.) dis- 
solved in 50 c.c. of water ; the temperature rose, and the ester dissolved 
without liberation of gas or development of colour. After removing 
alcohol on the water-bath, slight excess of dilute sulphuric acid was 
added to the cold solution, and this having been extracted four times 
with ether, the solvent was dried with sodium sulphate and evapor- 
ated. The residual oil was then heated at 50° during a three hours’ 
exposure to a pressure of 2 mm., but no attempt was made to distil 
the acid, since it appeared unsafe to heat any quantity of the material 
above 100°. Immersed in a freezing mixture of ice and salt, the acid 
became viscous, but did not solidify ; nevertheless, on surrounding the 
substance with solid carbon (dioxide, it froze to’a tough, crystalline 
cake, and on raising the temperature very slowly the crystals melted 
at zero : 


0:1744 gave 0:2030 CO, and 0°0723 H,O. C=31:'74; H=4°62. 
01654 ,, 524 c.c. of nitrogen at 20° and 751 mm. N =36-47. 
C,H,0,.N, requires C= 31°31 ; H=4:35 ; N=36:52 per cent. 

a-Triazopropionic acid has a rancid odour, more pronounced than 
that of triazoacetic acid ; when thrown on a hot plate, it detonates 
with a moderate explosion and takes fire. Interaction with concen- 
trated sulphuric acid is most violent, torrents of gas accompanied by 
white smoke being produced, whilst the residual liquid is very dark 
brown ; this behaviour is quite distinct from that of triazoacetic acid, 
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which the higher homologue resembles, however, in yielding nitrogen 
when mixed with stannous chloride in hydrochloric acid. 

The Silver Salt.—On adding silver nitrate to a neutral solution of 
ammonium a-triazopropionate, a white, crystalline precipitate was 
formed, and, being moderately soluble in boiling water, was recrystal- 
lised therefrom, forming minute, lustrous needles : 

0°3593 gave 0°1385 Ag. Ag=48°48. 

0°1276 ,, 216 cc. of nitrogen at 24°and 761 mm. N=19°48. 

C,H,O,N,Ag requires Ag = 48°63 ; N = 18°93 per cent. 
The substance detonates when heated, and is much more sensitive 
towards light than silver triazoacetate. 

Action of Alkali—An aqueous solution of the potassium salt is 
neutral, and may be evaporated without change, but if excess of 
alkali is present, effervescence takes place, and, on increasing the 
preponderance of potassium hydroxide, liberation of nitrogen and 
ammonia becomes torrential, and a deep yellow coloration is developed 
in the liquid, from which crystals subsequently separate. Several 
grams of the acid were therefore heated on the water-bath with excess 
of potassium hydroxide until ammonia was no longer liberated, and 
then acidified with dilute sulphuric acid, which gave no trace of 
hydrazoic acid ; the deep yellow liquid was extracted ten times with 
ether, which, when dried, deposited a solid residue on evaporation. 
After trituration with a small quantity of cold water, the drained 
residue was crystallised from a mixture of ethyl acetate and petroleum, 
yielding indefinite crystals, which evolve gas at 153°, changing to a 
dark brown semi-solid. Analysis points to a condensation product 
of obscure composition, possibly, O,,H,,O,N, but the amount of 
material at our disposal was too small to justify a definite pronounce- 
ment. The substance dissolves in alkalis, and is reprecipitated by 
acids ; a neutral solution of the ammonium salt develops an intense, 
but dirty, violet coloration with ferric chloride, and silver nitrate gives 
a pale yellow, curdy precipitate in the same solution, becoming very 
dark brown in the course of a few seconds. 


Ethyl a-Triazopropionate, CH,-CHN,°CO,°C,H,. 


One hundred grams of ethyl a-bromopropionate, mixed with 50 grams 
of absolute alcohol, were heated under reflux during twenty hours 
with 50 grams of sodium azide dissolved in water. After steam 
distillation, crystallised sodium acetate was dissolved in the condensed 
liquid, from which the heavy ester was removed mechanically in 
almost quantitative yield. The product was shaken twice with water, 


’ dried with calcium chloride, and distilled under 2 mm. pressure, when 


it boiled very steadily to the last few drops at 46°: 


en 


of 
as 
1- 
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0:1881 gave 0°2929 CO, and 01113 H,O. C=4247; H=6°61, 
C,H,O,N, requires C= 41:96 ; H = 6:29 per cent. 

The difficulties experienced in attempting to estimate nitrogen in 
triazoacetic ester were reproduced by the present ethereal salt, and 
the ordinary method of combustion gave two results indicating 4 per 
cent. in excess of the theoretical amount. We are indebted to 
Mr. H. Droop Richmond, however, for estimations of nitrogen by the 
following process, devised by him, and which he is describing else- 
where. A weighed quantity of the ester, with two drops of form- 
aldehyde solution, was washed intoa nitrometer with 0°5 c.c. of alcohol, 
and, 10 c.c. of concentrated sulphuric acid having been introduced, 
the volume of gas was measured. The liquid was washed into a flask 
with 5+3+2 c.c. of concentrated sulphuric acid, 2 grams of zinc dust 
and one drop of mercury were added, and the product boiled until 
colourless ; on addition of alkali and alkali sulphide, followed by dis- 
tillation, the ammonia was collected : 

01400 gave 22°9c.c. of nitrogen at 18° and 752 mm., along with 

00176 of ammonia. N = 18°99 as gas, 10°36 as NH, ; total 29°35. 
C;H,O,N, requires N = 29°37 per cent. 

Incidentally, Mr. Richmond’s experiments have brought to light a 
curious point in connexion with the action of sulphuric acid on the 
triazo-esters. In describing triazoacetic ester, we referred to the 
abnormal action of the concentrated acid, which liberated almost 
exactly one-half the nitrogen, instead of two-thirds ; Mr. Richmond 
finds, however, that the amount set free approximates closely to two- 
thirds if the ester is first mixed with alcohol. 

a-Triazopropionic ester is a colourless, limpid oil, with a perfume more 
pronounced than that of triazoacetic ester, and faintly suggesting 
ethyl acetoacetate ; it is readily volatile in steam, the vapour producing 
a throbbing sensation when inhaled. The specific gravity is 1:065 at 
23° compared with water at the same temperature. On mixing the ° 
substance with concentrated sulphuric acid, gas evolution is immediate 
and vigorous, taking place much more readily than in the case of 
ethyl triazoacetate; with stannous chloride in hydrochloric acid, 
however, action is more sluggish, although ultimately becoming quite 
brisk, When thrown on a hot plate, the ester takes fire without 
detonation. 

a-Triazopropionamide, CH,,CHN,*CO-NH,. 


a-Triazopropionic ester, mixed with alcohol, was shaken with aqueous 
ammonia until the emulsion disappeared, when the residue left by 
evaporation rapidly solidified on cooling; the drained product was 
recrystallised from hot benzene, which dissolves it freely, depositing 
lustrous, transparent, rectangular plates, melting at 79°: 
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0°1661 gave 68°7 c.c. of nitrogen at 19° and 780 mm. N=49-65. 
C,H,ON, requires N = 49°12 per cent. 

When thrown on a hot plate, the amide vaporises without ignition 
or detonation. A solution in concentrated sulphuric acid effervesces 
feebly when stirred, but the substance is attacked immediately by a 
cold 40 per cent. solution of potassium hydroxide, evolution of nitrogen 
and ammonia becoming very vigorous on heating, when the liquid 
develups a yellow colour ; the volume of nitrogen remaining after the 
ammonia is absorbed falls far short of the 24°5 per cent. to be 
expected if the triazo-group underwent the change first noticed in the 
case of camphorylazoimide. 

A hot aqueous solution of a-triazoprepionamide dissolves yellow 
mercuric oxide, and the product yields with hydroxylamine hydro- 
chloride a transient yellow precipitate which quickly becomes colour- 
less. 

Ethyl B-Triazopropionate, N,*CH,*CH,°CO,°C,H,. 

Seventy grams of ethyl 8-iodopropionate, mixed with alcohol, were 
heated with 30 grams of sodium azide in the minimum of water 
during six hours under reflux. The action proceeds slowly, and is 
complicated if the liquid is boiled; moreover, it appears to be 
reversible, and only hy separating the product and heating it twice 
again with sodium azide was the triazopropionate obtained quite free 
from iodine. In this way there were prepared about 15 grams of 
ester boiling at 62° under 5 mm. pressure, but, although a test for 
iodine gave a negative result, the estimation of nitrogen, both by the 
ordinary method and by Richmond’s process, gave low results : 

0°1168 gave 28°85 c.c. of nitrogen at 16° and 751 mm. N=28°83. 

C,H,O,N, requires N = 29°37 per cent. 

B-Triazopropionic ester is colourless and limped, with an odour 


. fainter than that of the a-compound, whilst the specific gravity is 


greater, being 1°087 at 19° compared with water at the same tem- 
perature, and the same relationship is observed in the case of the 
a- and B-chloropropionic esters ; it is readily volatile in steam, when 
the vapour produces the characteristic throbbing sensation if inhaled. 
On a hot plate, the ester takes fire without detonation. 

Action of Alkalii—In marked distinction from ethyl a-triazopro- 
pionate, the f-ester cannot be hydrolysed without removing the 
triazo-group ; an unsuccessful attempt was made to prepare the amide 
by shaking the ester with aqueous ammonia, but even this eliminates 
hydrazoic acid. On heating the ester with alcoholic potassium 
hydroxide, the effervescence which characterises those compounds in 
which the triazo-group occupies the a-position in relation to carbonyl 
is suppressed, and the products are hydrazoic and acrylic acids. 
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3- Triazobutanone-2, CH,*CO-CHN,*CH,. 


The isomeric chloro-derivatives of methyl ethyl ketone required for 
the production of the corresponding azoimides were prepared in the 
manner described by Kling (Compt. rend., 1905, 140, 312), but, on 
finding that the proportion of chlorine could be largely increased 
without perceptible formation of dichloro-derivatives, we used 250 
grams of marble for 500 grams of methyl ethyl ketone; 100 c.c. of 
water were present at the outset, and 400 c.c. were added in quantities 
of 50 c.c. at intervals of one hour, the temperature of chlorination 
being 40—60°, The product having been dried with sodium sulphate, 
unchanged ketone was removed by fractionating under 760 mm. 
pressure with a column of the rod-and-disk pattern, the separation of 
the chloro-ketones being best conducted under reduced pressure. The 
yield of 3-chlorobutanone-2 from the above quantity of methyl ethyl 
ketone reached 220 grams, only 70 grams of 1-chlorobutanone-2 being 
obtained in satisfactory condition after five fractionations ; under 
40 mm. pressure, the substances boiled at 46° aud 63° respectively. 

Sixty grams of 3-chlorobutanone-2 were shaken with an aqueous 
solution of sodium azide containing 40 grams, rendered faintly acid with 
acetic acid ; after twenty-four hours, the heavy oil was extracted with 
ether, dried by sodium sulphate, and distilled under 2 mm. pressure, 
the yield being nearly quantitative. The product was again shaken 
with the desiccating agent and redistilled, boiling at 46° under 2 mm. 
pressure, and having specific gravity 1°057 compared with water 
at 18°: 

* 0925 gave 28°4 c.c. of nitrogen at 13° and 771 mm. N=37'17. 

C,H,ON, requires N = 37°17 per cent. 


The triazobutanone is a colourless, refractive liquid, with a sour, 
vinous odour, much less irritating than that of the chloro-compound ; 
it mixes with organic media, is moderately soluble in water, and is 
readily volatile in steam. The freshly-prepared substance is more 
stable than triazoacetone, and may be kept in darkness during two 
weeks without undergoing change of appearance ; ultimately, however, 
it becomes yellow, this alteration being accelerated by exposure to 
light. When dropped on a hot plate, it vaporises without ignition or 
detonation. Concentrated sulphuric acid decomposes the azoimide 
immediately, as in the case of triazoacetone, vigorous effervescence 
taking place ; phenylhydrazine also has marked action, but has not 
led to a definite compound. 

Action of Alkali.—The behaviour of 3-triazobutanone-2 towards 
aqueous alkalis recalls that of acetonylazoimide. The concentrated 
agent gives rise to vigorous liberation of gas, with development of a 
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red coloration ; more dilute alkali (2 per cent.) furnished the nitrogen 
at a rate convenient for measurement : 


0°2488 gave 43°0 c.c. of nitrogen at 18° and 775 mm. N= 20-7. 
C,H,ON, requires 2/3 N =24'8 per cent. 

On decomposing a larger quantity of material, it was easy to show 
that the above deficit of nitrogen was due to elimination of hydrazoic 
acid, and the presence of an oxidisable product is indicated by the 
action of Fehling’s solution. It is noteworthy that the first action of 
the alkali appears to be dissolution, because, on mixing the triazo- 
ketone cautiously with a deficit of very dilute potassium hydroxide, a 
pale yellow solution has been obtained which is found to contain the 
azoimide even after repeated extraction with ether; although the 
presence of the triazo-group in this solution is demonstrated by 
vigorous effervescence with concentrated alkali, an attempt to prepare 
a benzoyl derivative of the hypothetical enolic modification was 
unsuccessful. 

The Semicarbazone.—On mixing the triazo-ketone with aqueous 
semicarbazide hydrochloride in molecular proportion and adding 
sodium acetate, the semicarbazone was precipitated as a paste from 
which a disappointing yield of crystallised material was obtained ; 
this unsatisfactory result must be due to subsidiary changes, because 
free hydrazoic acid was recognisable. On recrystallising the drained 
product from boiling water, followed by a mixture of benzene and 
petroleum, lustrous, snow-white plates were obtained, melting at 94° 
without apparent decomposition : 

0°0810 gave 34:0 c.c. of nitrogen at 16° and 771 mm. N =50°25. 
C,H,,ON, requires N = 49°41 per cent. 


The semicarbazone is a stable substance, easily soluble in common 
media, excepting petroleum, and moderately soluble in cold water. — | 
Concentrated alkali sets free nitrogen and eliminates hydrazoic acid, 
whilst concentrated sulphuric acid decomposes it almost explosively, 
provided the crystals are in proper contact with the agent from the 
outset. When the triazo-ketone remains associated with semicarbazide 
during several days, there is produced a sparingly soluble substance 
which is probably the bis-semicarbazone of dimethylglyoxal (compare 
this vol., page 83). 

Action of Hydroxylamine.—Owing to the readiness with which 
Hil hydrazoic acid is eliminated from 3-triazobutanone-2, we have failed 
| in attempts to prepare an oxime. On applying to this ketone the 
process which led to triazoacetoxime, oximation took place very 
readily, but hydrazoic acid was eliminated, and the liquid product, 
although containing a large proportion of the required oxime, gave a 
quantity of nitrogen almost 5 per cent. below the calculated amount ; 


n 
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moreover, the colourless substance became dark yellow during twelve 
hours, spontaneously liberating hydrazoic acid. Nevertheless, the 
behaviour of triazoacetoxime led us to try the action of p-toluene- 
sulphony! chloride, in the hope that a definite derivative might be 
obtainable; the experiment, however, was unsuccessful, as, although 
conducted in exactly the same way as in the case of triazoacetoxime 
and of 1-triazobutanonoxime-2 (see below), the oily product, even in 
dilute ethereal solution, spontaneously liberated hydrazoic acid and 
did not yield a crystalline derivative. 

On treating the triazo-ketone with excess of hydroxylamine hydro- 
chloride, a small proportion of dimethylglyoxime was obtained, easily 
recognised by the brilliant red, crystalline precipitate which separated 
on adding nickel sulphate followed by ammonia. 


1-Triazobutanone-2, N,*CH,*CO-OH,"CH,. 


Seventy grams of the chlorobutanone were shaken with fifty grams 
of sodium azide dissolved in 300 c.c. of water containing a few drops 
of acetic acid, the intensely pungent odour of the halogen derivative 
being no longer perceptible after six or eight hours. The oil was then 
extracted with ether, dried by sodium sulphate, and distilled under 
2 mm. pressure, the major portion boiling at 56°, and having specific 
gravity 1-084 compared with water at 18°: 

0:1102 gave 34°4 c.c. of nitrogen at 16° and 779 mm. N=37°82. 

C,H,ON, requires N = 37:17 per cent. 

In appearance, volatility, and behaviour towards solvents, the 
“external ” azoimide is indistinguishable from the “internal” deriv- 
ative, but the odour is faint and without character. Although imme- 
diately attacked by concentrated sulphuric acid, the substance is more 
stable than the isomeride towards light, becoming only faintly yellow 
in the course of several weeks. Thrown on a hot plate, it takes fire 
with a feeble detonation, thus presenting a curious distinction from 
the “internal” azoimide. 

Action of Alkali.—Qualitatively, there is no difference between the 
two isomerides in regard to their behaviour towards alkali, but, on 
measuring the nitrogen evolved, it appeared that 1-triazobutanone-2 
yields a slighty larger proportion in the elemental form : 


0°1731 gave 32:0 c.c. of nitrogen at 18° and 781 mm. N=22°3. 
C,H,ON, requires 2/3 N = 24:8 per cent. 
The deficit from the calculated amount is due to elimination of 
hydrazoic acid. 
The Semicarbazone.—The superior stability of the “ external” azo- 
imide is indicated also by its behaviour towards semicarbazide ; this 
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gave a quantitative yield of the semicarbazone, which was recrystallised 
from boiling water followed by hot benzene, the latter solvent deposit- 
ing lustrous, felted, snow-white needles melting at 101°: 

0°1292 gave 53:2 c.c. of nitrogen at 18° and 779 mm. N=49°51. 

C,H,,ON, requires N = 49°41 per cent. 

The compound dissolves less readily than the isomeride in benzene 
and in water, but its behaviour towards alkali, Fehling’s solution, and 
sulphuric acid is that of the “internal” triazo-derivative ; a mixture 
of the two substances melted at 70—75°, and the individuals behave 
alike on a hot-iron plate, merely charring without detonation. 


Triazomethyl Ethyl Ketoxime, N,*CH,°C(:NOH):C,H,. 


Ten grams of 1-triazobutanone-2 were shaken with an aqueous 
solution of hydroxylamine, prepared from 7 grams of the hydro- 
chloride and 5 grams of sodium carbonate; oximation proceeded 
rapidly, and the product, after extraction with ether, was dried during 
two days in a vacuum desiccator containing sulphuric acid : 

0°1150 gave 42°5 c.c. of nitrogen at 21° and 776 mm. N=43°81. 

C,H,ON, requires N = 43°75 per cent. 

The odour of the oxime resembles that of the free ketone, but is 
much fainter. Dilute aqueous potassium hydroxide dissolves the sub- 
stance without effervescence, but, on warming the solution, nitrogen is . 
liberated, whilst the liquid reduces Fehling’s solution immediately and 
yields hydrazoic acid when acidified. 

The p-Toluenesulphonyl Derivative-—The oxime, dissolved in 
pyridine, was mixed with the calculated quantity of p-toluenesulphonyl 
chloride in the same solvent, but the oil which separated on dilution 
with water furnished a very unsatisfactory yield of the toluene- 
sulphonyl derivative. Recrystallisation from petroleum gave lustrous, 
colourless needles melting at 72°, when liberation of gas took place, 
followed by an explosion : 

01827 gave 31:2 c.c. of nitrogen at 20° and 776 mm. N=20°32. 

C,,H,,0,N,8 requires N = 19-86 per cent. 

The substance yields nitrogen with alkali and with sulphuric acid ; 
although snow-white when freshly prepared, it rapidly deteriorates, 
and becomes brown in a few days even when protected from light. 
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LXII.—A New Form of Pyknometer. 
By Wutx1amM Rosert Bousrietp, M.A., K.C. 


Tue volume which a solute occupies in a solution is now recognised as 
giving a most valuable insight into the nature of the solution. The 
contraction which takes place on solution in water is probably in 
many cases the best basis for the 


estimation of the amount of water 
combination which accompanies 
the process of solution. Moreover, 
very exact quantitative relations 
often exist between the varia- (>) 
tions of such contraction for a H 
series of dilutions and the corre- 
sponding variations of other E FE 
physical properties of the solu- : 
tion.* For the accurate deter- 
mination of solution volumes in 
dilute solutions, it is necessary to 
have density determinations 
which are relatively accurate 
within a unit in the fifth place 
of decimals, and it is desirable 
B 


to be able to attain such degree 
of accuracy with an ease of 
manipulation which does not 
evolve troublesome precautions. 
It is with the object of meeting A 
these requirements, that the 
present form of pyknometer has 
been designed. 
It consists of two tubes, A and 

B, connected as shown by a ee 
short tube, C, and by a handle, 
D, which serves to suspend the 
apparatus at a suitable height 
in a thermostat. The tubes A 
and B are conical at their upper 
ends, and are joined by tubes 
E and F of fine bore to conical cups @ and H, which can be closed 
by stoppers X and L. 


* See Bousfield on ‘‘ Ionic Size in Relation to the Physical Properties of Aqueous 
Solutions,” Phil. Trans., 1906, A, 206, 146, 150. 
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To fill the pyknometer, the stoppers X and Z are replaced by 
stoppers furnished with suitably bent tubes, one of which is inserted 
into the vessel containing the liquid with which the pyknometer is to 
be filled, whilst the other tube may be conveniently connected to a 
filter pump or other exhauster. The filling operation is completed by 
pouring a little of the liquid into one of the cups, and sucking air from 
the other. 

The cups are usually left partly filled with liquid until the tem- 
perature adjustment is attained. The excess of liquid is then sucked 
out, and the last portions removed by a piece of filter paper screwed to 
a fine point. The level is adjusted to marks on the tubes £ and /, 
which are made just where the cups narrow down to the size of the 
fine bore. Before removal from the thermostat, the cups are wiped 
dry with a suitable swab and the stoppers inserted. The apparatus 
combines the following advantages. 

1. It serves for determinations at temperatures either above or 
below the temperature of weighing, and the cups, which hold the 
overflow when the liquid expands before weighing, can be wiped 
dry so as not torun the risk of vitiating the observation by adherent 
moisture. 

2. The apparatus acts as a very sensitive thermometer when the 
level of the liquid has been adjusted. It can then be left a minute 
or two longer in the thermostat, and an observation of the level with 
a magnifying lens indicates at once whether the temperature of the 
thermostat has been attained. 

3. The reduction of pressure in the operation of filling tends to 
extract some of the air dissolved in the liquid and to reduce the 
formation of bubbles. Any air bubbles that are present at any stage 
can be detached by shaking or inverting the pyknometer, and can be 
readily expelled by sucking some of the liquid into the cup on one 
side or the other. 

4. The pyknometer, although light, is so strong that it will bear some 
amount of rough handling, and, in particular, it can be wiped dry 
with some vigour, after taking from the thermostat, without risk of 
breakage. 

As an example of the degree of accuracy of which the apparatus 
is capable in ordinary use, there is appended a set of densities of 
nitric acid of normal strength taken with two pyknometers both 
constructed as above described, the total content of pyknometer 
No. 1 being about 250 c.c. and of pyknometer No. 2 about 
350 c.c. : 


are SS «6h 
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Densities of Normal Nitric Acid. 


Densities. 
Temp. Pyk. No. 1. Pyk. No. 2. Difference. 
4° 1°035801 1°035796 5 
11 1°034336 1°034341 -5 
18 1°032435 1°032442 -7 
25 1°030159 1°030167 -8 


The weighings were taken with only ordinary precautions as to 
observation of temperature and barometric pressure. The maximum 
difference in the results from the two pyknometers is less than + 1 in 
the fifth place of decimals. 


LXIII.—Para- and Meta-nitrosoacetanilide. 
By Joun CanneE.t Cain. 


THE discovery by Piloty, in 1898 (Ber., 31, 456), that nitroso-com- 
pounds can exist in two modifications, namely, a solid, colourless, 
bimolecular and a liquid, blue, unimolecular, has been confirmed by 
the observations of several investigators. It is found that the colour- 
less, bimolecular form melts to a blue liquid consisting of the uni- 
molecular modification, and also becomes dissociated in certain 
solvents, the solutions being blue or green. 

In the course of the present investigation, carried out with the 
object of preparing p-nitrosoacetanilide, which, unlike many analogous 
compounds, cannot be obtained from J-nitrosoacetanilide by intra- 
molecular change (compare O, Fischer and Hepp, Ber., 1887, 20, 
2474), the interesting fact was discovered that, whilst the compound 
can be prepared in both the unimolecular and the bimolecular state, 
both these modifications are well-defined solids. So far as the author 
is aware, this phenomenon has not been previously observed. 

The unimolecular p-nitrosoacetanilide is obtained from alcohol in’ 
large, green crystals melting with decomposition at 173°, and the 
bimolecular variety separates from water as a white, microcrystalline 
powder melting without decomposition at 180—181°. 

In the case of m-nitrosoacetanilide, which was also prepared, the 
solid, green, unimolecular modification is transformed in solution so 
readily into the bimolecular form that it could not be isolated in the 
pure condition. The bimolecular variety is yellowish-brown, and 
yields green solutions in water, alcohol, or acetic acid. 
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The method of preparation of these nitroso-derivatives was the same 
as that employed by Leuchs (Ber., 1907, 40, 1086) for o-nitrosoacet- 
anilide, namely, by oxidising the corresponding monoacetylphenylene- 
diamine with Caro’s acid. The occurrence of a bimolecular modifica- 
tion of the ortho-compound was not recorded by Leuchs or by Brand 
and Stohr (Ber., 1906, 39, 4085), who first prepared the substance by 
another method. 

EXPERIMENTAL. 


p-Nitrosoacetanilide. 


Concentrated sulphuric acid (64 grams) was stirred into potassium 
persulphate (32 grams), and the mixture allowed to remain at the 
ordinary temperature for one hour. It was then poured on ice, 
exactly neutralised with potassium carbonate (about 105 grams), and 
a few drops of acetic acid added. The volume of the ice-cold solution 
was about 1—1} litres, and it contained 1:07 grams of active 
oxygen. 

On pouring this sojution into a cold solution of 5 grams of mono- 
acetyl-p-phenylenediamine in about 400 c.c. of water, a greenish-grey, 
flocculent precipitate was formed. This was collected, extracted with 
ether, and the grey solid, left after evaporation of the ether, was 
crystallised from alcohol. On cooling, p-nitrosoacetanilide (about 
1 gram) separated in stout, green plates, melting at 173° with decom- 
position : 

01208 gave 18 ¢.c, of nitrogen at 18° and 748 mm. N=17:24. 

C,H,O.N, requires N = 17°10 per cent. 
p-Vitrosoacetanilide gives Liebermann’s reaction, and is readily 
soluble in alcohol or glacial acetic acid, very sparingly so in water, 
and insoluble in benzene. It dissolves in aqueous caustic alkalis with 
a yellow colour, and the solution, on heating, evolves ammonia. 

In one experiment, in which the oxidation of the same weight of 
monoacetyl-p-phenylenediamine was carried out by using less potass- 
ium persulphate (26-3 grams), in addition to p-nitrosoacetanilide 
there was also isolated a substance insoluble in ether, but soluble with 
a red colour in alcohol, separating from the latter in yellow needles, 
which proved to be 4:4’-diacetyldiaminoazobenzene (Mixter, Amer. 
Chem. J., 1883, 5, 282). In an experiment, using excess of per- 
sulphate (40 grams), a small quantity of p-nitroacetanilide was 
detected. 


bis-p-Nitrosoacetanilide. 
On adding water to the alcoholic mother liquors from p-nitrosoacet- 


anilide, nearly colourless crystals were obtained, which were quite 
different in habit from the first crop. On recrystallisation from hot 
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water, these separated in the colourless condition, but they gradually 
acquired a pale green tinge when dried between filter paper. The 
substance melts at 180—181° without decomposition, gives Lieber- 
mann’s reaction, and evolves ammonia on heating with aqueous 
potassium hydroxide : 


0:1359 gave 19-6 c.c. of nitrogen at 18° and 768 mm. N=17°18. 
C,,H,,0,N, requires N = 17:10 per cent. 


bis-p- Vitrosoacetanilide is readily soluble in alcohol or glacial acetic 
acid, and moderately so in hot water, being much more soluble in the 
latter solvent than is the unimolecular compound ; it is insoluble in 
benzene. Its formation from p-nitrosoacetanilide is readily demon- 
strated by boiling the latter with a little water in a test-tube, when, 
on cooling, a white, microcrystalline powder of the bimolecular 
compound collects above the excess of the green, unimolecular modi- 
fication. 

As was to be expected from the green colour of the solution in 
glacial acetic acid, the substance was found, by a cryoscopic deter- 
mination of the molecular weight, to be dissociated in this solvent. 


bis-m- Mitrosoacetanilide. 


This was obtained from monoacetyl-m-phenylenediamine in exactly 
the same way as described for the para-derivative. The base was 
prepared by acetylating m-phenylenediamine. Instead, however, of 
isolating the free base, the hydrochloride was crystallised from hot 
water, the dry substance dissolved, neutralised with potassium 
hydroxide, filtered, and the filtrate titrated with /2-sodium nitrite, 
For the oxidation, the requisite amount of the solution was used. On 
mixing this solution with the Caro’s acid, a yellowish-brown coloration 
was observed. The ethereal extract was green, and when moderately 
dilute left a residue partly green and partly yellowish-brown, the 
former evidently consisting of the unimolecular modification of the 
nitroso-compound. When, however, more concentrated ethereal solu- 
tions were allowed to stand, the bimolecular variety was gradually 
formed and crystallised out. Hence it was not found practicable to 
isolate the unimolecular form in the pure state. 

On crystallisation from alcohol, pale yellowish-brown, microcrystal- 
line needles, melting at 111°, separated on cooling. The colour was 
not changed by repeated crystallisation. From analogy to the 
numerous examples in the literature, there can be little doubt that 
these consisted of the bimolecular form. As, however, the substance 
is insoluble in the ordinary indifferent solvents, the molecular weight 
in such solvent could not be determined. An estimation in glacial 
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acetic acid showed that the substance was completely dissociated to 
the unimolecular form in this solvent : 

0:097 gave 14°5 c.c. of nitrogen at 16°5° and 742 mm. N=17'29, 

C,,H,,0,N, requires N = 17°10 per cent. 

bis-m-Vitrosoacetanilide gives Liebermann’s reaction, is readily 
soluble in alcohol, glacial acetic acid, acetone, or hot water, with a 
green colour, but insoluble in ether, benzene, or light petroleum. 
The substance does not dissolve in caustic alkalis, and, on heating, no 
ammonia could be detected. 


Sir William Ramsay’s kindness in allowing me to carry out this 
work at University College is here gratefully acknowledged. 


UNIVERSITY COLLEGE, 
LONDON. 


LXIV.—The Constitution of “ Thiocyanates” containing 
an Electronegative Group. 


By Avueustus E, Dixon and Joun Tayior. 


So long ago as 1884, Gebhardt noticed (Ber., 17, 2088) the ease with 
which certain trisubstituted thiocarbamides are dissociated into thio- 
carbimide and secondary amine, a change induced even by distillation 
in a current of steam. Curiously enough, heat seems to be somewhat 
variable in its effect, for whilst ab-diphenyl-a-methylthiocarbamide by 
dry distillation is resolved into its constituents, namely, phenylthiocarb- 
imide and methylaniline, yet, on the other hand, if these are boiled 
together under a reflux apparatus, they unite to form the trisubstituted 
thiocarbamide. 

As a rule, no difficulty was encountered in producing the thio- 
carbamides, compounds being obtained of phenylthiocarbimide with 
methyl- or ethyl-aniline, of p-tolylthiocarbimide with the same two 
amines, and of a-naphthylthiocarbimide with methylaniline. 

Diphenylamine, however, proved an exception ; thus, it failed to 
unite with phenylthiocarbimide either directly or when the two 
substances were heated together for a whole day in boiling cumene at 
165°. Nevertheless, when they were heated for several days in a 
sealed tube at 280°, the product, a dark red oil, yielded traces of a 
yellow, crystalline material, which, after purification, melted at 152°, 
and was identified as triphenylthiocarbamide. Further, Gebhardt 
_ eould not obtain from diphenylamine, by means of potassium cyanate 
or thiocyanate, the correspording urea or thiocarbamide ; Miquel, too, 
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has placed on record the failure of an attempt to combine this base 
with benzoylthiocarbimide (Ann. Chim. Phys., 1877, |v], 11, 346). 

Subsequently, E. A. Werner mentioned in a brief note (Proc., 
1892, 8, 96) that aa-diphenylthiocarbamide may be obtained through 
the isomeric rearrangement of diphenylamine thiocyanate. 

Since Gebhardt’s paper was published, no further attempt seems to 
have been made to combine diphenylamine with thiocarbimides ; 
perhaps because his results did not seem very encouraging. 

It occurred to us, however, that the acyl “ thiocyanates” or “ thio- 
carbimides,” being very active substances, might possibly be able to 
unite with this rather inert base, and, on putting the conjecture to the 
test of experiment, we found that combination occurs very readily, and 
often with the development of much heat. These reactions furnish the 
means of obtaining a new series of substituted thiocarbamides, 
isomeric with the known forms having two aryl radicles symmetrically 
distributed between the two nitrogen atoms, that is, the substituted 
thiocarbanilides and their strict congeners. For the purpose of 
comparison, and to test the generality of the reaction, we have now 
prepared several members of the wa-diphenylated class, which are 
described later. 

Concurrently with these syntheses, we have taken the opportunity 
to prepare, in a more or less pure condition, certain acyl “ thio- 
carbimides,” and have determined for these substances some of the 
physical constants and chemical properties which appear to bear upon 
the subject of their chemical constitution. 

Boiling points were taken by means of short Anschiitz thermometers, 
divided into fifths of a degree, the thread of mercury being totally 
immersed in the vapour ; densities, either by a Westphal balance with 
5 c.c. plummet, or by a Sprengel’s pyknometer, containing about 
75 c.c.; the indices of refraction were measured by means of a 
Pulfrich total-reflectometer, reading directly to 0°5° of are, and by 
vernier to single minutes. Sodium light was employed, the molecular 
refractions, Mp, being calculated from the formula 


—1)p 
M, = eos 
“p 
where pw» =refractive index for the D-line at ¢°, y= molecular weight, 
t° 
and do = specific gravity at the observed temperature :°, referred to 


water at 4°. Where atomic refractions are used for the purpose of 
calculation, the values are taken as follows : 
C=5:1; H=1°3; O1=3°4; -O-=3°1. 
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Acetyl Thiocyanate. 


When Miquel first obtained (/oc. cit., 295) from acetyl] chloride and 
lead thiocyanate a substance, CH,*CO(CNS), he judged from the fact 
of its yielding with water, acetic and thiocyanic acids, but little carbony] 
sulphide, that it must necessarily be acetyl thiocyanate, CH,*CO-SCN, 
a view consistent, moreover, with its mode of formation. But the 
corresponding benzoyl compound, which combined with ammonia, 
aniline, and so on, to form substituted thiocarbamides, and which, on 
treatment with hot water, rapidly gave carbonyl sulphide, but no 
material amount of thiocyanic acid, he naturally classed as a thio- 
carbimide. Consequently, on finding that acetyl thiocyanate yielded 
with ammonia nothing that could certainly be recognised as acety]- 
thiocarbamide, but, on the other hand, gave acetylphenylthiocarbamide 
when mixed with aniline, he felt compelled to regard the latter re- 
action as “‘ abnormal.” 

Many homologues of acetyl thiocyanate have since been obtained by 
a similar method, and shown to possess the same abnormal or thio- 
carbimidic properties, especially when treated with particular 
materials or under particular conditions. 

If that behaviour of acetyl “ thiocyanate” which results in the 
separation of its constituents into CH,*CO: and -SCN be considered 
“thiocyanic,” its direct union with alcohols, amines, &c., being 
regarded as “ thiocarbimidic,”’ acetyl thiocyanate acts normally both 
as such and as a thiocarbimide. For instance, it has been shown by 
Dixon and Hawthorne (Trans., 1905, 8'7, 468) that when aniline acts on 
acetyl thiocyanate, the product at high temperatures consists mainly of 
acetylphenylthiocarbamide, whilst at low temperatures little is formed 
save aniline thiocyanate together with acetanilide; at intermediate 
temperatures both processes run concurrently, the distribution of the 
sulphur into thiocyanate and thiocarbamide becoming equal in the 
neighbourhood of 80°. Further, it was shown that if previously to 
interaction at a given temperature the thiocyanate was heated to a 
higher point and then cooled, the result as regards distribution of the 
sulphur was the same as if the preliminary heating had been omitted ; 
so that if heating conditioned change of the thiocyanate into the 
isomeric thiocarbimide, such change must be temporary only, that is, 
reversible with alteration of temperature. 

Following up these observations, Hawthorne (Trans., 1906, 89, 
536) obtained acetyl thiocyanate in a highly purified condition, and, 
having verified that it possesses a constant boiling point, ascertained 
that the molecular refractive power undergoes no change when the 
substance is examined at widely varying temperatures, from which it 
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follows that isomeric change of the CNS group does not occur in these 
circumstances. Moreover, he found that the molecular refractive 
power of this group, whilst diverging considerably from that measured 
for certain known thiocyanates, agreed closely with the value deter- 
mined experimentally for a number of undoubted thiocarbimides ; 
hence he concluded that, so far as this static method may be relied 
on, acetyl ‘“ thiocyanate ” is really a thiocarbimide, CH,*CO-NCS. 

Propionylthiocarbimide gave with aniline results very similar to 
those with acetylthiocarbimide, but, when the latter was combined 
with o-toluidine, the percentage of sulphur forming acetyl-o-tolylthio- 
carbamide was much higher than with aniline. 

It may fairly be concluded from these results, that the thiocyanic 
or thiocarbimidic power of acetyl “ rhodanide” is not inherent in the 
molecule, but is determined by external factors. Whatever the con- 
stitution of acetyl rhodanide may be, whether thiocyanate or thio- 
carbimide, the substance, notwithstanding the apparent vagaries in 
its chemical behaviour, in respect of physical properties is plainly a 
definite compound, Since a thiocyanate could not give the additive 
compounds yielded by this substance and by its strict congeners, 
we consider that they must henceforth be regarded as thiocarb- 
imides. That this view does not conflict with the production, in 
many reactions, of thiocyanic acid, we propose to establish by showing 
that, under suitable treatment, various other acyl thiocarbimides, 
compounds the thiocarbimidic behaviour of which is so clearly marked 


‘that no doubt is entertained regarding their constitution, may be 


caused in like manner to decompose with production of thiocyanic acid. 

The statement, made above, that acetyl thiocyanate could not give 
certain additive compounds requires explanation. Acetylthivcarb- 
amide is formed, according to Nencki (Ber., 1873, 6, 599), from 
thioacetic acid and cyanamide; here, the acetyl group, combined 
initially with sulphur, is found ultimately attached to vitrogen : 

CH,°CO-:SH + CN:NH, =CH,°CO-NH-CS:NH,. 

In this case, probably the compound CH,°CO°S:C(:-NH)-NH, is 
first formed, the acetyl group then migrating, either directly or in 
exchange for hydrogen, to a nitrogen atom. Such movement of the 
acyl group from sulphur to nitrogen has now been observed in many 
cases (see, for example, Dixon and Hawthorne, Trans., 1907, 91,122; 
Dixon and Taylor, tbid., 912; 1908, 93, 18), so that with ammonia 
the action might be conceived to run thus : 

Ac‘SCN + NH, = AcS-C(:NH)-NH, —-> 

HS°C(-NAc)-NH, —> AcNH-CS:NH,. 
But in the case of union with aniline, if 
Ac’SCN + PhNH, = AcS’C(;-NH)-NHPh 
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and the acetyl group now migrates, yielding the actual product, 
namely, AcNH-CS:NHPh, it is not easy to understand why this 
group should pass, at very moderate temperatures, to the non- 
phenylated nitrogen atom, seeing that when the compound 
AcS:C({NH)-NHPh 

is liberated from the corresponding hydrochloride (Dixon and 
Hawthorne, Joc. cit.) the acetyl group goes to the other nitrogen, 
yielding AcPhN-CS-NH,, a compound sufficiently stable to be recrys- 
tallised from boiling alcohol without undergoing change to the 
symmetrical form. But in any case it is unnecessary to labour this 
point, since the following observations are inconsistent with the view 
that acetyl rhodanide is a true thiocyanate. 

Pure acetylthiocarbimide, when boiled with dilute caustic alkali, 
dissolved rapidly, with evolution of ammonia and production of alkali 
carbonate ; one portion of the resultant clear liquid, when acidified 
and treated with ferric chloride, gave the reaction for thiocyanic acid; 
the other gave with lead acetate a copious precipitate of lead sulphide. 
But solution of lead thiocyanate in caustic alkalidid not darken when 
boiled, nor was ammonia evolved; neither did pure sodium thio- 
cyanate, when boiled with alkaline lead tartrate, yield these reactions ; 
even ammonium thiocyanate (which might conceivably have changed 
to thiourea) suffered no desulphurisation under this treatment. 

It is not easy to understand how true acetyl thiocyanate, if decom- 
posed into acetic and thiocyanic acids, could have afforded the results 
described. But if acetylthiocarbimide is undergoing hydrolysis, a 
portion may escape the dissociation into acetyl and -NCS, undergoing 
instead the usual thiocarbimidic change into carbonyl sulphide (which 
would account for the desulphurisation) and the amido-compound, 
acetamide, the further hydrolysis of which would yield ammonia. 

Wheeler and Merriam, on the other hand, consider that the 
production of metallic sulphide by the action of boiling caustic alkali 
on a rhodanide cannot be regarded as evidence of its having a 
thiocarbimidic constitution, giving in support of this view the fact 
that benzyl thiocyanate gives the reaction mentioned (J. Amer. Chem. 
Soc., 1901, 23, 285). Benzyl thiocyanate, however, is somewhat 
readily transformable by heat into the isomeric thiocarbimide, which 
may possibly be the reason for the phenomenon, 

There are, in fact, no decisive reasons for supposing any of 
the acyl rhodanides to be thiocyanates. In certain circumstances, no 
doubt, their decomposition products contain free or combined thio- 
cyanic acid, but, as this property is not generally manifested by 
organic thiocyanates, its display by certain acyl derivatives can scarcely 
serve to correlate them with that class of compounds. Secondly, it is 
reasonable to suppose that highly electronegative, radicles have but a 
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feeble hold on the CNS group ; hence, if these two become separated, 
and H-NCS cannot exist as such, the rhodanic group, unless decom- 
posed, must necessarily be found as H:SCN, no matter how it was 
attached originally. That the union of R-CO- with nitrogen is 
much more easily broken than that of R:CH,° is shown by the 
different behaviour with alkali of CH,-CH,°NH, and of CH,*CO-NH,, 
the latter being readily hydrolysed into acetic acid and ammonia. If 
now the group CS be substituted for the hydrogen of the NH, 
group, the products being CH,*CH,*NCS and CH,*CO-NCS respec- 
tively, it might be anticipated that these two would present some 
corresponding difference in their resistance to hydrolysis. 

In the third place, amongst acyl rhodanides, this “ thiocyanic ” 
behaviour is rarely, if ever, displayed to the exclusion of “ thio- 
carbimidic.”* Thus, with acetyl rhodanide and o-toluidine, the yield of 
disubstituted thiocarbamide even at 12° was nearly 74 per cent. of the 
theoretical for a thiocarbimide, and at 85° reached more than 96 per cent. 
(Hawthorne, Joc. cit.). With the homologues it is the same; thus, 
propionyl and isobutyryl rhodanides (Dixon, Trans., 1896, 69, 855), 
valeryl rhodanide (ibid., 1895, 67, 1040), caproyl rhodanide (7bid., 
1904, 85, 807), stearyl and palmityl rhodanides (ibid., 1896, 69, 1593), 
and phenacetyl rhodanide (ibid., 857) gave with various aryl bases 
yields of thiocarbamide varying from 60 to nearly 100 per cent. of the 
theoretical. 

Acetyl rhodanide, in fact, may display thiocarbimidic power even 
in circumstances where phenyl- or allyl-thiocarbimide does not, for, 
according to our experience, neither of these substances is disposed to 
unite readily with diphenylamine, whereas the first named combines 
with it at once. 

Acetylthiocarbimide and Diphenylamine.—A_ solution of the thio- 
carbimide was prepared by boiling acetyl chloride in benzene with 
dry lead thiocyanate, and filtering off the lead salts; to this, while 
hot, was added diphenylamine, dissolved also in boiling benzene. 
There was vigorous action, and from the solution, on cooling, yellow 
crystals were deposited, which, after two recrystallisations from spirit, 
formed long, cream-coloured needles, melting at 141° (corr.). Apart 
from what remained in the mother liquor, the yield of crude product 
amounted to 90 per cent. of the theoretical, calculated from the equation : 

CH,°CO-NCS + (C,H,;),.NH = CH,°CO-NH°CS:N(C,H,),. 

* There is no reason to suppose that the dual behaviour of acetyl rhodanide as 
thiocyanate and thiocarbimide simultaneously is due to the breaking, during inter- 
action, of a complex molecule, (Ac*CNS)n, into simpler components of different 
constitution, because not only is the moderate boiling point inconsistent with such 
a view, but, in addition, the molecular weight of a rectified specimen, when deter- 


mined by Hofmann’s method in a steam-jacket, was found to be 104, whilst the 
calculated value for C,H,O°CNS is 101. 
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The composition was checked by analysis : 


0270 required 20°5 c.c. V/10 BaCl, S=12-1. 
C,,H,,ON,S requires 8 = 11°86 per cent. 


The product was nearly insoluble in water, slowly and rather 
sparingly soluble in hot alcohol, and was gradually desulphurised by 
boiling with ammoniacal silver nitrate. When boiled with alkaline 
solution of lead, it seemed at first to undergo no change, but, on con- 
tinued heating, or by the use of concentrated alkali (1:25), the 
mixture was blackened, with formation of lead sulphide. In respect 
alike of fusibility and of its relations to lead and silver salts, this 
compound, a-acetyl-bb-diphenylthiocarbamide, is distinguished very 
sharply from its isomeride, a-acetyl-ab-diphenylthiocarbamide, 
AcNPh:Cs:NHPh, a substance melting, according to Deninger (Ber., 
1895, 28, 1322), at 91°, and according to Hugershoff (Ber., 1899, 32, 
3655) at 96°; according to our observations, the latter is desulphur- 
ised with ease by these metals, and melts at 96°. 

Action of Caustic Alkali on a-Acetyl-bb-diphenylthiocarbamide.—A 
quantity of the pure substance, dissolved in alcohol, was heated for an 
hour on the steam-bath with exactly one equivalent of sodium hydr- 
oxide ; after standing, the resultant clear solution deposited white 
crystals, the liquor from which contained sodium acetate. When re- 
crystallised from alcohol, the solid formed large, brilliant, flattened 
prisms, melting with effervescence to a green liquid at 206—207°, or 
212—213° (corr.). Both this and the foregoing compound, when 
heated with sulphuric acid and a trace of nitric acid, yielded the blue 
diphenylamine reaction, and were attacked almost explosively by warm 
nitric acid, the resultant mixture giving with excess of caustic alkali 
a fine, rose-scarlet coloration. The compound, when dissolved in cold 
alcohol, yielded with ammoniacal nitrate of silver an immediate black 
precipitate, but was desulphurised by alkaline lead salts only when 
the solution was evaporated to a high concentration. 

That the above product was aa-diphenylthiocarbimide was made 
certain by digesting it with acetic anhydride on the steam-bath ; 
from the resultant solution, on treatment with alcohol, white crystals 
were deposited, melting at precisely the same temperature as the 
preceding a-acetyl-bb-diphenylthiocarbamide, and, when these two 
were mixed in equal proportion, the melting point of the mixture was 
unchanged. 

The melting point given by Werner (loc. cit.) for aa-diphenylthio- 
carbamide, namely, 198° (presumably uncorr.), appears therefore to be 
somewhat low. According to our observations, the substance when 
prepared from diphenylamine, hydrochloric acid, and ammonium 
’ thiocyanate had a yellow colour ; when this was removed by a few 
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recrystallisations from alcohol, using animal charcoal, it melted at the 
same temperature as the preceding compound, and, when the two 
were mixed in equal weights, the melting point remained unaltered, 
at 206—207° (uncorr.). The temperature of melting depends, how- 
ever, to some extent on the rate of heating, a fact due, probably, to 
the occurrence of more or less preliminary decomposition, for if the 
rate be very slow, a distinct green coloration is visible before melting 
takes place. 

Action of Heat on a-Acetyl-bb-diphenylthiocarbamide.—A particular 
interest was attached to the decomposition of this substance by heat, 
since by dissociation into its constituents it must necessarily yield 
acetylthiocarbimide,* a compound the properties of which may be 
compared with those of the acetyl “thiocyanate” resulting from the 
interaction of acetyl chloride and a metallic thiocyanate. 

Thirty grams of the recrystallised thiocarbamide were distilled in a 
vacuum, the distilling flask being immersed in an oil-bath at about 
170°; the oily product, when rectified, formed a clear, straw-yellow 
liquid, boiling at 30—32° under 9—10 mm. pressure. This substance 
had the appearance and pungent odour of acetyl “thiocyanate” ; it 
was rapidly hydrolysed by water into acetic and thiocyainic acids, 
gave with alkaline lead and silver salts, mixtures of sulphide and 
thiocyanate, and, in short, behaved in every respect like ordinary 
acetyl “thiocyanate.” The various boiling points that have been 
observed for the latter in different preparations are: 42°25—43°/ 
23 mm. (Hawthorne, Joc. cit.), 38°25°/19 mm., 37°/17 mm., 50°/ 
34 mm. ; if these and the above (say, 31°/9'5 mm.) are plotted on a 
curve of equal lengths for degrees and mm., the five points lie within 
the limits of experimental error (1 mm. in the gauge-reading) on a 
straight line. Further confirmation of the identity was afforded by 
the index of refraction, wp), which measured 1°5237 at 15°, whilst 
for acetyl “ thiocyanate’? Hawthorne found at 18°4° the value 1°5232. 

The above results are concordant with those obtained in another 
similar experiment, where a-acetyl-bb-phenylbenzylthiocarbamide was 
employed (Dixon, Trans., 1906, 89, 908), but in the latter case the 
physical properties of the oil were not subjected to measurement. 

It has been mentioned above that acetylthiocarbimide and its 
congeners gave with most aryl bases good yields of substituted thio- 
carbamide, But with water, much thiocyanic acid was always 
produced, and with ammonia, benzylamine, phenylhydrazine, and 
piperidine the yields of thiocarbamide were poor or almost nothing, 
and the like was true with respect to succinyldithiocarbimide (Dixon 
and Doran, Trans., 1895, 67, 573). Apart therefore from high 
temperature, which may be a very important factor in determining 

* Because the acetyl group is attached directly to nitrogen. 
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the direction of change, it would seem that what tends to hinder thio- 
carbamidic union, and simultaneously to facilitate thiocyanic decom- 
position, is the use of water, alkalis, or alkaline bases. 


Benzoylthiocarbimide. 


This substance was prepared by heating together benzoyl chloride, 
diluted with benzene, and excess of. dry lead thiocyanate ; when the 
clear liquor ceased to give the reaction for chlorine, the lead salts were 
removed by theaid of the pump, and the filtrate was fractionated under 
diminished pressure. 

A sample, thrice rectified, formed a clear, almost colourless oil, 
boiling at 119° under 10 mm. pressure. Its density at 18:3°/4° was 
1-2142, a figure somewhat higher than that given by Miquel (Joe. cit.), 
who found 1°197 at 16°; the index of refraction for the D-line was 
1°6382 at 18°3°, whence M, = 85°7. 

This molecular refraction, like that of all other cyclic thiocarbimides 
hitherto examined, being much higher than the figure calculated by 
summing the atomic refractions, was compared with the values experi- 
mentally determined for phenylthiocarbimide. The figures for the latter, 
according to Nasini and Scala (Gazzetta, 1886, 16, 70), are pp = 1°6492 
at 23°4° and a 1/129, whence M)=77'6 ; according to Berliner 


0 

(IJnaug. Diss., Breslau, 1886), np» = 1°65088 at 20° and & = 1:1331, 
whence M, = 77°55; if to 77°6 be added the refraction-value of C:0, 
namely, 5:1 + 34, or 8°5, the total for C;H,*CO-NCS is 86:1, a figure 
differing by less than 0°5 per cent. from that determined above for 
benzoylthiocarbimide, namely, 85:7. 

Comparison with o-tolylthiocarbimide, C,H,-NCS, gave a similar 

° 

result, the figures being »)»=1°6395 at 16° and a\&= 1-110, from 
which M,=85°8. This, it may be noted, agrees fairly well with the 
value, 77°6, for phenylthiocarbimide ; thus 77°6 + 5:1(C) + 2°6(H,) = 
85°3. 

If from the molecular refraction of o-tolylthiocarbimide, 85:8, there 
be deducted 2°6 for H, and 3:4 be added for :O, the result for 

O,H,*CO-NCS 

is 86°6, a figure differing by less than one unit from the number, 85°7, 
experimentally determined for benzoylthiocarbimide. 

Consistently with this, we found that when aniline in toluene solution 
was dropped into pure benzoylthiocarbimide in toluene at 16—17°, benz- 


oylthiocarbamide was formed without a trace of aniline thiocyanate, © 


and, on repeating this experiment at — 70°, the result was precisely the 
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same as at the higher temperature. In the reaction with aniline, 
therefore, the establishment of low temperature does not develop the 
capacity of benzoylthiocarbimide to yield thiocyanic products, as it 
does in the case of acetylthiocarbimide (see p. 686). 

Action of Diphenylamine.—According to Miquel (Joc. cit., 346), 
benzoylthiocarbimide could not be caused to unite, even at 200°, with 
diethylamine or with diphenylamine. Probably something was wrong 
with the sample of benzoylthiocarbimide employed in these experi- 
ments, for it bas since been shown (Dixon, Trans., 1896, 69, 1603) 
that, in the former case, combination occurs spontaneously, with marked 
evolution of heat and production of some 90 per cent. of the theoretical 
yield of a-benzoyl-6b-diethylthiocarbamide, and it now appears that the 
like is true as regards union with diphenylamine. 

a-Benzoy1]-bb-diphenylthiocarbamide was produced in a 71 per cent. 
yield by adding diphenylamine, in benzene solution, to the solution 
obtained by boiling benzoyl chloride, also in benzene, with lead thio- 
cyanate ; when the pure distilled thiocarbimide is employed, the yield of 
crude product reached 88 per cent. of the theoretical. The substance, 
when crystallised from alcohol or acetone, formed a white, microcrystal- 
line powder, melting at 135° (corr.), and giving on analysis the following 
figures : 

0°660 required 40°4 c.c. W/10 BaCl,. S=9°8. 

C,)H,,ON,S requires S = 9°65 per cent. 


The compound was soluble in alcohol, benzene, or acetone, and 
practically insoluble in water. The solution in caustic alkali was 
blackened very slowly by boiling with a lead salt; the alcoholic 
solution was not desulphurised by boiling with either neutral or 
ammoniacal silver nitrate, but was desulphurised by heating with 
alkali and silver oxide. When treated with sulphuric acid and a 
trace of nitric acid, or with nitric acid followed by alkali, it 
gave the blue and rose-scarlet reactions, due to the elimination of 
diphenylamine. 

“ Thiocyanic” Behaviour of Benzoylihiocarbimide.—From the above 
reactions, and from many others of a like kind, it is plain that benzoyl- 
thiocarbimide has properties which serve to establish it as a thio- 
carbimide and not a thiocyanate. But within certain limits, the 
same is true of acetyl “thiocyanate” ; for example, this substance, 
when combined with aniline in nearly boiling xylene, gave but 2°5 per 
cent. of its sulphur as aniline thiocyanate, the remainder forming 
mainly acetylphenylthiocarbamide, although at -10° this was 
reversed, some 94 or 95 per cent. appearing as thiocyanate (Dixon 
and Hawthorne, Joc. cit.). 

These facts suggesting that the difference between acetyl 
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“ thiocyanate ” and benzoylthiocarbimide is one rather of degree than 
of kind, indicated the probability that under suitable treatment the 
latter also might be caused to change, not with production of additive 
compounds, but of thiocyanic acid instead. Experiment has shown 
that this is the case. 

(i) Action of Water on Benzoylthiocarbimide.—Miquel’s statement, 
that benzoylthiocarbimide, when hydrolysed by boiling water, gives 
benzamide in approximately quantitative yield, we found to be 
substantially correct. Nevertheless, the aqueous solution, as the oil 
dissolved, gave with ferric chloride a red coloration, becoming more 
and more intense, so that, in half an hour or so, the reaction was 
strongly marked. On conducting a quantitative experiment, and 
measuring by means of Barnes and Liddles’ method with V/10 copper 
sulphate the thiocyanic acid left in solution after the evolution of gas 
had ceased, we found that of the total *-NCS taken (2°09 grams of pure 
thiocarbimide), 5 per cent. was present as H-SCN. Therefore the 
benzoyl ‘group, which is not parted at all from the -NCS radicle by 
aniline (see above), is slightly, but distinctly, separated from it by hot 
water, the main reaction being : 


PhCO-NCS + H,O = COS + PhCO-NH,, 


and the other, PhCO-NCS + H,O = Ph:CO,H + H’SCN. 

(ii) Action of Alkali.—The fact that water alone can separate to 
some extent the two groups PhCO* and -NCS, suggested the use of 
an alkali, since, in the event of partition occurring, the benzoyl 
would tend to be fixed, and, in so far as the liberated -NCS might 
behave as ‘SCN, it also would unite to form a stable combination. 
In testing this, pure distilled benzoylthiocarbimide was heated to 
boiling with a dilute (2 per cent.) solution of sodium hydroxide, sodium 
carbonate, or borax, also with lime-water and with magnesium 
oxide, suspended in water; the product, when acidified and treated 
with ferric chloride, gave in each case a most intense red coloration. 
Calcium carbonate and water gave no more coloration than water 
alone, that is, a faint reddening, the amount of thiocyanic acid so 
produced being very trifling after some three or four minutes. To 
ascertain tre amount of conversion by alkali, and whether it is 
dependent on temperature, two experiments were made by allowing the 
pure thiocarbimide (about 1°6 grams in each case) to dissolve in 
normal sodium hydroxide at 85° and at 1°5° respectively ; when 
solution was complete, the liquid was neutralised and the contained thio- 
cyanic acid measured by V/10 copper sulphate. The former experi- 
ment showed of the -NCS taken, 88:3 per cent. as thiocyanic acid, the 
latter, 89°9 ; in both cases some alkali sulphide was present, a portion 
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of the thiocarbimide having undergone the thiocarbimidic hydrolysis 
into carbonyl sulphide. 

Benzoylthiocarbimide, therefore, like acetylthiocarbimide, may 
undergo the thiocyanic decomposition ; that this occurred under the 
influence of a caustic alkali, suggested the next experiments. 

(iii) Action of Ammonia.—Ammonia gas or its aqueous solution, 
according to Miquel (doc. cit., 302), transforms benzoylthiocarbimide 
quantitatively into the corresponding thiourea. Our experience, so 
far as the aqueous solution is concerned, does not coincide precisely 
with this, for we find that, if the oil is shaken with it, benzoylthio- 
carbamide separates, and the liquor reacts strongly for ammonium 
thiocyanate. With excess of alcoholic ammonia (about 31), we 
obtained the following results: (a) The ammonia was run in at 
23—25° to an alcoholic solution of the thiocarbimide (about 3:3 grams), 
and the resultant mixture filtered from the thiocarbamide, neutralised, 
and made up with water to a known bulk. By means of V/10 copper 
sulphate, the dissolved thiocyanic acid was measured, and found to 
contain 51 per cent. of the available sulphur. (5) About the same 
weight as before of thiocarbimide, dissolved in dry toluene, was 
treated with alcoholic ammonia at —60° to —70°; the solvent was 
then evaporated at the atmospheric temperature, the residue extracted 
with water, and the dissolved thiocyanate measured as before ; this 
time it contained 54:5 per cent. of the sulphur present in the 
thiocarbimide. (c) Ammonia gas, roughly dried by quicklime, was 
passed in excess through benzoylthiocarbimide, dissolved in dry 
benzene ; the turbid mixture was then shaken with water, and the 
aqueous portion separated; when acidified and tested with ferric 
chloride, it proved to contain a mere trace of thiocyanic acid. 

Similar results were obtained with piperidine, isobutylamine, and allyl- 
amine ; these gave in presence of alcohol or moist acetone a consider- 
able amount of thiocyanic acid, but in presence of dry benzene, little 
or practically none. 

With benzoylthiocarbimide, therefore, what happens appears to 
depend largely on what is presented to it, and on whether or not 
water is present; alkaline substances in presence of moisture 
hydrolysing it freely, but in the absence of water having little power 
in this direction. 

Aryl bases, which (save in the case of aniline) produce with acetyl- 
thiocarbimide an inconsiderable amount of thiocyanic acid, with 
benzoylthiocarbimide give none at all ; the function of the -NCS group 
in benzoylthiocarbimide, however, unlike that in the acetyl congener, 
appears to be uninfluenced, at least for practical purposes, by the 
temperature at which a base is presented for interaction. 
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On the whole, however, it now appears that there is little difference 
between acetyl “thiocyanate ” and benzoyl “ thiocarbimide,” save as 
regards the ease with which they undergo thiocyanic change by 
hydrolysis, seeing that acetyl thiocyanate may behave largely as a 
thiocarbimide and benzoyl thiocarbimide as a thiocyanate. We are 
of opinion, therefore, that true acetyl thiocyanate remains still to be 
discovered, and that Hawthorne’s view (loc. cit.) is correct, that acetyl 
rhodanide is a thiocarbimide. In the same sense, that is, as benzoyl 
thiocarbimide, in other words, that so far as either of them yields 
the products of a thiocyanate, this is due to hydrolytic separation of 
the constituent radicles,* with subsequent change of the -NCS to -SCN. 
The same applies, of course, to propionyl, butyryl, stearyl, and other 
‘thiocyanates”’ of the aliphatic class, and probably to all rhodanides 
of strongly electronegative radicles; whether the thiocyanates of 
negative inorganic radicles, such as phosphorus, phosphoryl, «&c., 
are also thiocarbimidic, is a subject which we propose next to 
investigate, 


Carboxymethylthiocarbimide. 


Derivatives of carboxymethylthiocarbimide have been described by 
Doran (Trans., 1901, 79, 906), who, however, did not isolate the 
parent compound. The difficulty which he sometimes experienced in 
effecting complete interaction between methyl chlorocarbonate and 
lead thiocyanate in boiling benzene, or toluene, or mixtures of both, 
we verified, having failed to obtain more than traces of the desired 
product after several hours’ heating. By addition of the chloro- 
carbonate to a hot saturated solution of potassium thiocyanate in 
nearly dry acetone, the difficulty was overcome, potassium chloride 
being precipitated instantly ; the mixture was then allowed to cool, 
filtered, and the filtrate distilled under diminished pressure. 

By operating thus, carboxymethylthiocarbimide was obtained as a 
clear, almost colourless oil, having an exceedingly pungent odour, 
most irritating to the eyes and nose ; after rectification, it boiled at 
30° under 12 mm. pressure. The density at 15°/4° was 1°152, and 
the refractive index for the D-line, 1°48862 at 15°; from these figures, 
the molecular refraction is 49°6. 

The substance differs by one oxygen atom from acetylthiocarbimide ; 
if to Hawthorne’s value for this (loc. cit.), namely, 46°1 at 15°, the 
figure, 3°1, for “ether” oxygen be added, the total, 49°2, lies not far 
from the above experimental number ; it seems probable, therefore, 
that carboxymetbylthiocarbimide is similar in constitution to acetyl 
“ thiocyanate.” 

* The hydrolysis of benzoyl chloride by water occurs much less readily than 
that of acetyl chloride. 
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No quantitative chemical experiments were made with carboxy- 
methylthiocarbimide and bases, alkalis, &c., but qualitatively it 
agreed so closely in every way with benzoylthiocarbimide that the 
description already given of the latter may serve for the carboxy- 
methyl compound. 

Action of Diphenylamine.—Carboxymethylthiocarbimide united 
readily with diphenylamine in hot benzene, the product, after two 
recrystallisations from alcohol, forming rosettes of prisms, melting at 
128—129° (corr.) : 

0'572 required 40°4 c.c. V/10 BaCl, S=11°3. 

C,,H,,0,N,S requires S= 11°19 per cent. 

The trisubstituted thiocarbamide was practically insoluble in water, 
and soluble in chloroform or benzene. Its solution in caustic alkali was 
slowly blackened when boiled with a lead salt; the alcoholic solution 
was unaffected by boiling with alcoholic silver nitrate, and this mixture 
when treated with ammonia was not disulphurised, but a white silver 
compound separated in brilliant needles. 

a-Carboxymethyl-ab-diphenylthiocarbimide.—For the purpose of com- 
parison, this isomeride of the preceding compound was prepared by 
mixing methyl chlorocarbonate with alcoholic thiocarbanilide. The 
product, when twice recrystallised, formed long, flattened prisms, 
melting at 106°. The alcoholic solution was readily desulphurised by 
warming with neutral silver nitrate or alkaline salts of lead: 

0572 required 40°5 cc. V/10 BaCl, S=11°3. 

C,;H,,0,.N,8 requires S= 11°19 per cent. 


Carboauyethylthiocarbimide. 


This compound has already been isolated by Doran (Trans., 1896, 
69, 335), who gives the boiling point 66—67°/21 mm. As in the 
case of the carboxymethyl homologue, we found the preparation from 
lead thiocyanate to be tedious and unsatisfactory, and therefore used 
the potassium thiocyanate and acetone process described on p. 696. 
When purified by fractionation, the substance boiled at about 83° 
under a pressure of 30 mm. ; it tends, however, to decompose some- 
what, with evolution of carbon dioxide and desulphuretted gases. 
Under 14 mm., the boiling point of a rectified specimen was found to 
be about 43°; if plotted as before, these three figures lie on a straight 
line. , 

The density at 15°/4° was 1°112, and pw» at 15° was 1:47985, from 
which M,=56°5. On comparing this, as before, with the carefully 
determined value, 46°1, of the acetyl congener, and adding thereto the 
values of -O- and of CH, (namely, 3°1 and 5:1 + 2°6, or 10°8), the total 
is 56‘9, a number so close to that found experimentally as to leave 
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little room for doubt as to the similarity of both compounds as regards 
the union of the -NCS group. 

From Doran’s results with this carboxyethyl compound there can 
be no doubt as to its thiocarbimidic nature, since even with ammonia 
and fatty bases it produces the corresponding thiocarbamides, and 
generally in good yield. 

Nevertheless, it can furnish a considerable amount of thivcyanic 
acid under the right conditions, which are those already described for 
the benzoyl and carboxymethyl analogues. When boiled with alkaline 
lead tartrate, well-marked desulphurisation occurs, and the same is 
true as regards alcoholic silver nitrate ; in neither case, however, is 
the production of sulphide anything like quantitative, the mixture 
containing always much thiocyanate. 

How strongly caustic alkali determines the latter form of change 
was shown by digesting 0°432 gram of the purified oil with excess 
(40 c.c.) of normal sodium hydroxide. After half an hour, when all 
was dissolved, the solution was neutralised and the thiocyanate 
determined as before with 4/10 copper sulphate ; it accounted for 
nearly 93 per cent. of the total.sulphur present. 

Action of Diphenylamine.—Prepared as before, the trisubstituted 
thiocarbamide formed brilliant, short, thick, rhombic prisms, practically 
insoluble in water, moderately soluble in alcohol or acetone, readily so 
in benzene or hot caustic alkali, and melted, when slowly heated, at 
125—125:5° (corr.) : 


0°6 required 40°5 c.c. V/10 BaCl, S=10°8. 
C,,H,,O.N,S8 requires S = 10°66 per cent. 


The compound was scarcely affected by ammoniacal silver nitrate 
even on prolonged boiling in presence of alcohol, and the solution in 
alkali, when heated with a lead salt, was not blackened until the 
mixture was boiled down almost to fusion. 

Most sharp is the contrast between this resistance and the ready 
desulphurisation by these reagents of the isomeride 

PhN(CO,Et)-CS-NHPh 
of Seidel (J. pr. Chem., 1885, [ii], 32, 263), which melts at 95°. 

Johnson, who has worked considerably of late on the acidic “ thio- 
cyanates,” considers that in all cases where a thiocarbimide is found 
as the product of the reaction between an acyl chloride and a metallic 
thiocyanate, the thiocarbimide originates through the transformation 
of a thiocyanate initially formed, and gives in support of this view 
(Amer. Chem. J., 1907, 38, 456) an instance of the production of 
diphenylcarbamyl thiocyanate and of its direct conversion by heating 
into diphenylcarbamylthiocarbimide, a substance already obtained by 
one of us (Dixon, Trins., 1899, 75, 393) from the corresponding 
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chloride and mercuric thiocyanaté in boiling cumene. In the paper 
cited, he predicts that other similar chlorides may be caused to furnish 
thiocyanates as well as thiocarbimides. 

In view of the properties of these particular chlorides, it seems very 
probable that Johnson’s anticipation may be verified. The electro- 
negative character of diphenylcarbamyl chloride, for example, is so 


. feebly marked that it may be crystallised unchanged from alcohol ; 


the corresponding aa-diphenylurea is obtained by heating it with 
alcoholic ammonia in a sealed tube at 100°, and to bring about its 
reaction with aniline the two are heated together in chloroform at 
130°; in short, this chloride behaves in many ways more like an 
alkylogen than like an ordinary acylogen. Jobnson points out that 
this is the first occasion on which an acyl thiocyanate has definitely 
been isolated having no thiocarbimidic characters (as. measured by 
the power to unite additively with nitrogenous bases) until trans- 
formed by heat; the case, therefore, is distinctly interesting ; never- 
theless, it does not follow from these results that highly electro- 
negative acid chlorides must behave in the same way with metallic 
thiocyanates, giving two distinct compounds, or that the product must 
be first thiocyanate and then thiocarbimide by transposition. 


The conclusion which from the facts now available we draw with 
regard to the acyl “thiocyanates”’ is, that such compounds are still 
unknown, the products resulting from the interaction of metallic 
thiocyanates and acylogens, at least in all cases where the acyl group 
is pronouncedly electronegative, being thiocarbimidic in constitution. 
In one respect, however, these substances differ from the hydrocarbon 
thiocarbimides somewhat as the amides from the amines, namely, as 
regards the former being subject to hydrolytic change with loss of 
nitrogen, for whilst the amides, by elimination of the NH, group with 
hydrogen, yield ammonia, so the acylthiocarbimides, by loss of -NCS 
with hydrogen, yield thiocyanic acid. And, just as with the 
amides, caustic alkalis tend to determine this kind of hydrolysis, so 
with the acylthiocarbimides, all forms of which appear to be susceptible 
of the corresponding change. 

Considerable differences exist in respect of the ease with which such 
hydrolysis may occur; thus, water alone determines it almost quan- 
titatively for the thiocarbimides of aliphatic acids, whereas with those 
of aromatic acids, or even aryl-substituted aliphatic acids, or the less 
electronegative oxy-aliphatic series, the hydrolysis is far from 
complete. 

Generally speaking, the thiocarbimidic function, as measured by 
the power to unite additively with nitrogenous bases, is best 
developed in the cases where thiocyanic hydrolysis does not readily 
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occur ; but even here, as might be expected, with caustic alkalis, and 
especially in presence of ionising solvents, the thiocyanic behaviour 
may be very well marked. 

In cases where a nitrogenous base is disposed to cause the thio- 
cyanic decomposition of a thiocarbimide, increase of the temperature 
of interaction is a most potent factor in hindering it, and deter- 
mining additive, or thiocarbimidic, change instead ; why this should 
be, we do not know. 

In conclusion, another curious point may be noted. A _ hydro- 
carbon thiocarbimide, X*NCS, may be united with a similar base, 
Y°NH,, the corresponding combination of Y-NCS with X-NH, being 
equally practicable. On the other hand, if X is an acyl group and 


_ ¥ an aryl, reaction occurs readily enough, whereas the combination 


of a hydrocarbon thiocarbimide with an amide, such as acetamide, 
seems impossible to be accomplished. But if the arylthiocarbimide 
be first combined with ammonia, the resultant thiocarbamide, 
X*NH-CS-NH,, 
may ultimately be converted by an acylogen or an acid anhydride 
into the disubstituted thiocarbamide. It is noteworthy, however, 
that in neither of these two latter actions is the conversion direct, 
the acyl group migrating at least once, and it may be twice, in the 
new molecule before the symmetrical configuration is attained. 
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LXV.—The Relation between Unsaturation and Optical 
Activity. Part Il. Alkaloid Salts of Corre- 
sponding Saturated and Unsaturated Acids. 


By Tuomas Percy Huixpirtcu. 


In Part I of this series (Trans., 1908, 93, 1) it was shown that in 
the case of menthyl and bornyl esters of 8-phenylpropionic, cinnamic, 
and phenylpropiolic acids the ethylenic esters possessed greater optical 
activity than the saturated compounds, whilst the acetylenic deriv- 
atives, on the other hand, showed less optical activity than even the 
latter. It also appeared that the effect of unsaturation was modified 
by the constitution of the optically active part of the molecule, and, 
in order to throw more light on this point, esters of a series of fatty 
acids are being prepared. The examination of these is not yet 
complete, but in the meantime a number of salts of these various 
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acids with certain optically active alkaloids has been investigated, 
and the results obtained show clearly that the effect of unsaturation 
varies, not only with the optically active part of the molecule, but 
also with the type of acid used. 

Compounds of the alkaloids do not seem to have been used very 
extensively in work of this nature, possibly because of the com- 
plicated structure of such bodies, but many of them possess a large 
rotatory power and thus are very suitable for the purpose. Minguin 
(Compt. rend., 1905, 140, 243) has investigated the effect of the 
addition of equivalent amounts of many organic acids on the activity 
of a solution of strychnine in a mixture of benzyl and ethyl alcohols. 
Amongst these are succinic, maleic, fumaric, and butyric and crotonic 
acids, and in these cases the ethylenic acid exerted a larger effect on 
the rotatory power. 

The alkaloids used in the work now described were brucine, coniine, 
codeine, and cinchonine, and the rotatory powers of the salts of 
these with f-phenylpropionic, cinnamic, and phenylpropiolic, and 
succinic, maleic, fumaric, and acetylenedicarboxylic acids have 
been measured, It is a well-known rule that such salts, if examined 
in aqueous solution, show a rotation which tends to a constant value 
for each alkaloid (Oudemans, Annalen, 1876, 182, 33, 58), but by 
measuring the optical activity in non-ionising media it is possible to 
obtain the rotatory power due to each individual salt. The solvent 
generally used was dry chloroform ; in a few cases it was necessary to 
have recourse to alcohol or acetone, but, as a rule, the salts were 
sufficiently soluble in the first-named solvent. 

The rotation of each salt when dissolved in water has also been 
measured ; the molecular rotations found are not by any means the 
same for a given alkaloid, and do not, as a rule, agree well with those 
previously determined from the salt of the alkaloids and a strong 
acid, such as hydrochloric or nitric acid. It should be mentioned, 
however, that salts of the alkaloids and weak organic acids have not 
been investigated from this point of view, and it is possible that, as 
discussed later, hydrolysis of the salts takes place and that. this 
introduces a disturbing factor into the problem. 

The opportunity has been taken to observe the relative effects of 
the maleinoid and fumaroid forms of ethylenic dicarboxylic acids on 
optical activity. Walden (Zeitsch. physikal. Chem., 1896, 20, 377) 
observed that in the case of the diamyl esters of fumaric and maleic, 
chlorofumaric and chloromaleic, and bromofumaric and bromomaleic 
acids, the fumaroid form possessed the greater rotatory power, but 
Hartwall (Diss., Helsingfors, 1904) found the reverse rule to hold for 
the acid and neutral bornyl esters of fumaric and maleic acids, 
although with both menthyl and borny! acid, citraconates, and 
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mesaconates the fumaroid esters possessed greater optical effect, 
Hence it would appear that in this case, also, no absolutely fixed rule 
covers all conditions, and the data now afforded by these alkaloid 
salts must therefore be of interest. 

The brucine salts were prepared by mixing equivalent quantities of 
base and acid in boiling water, filtering, and cooling. As a rule, the 
compounds separated at once on cooling in magnificent crystals, but in 
one or two cases it was found advisable to evaporate the solution 
to a syrup and cover with ether, when crystallisation set in at once, 
The salts were sufficiently pure after one recrystallisation from water. 

The coniine, codeine, and cinchonine salts did not separate so well 
from water, and were prepared by mixing equivalent amounts of the 
constituents in chloroform and evaporating in a vacuum at the 
ordinary temperature. In this way, most of the salts were obtained 
crystalline at once, but a few of them solidified only with difficulty. 

The rotations were measured in a 2-dem. polarimeter tube, and, 
where pos~ible, at three concentrations (approximately 4, 2, and 
1 per cent.) in each solvent used. In a few cases, however, the 
maximum concentration possible was less than | per cent. 

The optical activity of each alkaloid used was measured previous to, 
and after use in, the experiments ; an account of these, together with 
a brief description of the properties of the salts, will now be given. 


I. Brucine Salts. 


The brucine used for these experiments melted at 178° before use, 
and at 179° after recovery from the salts, and its optical activity 
when tested in dry chloroform solution was as follows: 


Percentage Before use. After use. 
concen- <— S se mm 
tration. Temp. a. [a]p. [M]p. Temp. a. [a]p. {M]p. 
i 23° -9°76 -1220 -480°7 26° -9'42 -117°75 —463°8 
2 . , 486 121% 4786 » «=—s4°72—s«d180 «464-9 
1 » 2°40 1200 472°9 5» «= «s250s«d25°0 = 4925 


Brucine B-Phenylpropionate, C,,H,,0,N.,CyH,,0,,3H,0. 


Thin prisms, sparingly soluble in water, readily so in alcohol, 
melting at 90° (hydrated salt) : 

00996 anhydrous salt gave 0°2584 CO, and 0:0587 H,O. C= 70°76 ; 

H=6 55. 

02373 anhydrous salt required 4°40 c.c. V/10 KOH. ©,H,,0, = 27°82. 
C,,H,,0,N, requires C=70'59 ; H=6-62 ; C,H,,0O,=27°57 per cent. 

0:2609 hydrated salt lost 0°0236 at 100°. H,O=9-05. 

O,,H,,0,N,,3H,O requires H,O = 9°02 per cent. 
(The salts were titrated by adding a known volume of standard 


_— YF CW met + 
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potassium hydroxide, shaking with chloroform to remove brucine, and 
then titrating back the aqueous layer with standard acid) : 


Percentage 
Solvent. concentration. Temp. a. [a]p. [M]>. 
Chloroform ......... 3°64 19° —2°78 — 38°19 — 207°7 
os eee 1°82 19 1°40 38°46 209°2 
ries eget Chas 3 0-91 19 0°70 38°46 209-2 
Wat 53... ims 0°91 19 — 0°46 — 25°27 — 137°5 


Brucine Cinnamate, C,,H,,0,N,,C,H,0,.,3H,0. 


This salt, prepared from synthetic cinnamic acid, crystallised in 
small tablets, slightly soluble in cold water, and readily so in alcohol. 
The hydrated salt melted sharply at 113°. No signs of other salts, 
such as those mentioned by Erlenmeyer, jun. (Ber., 1905, 38, 3499; 
1906, 39, 285, 1570), were observed, and, since the compound obtained 
nelts at the same temperature as that referred to by Marckwald and 
Meth (Ber., 1906, 39, 1171) as containing one molecule of alcohol of 
crystallisation, it is probable that both compounds become anhydrous 
before reaching the melting point : 

0°1329 gave 0°3134 CO, and 0:0846 H,O. C=64:31; H=7-07. 

0°1517 lost 0°0142 at 100°. H,O=9°36. 

C,,H,,0,N,,3H,O requires C= 64°43; H=6'71; H,O=9-06 per cent. 

0:1375 anhydrous salt required 2°61 c.c. V/10 KOH. C,H,O0, = 27°99. 

C,,H,,0,N, requires C,H,O, = 27°31 per cent. 


Percentage 


Solvent. concentration. Temp. a, [a]p- [M]p. 
Chloroform _........ 3°64 18° — 0°85 — 11°68 — 63°3 
i (aimee 1°82 18 0 50 13°74 74°5 

wy | 1! Swehenee 0°91 18 0°32 17°58 95°4 
WAGER incecissneasenecs 0°91 19 — 0°34 - 18°68 -101°3 


Brucine Phenylpropiolate, C,,H,,0,N.,C,H,0,.,2H,0. 


Short, slender needles, contracting at 100—110°, and melting with 
decomposition at 155°: 
0:0995 gave 0°2435 CO, and 0°0577 H,O. C=66°82; H=6:45. 
0:1042 lost 0°0064 at 100°. H,O=6:14. 
C,.H,,0,N,,2H,O requires C = 66°67 ; H=6°25 ; H,O=6:25 per cent. 
0°1956 anhydrous salt required 3°70 c.c. V/10 KOH. C,H,0, = 27°63. 
C,,H,,0,N, requires C,H,O, = 27°04 per cent. 


Percentage 
Solvent. concentration. Temp. a. [a]p. {M},. 
Chloroform ......... 3°75 19° = + 0°25 + 3°33 +18°0 
ep eT D> 1°88 19 0°12 3°20 \ 278 
ikanatehs 0°94 19 0°05 2°67 14°4 


Within inches 0°94 19 -043 +2994 >. -128:8 
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Brucine Hydrogen Succinate, C,,H,,0,N.,C,H,O,, 2H,0. 


White needles, fairly soluble in water, very sparingly so in organic 
solvents, melting with decomposition at 218°: 
01994 gave 04296 CO, and 0°1220 H,O. C=58°'75; H=6°80. 
0°2118 lost 0°0136 at 100°. H,O=6°42. 
C,,H,,0,N,,2H,O requires C=59'12; H=6°57 ; H,O=6°57 per cent. 
0-1982 anbydrous salt required 7°55 c.c. V/10 KOH. C,H,O,= 22°48, 
C,,H,,0,N, requires C,H,O, = 23°04 per cent. 


Percentage 
Solvent. concentration. Temp. a. [a]p. [M],. 
Chloroform ......... 0°47 25° -0°22 ~— 23°40 -119°9 
MENON Fas Sa diciin docs 0°47 25 — 0°30 — 31°92 —163°4 
NE shed incosinades 3°74 24 — 2°08 — 27°81 —142°4 
ak Aaibaebagiad te} 1°87 24 1°00 26°74 137°0 
oh” Mepndbirnaneeess 0°94 24 0°46 24°60 126°0 


Brucine Hydrogen Maleate, C,,H,,0,N,,C,H,0,,4H,0. 


White, glistening crystals, sparingly soluble in all solvents, 
decomposing at 240—245° : 

0°1453 gave 0°3307 CO, and 0°0810 H,O. C=62:°05 ; H=6:19. 

0°3333 required 13-00 c.c. V/10 KOH. C,H,O,= 22°60. 
C,,H,,0,N,,4H,0 requiresC = 62°41; H=5:'97; C,H ,O, = 22°35 percent. 


Percentage 
Solvent. concentration. Temp. a. [a], [M]>. 
Chloroform ......... 0°49 25° +0°06 +6°12 +31°2 
TPE ~ pacackiecs abe 0°98 25 — 0°48 — 24°49 —124°9 


Brucine Hydrogen Fumarate, C,,H,,0,N,,C,H,0,,2H,0. 


White prisms, insoluble in chloroform, sparingly so in other 
solvents, melting at 189° : 
0°1140 gave 0°2490 CO, and 0:0621 H,O. C=59'57; H=6°05. , 
0°2022 lost 0°0057 at 100° and required 7°40 cc. W/10 KOH. | 
H,O = 2°82 ; C,H,0, = 21°22. 
C,,H,,0,N,,2H,O requires C=59°34; H=6:23; 1H,O=3°29 ; 
. C,H,0,= 21°24 per cent. 


Percentage 
Solvent. concentration. Temp. a. [a]o- [M]p. 
PID ksiiaxs xégndvnce 0°47 23° = + 0°10 +10°69 +54°5 
MN cxihecncexsesus 1°87 24 — 0°93 — 24°86 -— 126°9 
irk ~Pohite ip aeinines 0°94 24 0°47 25°14 128°2 


Brucine Hydrogen Acetylenedicarboxylate, C,,H,,0,N,,C,H,0,,33H,0. 


_ White, crystalline powder, fusing at 90°, solidifying again, and 
finally melting with foaming at 165° : 
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0°1360 gave 0°2842 CO, and 0:0791 H,O. C=56:99; H=6-46. 
0:2058 lost 0°0221 at 100° and required 7°05 c.c. V/10 KOH. 
H,O=10°74; C,H,O, = 19°53. 
C,,H,,0,N,,3$H,O requires C=56°74 ; H=6:12; H,O=11°03 ; 
C,H,O,=19-97 per cent. 
Percentage 


Solvent. concentration. Temp. a. [a]p. [M]> 
Chloroform ......... 0°47 27° = - 0°05 — 5°36 ~—27'2 
RIGO sviiidsssdssscous 0°47 27 -— 0°03 ~— 3°22 —16°4 
WEE Seaeccr 3°73 25 -1°12 -— 15°02 -—76°3 

PaaS ta 1°87 25 0°77 20°65 104°9 

0°93 25 0°35 18°77 95°4 


Brucine Succinate, (C,,H,,0,N.,),,C,H,O0,,7H,0. 


Clusters of needles, soluble in water and chloroform, very sparingly 
so in acetone and alcohol, melting at 151°: 
0'1511 gave 0°3209 CO, and 00993 H,O. C=57:92; H=7:30. 
0°3681 lost 0°0473 at 100° and required 7:20 cc. V/10 KOH. 
H,O=12°85 ; C,H,O,=11°54. 
C5)H;s0;.N,,7H,O requires C=58'14; H=6:98 ; H,O=12°21 ; 
C,H,O,= 11°43 per cent. 


Percentage 
Solvent. concentration. Temp. a. [a]p. [M]p. 
Chloroform ......... 4 23° — 5°50 — 68°75 — 622°9 
Pe Sonemhees 2 23 2°93 73°25 663°6 
a - Senate 1 23 1°51 75°50 683°9 
Wale: . sciccos pecs 4 25 — 2°70 — 33°75 — 305°8 
(a. eansaaaeteeense 2 25 1°35 33°75 305°8 
1 25 0°64 32°00 289°9 


Brucine Maleate, (Cp3H,0,N »).,0,H,0,,75H,0. 


Quill-like crystals, fusing at 100—105°, resolidifying, and finally 
melting at 181°: 
0°1811 gave 0°3828 CO, and 0:1144 H,O. C=57°65; H=7:°02. 
0:1778 lost 0°0227 at 100°. H,O=12°76. 
C;H;,0,.N,,7$H,O requires C =57°77; H= 6°83 ; H,O= 13-09 per cent. 
0:1551 anhydrous salt required 3°50 c.c. V/10 KOH. C,H,0,= 13°09. 
C;9H;,0,.N, requires C,H,0, = 12°83 per cent. 


Percentage 
Solvent. concentration. Temp. a. [a]p. [M]p. 
Chloroform ......... 1°74 24° — 2°20 — 63°22 — 571°5 
Pies BE 0°87 24 1:07 61°51 556-0 
WOMBE: ces dvvasciconts 3°48 23 - 3°13 — 44°97 — 406°5 
em | .deentesenogende 1°74 23 1°48 42°53 384°5 
cewincenacnuen 0°87 23 0°73 41°96 379°3 
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Brucine Fumarate, (C.,H,,0,N,).,C,H,0,,6H,0. 


White needles, sparingly soluble in alcohol and acetone, more 
soluble in chloroform and water, melting at 174°: 
01071 gave 0:2330 CO, and 0:0660 H,O. C=59°33; H=6°85. 
0°1626 lost 0°0169 at 100° and required 3:1 c.c. W/10 KOH. 
H,0=10°40; C,H,O,=11°06. 
OHO). 6H, O requires C=59°30 ; H=6'72; H,O=10°67 ; 
C,H,0, = 11°46 per cent. 


Percentage 
Solvent. concentration. Temp. a. [a]p. [M]}. 
Chloroform ......... 1°79 24° -2:20 — 61°45 — 555°5 
ia eS: 0°90 24 1°12 62°58 565°7 
IEE tdasoss.casecce 1°79 22 ~ 1°25 — 34°91 — 315°6 
EO Ts -abeaibdcaswnige 0°90 22 0°62 34°64 313°2 


Brucine Acetylenedicarboxylate, (C,,H,,0,N.,).,C,H,O,,10H,0. 


Small, white crystals, sparingly soluble in alcohol and acetone, readily 
so in chloroform and water. The hydrated salt melts at 105—106°, 
and the anhydrous salt at 169°. After drying at 100°: 
0°1402 gave 0°3367 CO, and 0°0766 H,O. C=65'49; H=6-07. 
0°1637 required 3°70 cc. V/10 KOH. C,H,O,=12°88. 
C;)H,;,0,.N,,H,0 requires C = 65:22; H=6°09;C,H,O,=12°39 percent. | 
0'3557 hydrated salt lost 0°0514 at 100°. H,O=14°45. 
C,;,H;,0,.N,,10H,O requires 9H,O = 14°97 per cent. 


Percentage 
Solvent. concentration. Temp. a. [a]p. [M]p. 
Chloroform ......... 3°34 23° — 4°12 — 61°67 — 556°3 
ees ee 1°67 23 2°34 70°06 632°0 
i, 86S. saree dainnts 0°84 23 117 70°06 632°0 
IN iatoncsiedesce 3°34 22 — 2°00 — 29°93 —270°1 
eg eh Pare 1°67 22 1°00 29°93 270°1 


eer oo ansr see er 0°84 22 0°48 28°74 259°2 


II. Conitine Salts. 


The coniine used boiled at 166°, and its rotatory power in chloroform | 
solution, before use and after recovery from the salts, is given below: | 


Percentage Before use. After use. 
concen- - = , 
tration. Temp. a. [a]o. [M]p. Temp. a. [e]>. [M]p. 
4 27° +0°64 +8°00 +10°16 23° +0°61 +7°63 +9°69 
2 27 0°34 8°50 10°80 23 0°30 7°50 8°27 


1 27 9°18 9°90 11°43 23 0°17 8°50 10°80 


~ OS 
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Coniine B-Phenylpropionate, C,H,,N,C,H,,0,. 
Very small, deliquescent, cubical crystals : 


0:1558 gave 0°4186 CO, and 0°1318 H,O. C=73:26; H=9-40. 
C,,H,,0,N requires C=73°64 ; H=9°75 per cent. 


Percentage 
Solvent. concentration. Temp. a. [a]. [M]p. 
Chloroform ......... 4 27° = - 0°15 - 1°87 - 5:18 
aS 2 27 0°07 1°75 4°85 
eh BS ATS 1 27 0°04 2:00 554 
WOMGE > sé camarsces ee 4 24 +0°20 + 2°50 + 6°93 


Coniine Cinnamate, C,H,,N,C,H,O,. 


Slender, white needles, melting at 82—83°, soluble in water and 


organic solvents : 
0'1313 gave 0°3576 CO, and 0:1059 H,O. C=74:27; H=8:96. 
C,,H,,0,N requires C=74'18 ; H=9-09 per cent. 


Percentage 
Solvent. concentration. Temp. a. [a], [M]p. 
Chloroform .......... 4 22° - 0°60 ~7°50 — 20°6 
i O:”:t*«é kee 2 22 0°30 7°50 20°6 
one 1 22 0°17 8°50 23°4 
Wee case 4 24 +0°14 +1°75 + 4°8 


Coniine Phenylpropiolate, C,H,,N,C,H,0,. 


Stout prisms, soluble in most solvents, melting at 107°: 
0'1798 gave 0°4955 CO, and 0°1403 H,O. C=75:13; H=8°67. 
C,,H,,0,N requires C= 74°73 ; H =8°46 per cent. 


Solvent. concentration. Temp. a. [a]. [M]p. 
Chloroform ......... 21 - 0°57 -7'12 -—19°4 
ia 2 21 0°27 6°75 18°4 

is 1 21 0°14 7-00 19°1 
WON Sesccducincesss 4 24 +0°08 +1°00 +2°7 


Coniine Succinate, (C,H,,N),,0,H,0,. 
Feathery needles deposited very slowly from a viscous oil : 


0°1265 gave 02980 CO, and 01201 H,O. C=64:24; H=10°54. 
CoyH ON, requires C= 64:52 ; H=10°75 per cent. 


Percentage 
Solvent. concentration. Temp. a. [a]. [M]o. 
Chloroform ......... 4 22° +0°41 +5°12 +19°0 
os seeguoaud 2 22 0°20 5°00 18°6 
. ASE SON 1 22 0°10 5°00 18°6 
WHEE cee cedscncoras 1 24 +0°12 +1°50 +5°6 
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Coniine Maleate, (C,H,,N),,C,H,0,. 


Small, deliquescent prisms, readily soluble in organic solvents : 
0°1404 gave 0:°3320 CO, and 0:1300 H,O. C=64:48; H=10°34. 
C,.H,,.0,N, requires C = 64°86 ; H=10-27 per cent, 


Percentage 
Solvent. concentration. Temp. a. [a]. [M]p. 
Chloroform ......... 4 18° = + 0°35 + 4°38 +16°2 
ee ay 2 18 0°19 4°75 17°6 
‘ae - — “wednavevs 1 18 0°09 4°50 16°6 
TED dss statedatioce 4 24 +0°'16 +2°00 +7°4 


Coniine Fumarate, (C,H,,N),,C,H,O,. 


Deliquescent crystals, soluble in most ordinary solvents : 
0°1701 gave 0°4040 CO, and 0:1600 H,O. C=64:79; H=10-46. 
C,)H,,0,N, requires C= 64°86 ; H = 10-27 per cent. 


Percentage 
Solvent. concentration. Temp. a. [a]». [M]>. 
Chloroform ........ 4 22° _-+0°32 +4°00 +14°8 
en). gee 2 22 0°17 4°25 15°7 
Be Ss Bee ee 1 22 0:09 4°50 16°6 
WE cissncdigavines 4 24 +0°14 +1°75 +6°5 


Coniine Acetylenedicarboxytate, (C,H,,N),,C,H,0,. 


Long, colourless needles, ‘readily soluble in organic solvents : 
0°1226 gave 02905 CO, and 01117 H,O, C=6462; H=10:12. 
CyoH,,0,N, requires C = 65°22 ; H=9°78 per cent. 


Percentage 
Solvent. concentration. Temp. a. [a]o. [M]p. 
Chloroform ......... 4 22° +-0°27 +3°37 +12°4 
a Mee 2 22 0°14 3°50 12°9 
a” i pers, 1 22 0:08 4:00 14°7 
WEEE wseccectancsess 4 24 +0°08 +1°00 +3°7 


Ill. Codeine Salis. 


The specimen of codeine used melted at 154° before use, and at 
153—154° after recovery from the salts; its optical rotatory power 
was measured as usual in dry chloroform solution : 


Percentage Before use. After use. 
concen- - Sl ~ 
tration. Temp. a. [a]o. {[M],. Temp. a. [a]p. [M]}p. 
4 23° —9°25 -115°63 -—366°6 22° -9'12 -114:°00 -361°4 
2 23 4°50 112°50 856°7 22 4°46 111°50 353°5 


1 23 2°33 = 116°50 369°3 22 2°31 115°50 365°1 
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sparingly so in ether : 


Codeine B-Phenylpropionate, C,,.H,,O,N,C,H,,0.,. 


White, prismatic crystals, readily soluble in chloroform and water, 


0:0943 gave 0°2492 CO, and 0°0600 H,O. C=72:07; H=7:07. 


Percentage 
Solvent. concentration. Temp. a. [a]p. 
Chloroform ......... 4 24° — 5°15 — 64°37 
a deal 2 24 2°57 64°25 
ft 1 24 1°27 63°35 
Watt isc cdthekaa H 22 -1°'76 — 88°00 


Codeine Cinnamate, C,,H,,O,N,C,H,0,. 
Clusters of white crystals, melting at 50°: 


Percentage 
Solvent. concentration. Temp. a. [a]p. 
Chloroform ........ 4 23° — 4°13 — 51°63 
‘cea? 2 a 2 23 2°08 52°00 
a: aetdeuests 1 23 1°05 52°50 
WO scsscscnnreves 1 22 — 1°50 — 75°00 


Codeine Phenylpropiolate, C,.H,,O,N ,CyH,gQ,. 


Hard, white prisms, melting at 63°: 


C,,H,,0;N requires C= 72°16 ; H=6-91 per cent. 


[M].. 
— 289-0 
288°4 
284°4 
~395°1 


0:0954 gave 0°2553 CO, and 0°0595 H,O. C=72'95; H=6°93. 
C,,H,,0;N requires C= 72°47 ; H=6-49 per cent. 


[M]>. 
— 230°7 
232°5 
234°7 
— 335°3 


0:1377 gave 0°3701 CO, and 0:0806 H,O. C=73:28; H=6:50. 
C.,H,,0,;N requires C= 72°80 ; H=6:07 per cent. 


Percentage 
Solvent. concentration. Temp. a. [a]. [M]p. 
Chloroform ......... 4 23° = — 4°08 - 51°00 — 227°0 
rs ee 2 23 1°99 49°75 221°4 
iti‘ 1 23 1°01 50°50 224°8 
WORE ch essiben anes 1 22 - 1°52 — 76°00 — 338°3 

Codeine Succinate, (C,,H,,0,N),,C,H,O,. 
it White needles, melting at 79—80°: 
J 0'1346 gave 0°3307 CO, and 0°0787 H,O. C=67°01; H= 6°50. 
Cy 9H ,,0,9N, requires C=67°04 ; H=6°70 per cent. 

Percentage 
Solvent. concentration. Temp. a. [a]. [M]>. 
Chloroform ......... 4 23° -7°02 — 87°75 — 628°3 
se celal 2 23 3°50 87°50 626°5 
ao ccna see 1 23 1°80 90°00 644°4 

oy So Ree ere oe 1 2°06 -—103°00 ‘ 
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Codeine Maleate, (C,,H,,0O,N).,C,H,O,. 


Deliquescent, colourless crystals, becoming semi-liquid on exposure 
to air : 
0°1192 gave 0:2944 CO, and 0:0706 H,O. C=67:35; H=6°58. 
C,)H,,0,).N, requires C= 67:22; H=6-44 per cent. 


Percentage 
Solvent. concentration. Temp. a. [a]p-. [M]p. 
Chloroform ......... 4 2 ~ 6°46 - 80°75 — 576°6 
a 2 22 3°22 80°50 574°8 
eee a 1 22 1°60 80°00 571°2 
WMD Sasa saeticaasess 1 25 — 1°86 — 93°00 — 664°0 


Codeine Fumarate, (C,,H,,0,N),.,C,H,0,,44H,0. 


White, crystalline flakes, sparingly soluble in alcohol and water, 
melting when hydrated at 95°: 
0°1804 gave 0°4004 CO, and 0:1210 H,O. C=60°52; H=7-45. 
C,,H,,0,.N.,.44H,0 requires C= 60°37 ; H= 6-92 per cent. 


Percentage 
Solvent. concentration. Temp. a, [a]. [M]>. 
Chloroform ......... 4 22° — 6°52 — 81°50 — 5819 
ee 2 22 3°25 81°25 580°1 
ant - i dada dena 1 22 1°66 83°00 592°6 
ME edu pittcvins we 1 22 -— 1°80 — 90°00 — 642°6 


Codeine Acetylenedicarbouylale, (C,,H,,O,N),,C,H,O,,6H,O. 


White prisms, melting when hydrated at 68°: 
0°1904 gave 0:4090 CO, and 0:1112 H,O. C=58:59; H=6°49. 
C,9H,,0,,N,,6H,O requires C=58°53 ; H =6'83 per cent. 


Percentage 
Solvent. concentration. Temp. a. [a]. [M]p>. 
Chloroform ......... 4 22° - 6°13 — 76°62 — 545°5 
i - ~Ot«é(U ews 2 22 2°95 73°75 525°1 
ee roe 1 22 1°36 68°00 484°2 
Water 1 22 -1'75 — 87°50 — 623°0 


IV. Cinchonine Salts. 


This alkaloid melted at 257° before, and at 253°5° after, use in the 
preparation of the salts required. Its rotatory power in alcohol 
solution was: 


Percentage Before use. After use. 
concen- - - 
tration. Temp. a. [a]p. [M],. Temp. a. [a]p. [M]>- 


0°5 23° +2°22 «4+222°0 +652°7 22° +2°17 «+2170 +638°0 


re 


rr, 


101 
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Cinchonine B-Phenylpropionate, C,,H,,ON,,(CyH,,0,)>- 
This salt did not crystallise readily, but solidified to a horny mass : 


01353 gave 0 3723 CO, and 00894 H,O. C=75:05; H=7°34. 
Cy,H,,0,N, requires C=74°75 ; H=7-07 per cent. 


Percentage 
Solvent. concentration. Temp. a. [a]. [M],. 
Chloroform ......... 4 23° +9°30 +116°25 + 690°5 
pial it 8. es 2 23 4°82 120°50 715°7 
or. Nee beens 1 23 2°50 125°00 742°5 
Water .... * 0°5 23 +0°98 +98°00 + 582°1 


Cinchonine Cinnamate, C,,H,,ON,,(C,H,0,).. 


Small, hard needles, melting at 129°: 
0-1542 gave 0-4248 CO, and 0-:0882 H,O. O=75-11; H=6-35, 
C,,H,,0;N, requires C=75:25 ; H=6-44 per cent. 


Percentage 
Solvent. concentration. Temp. a. [a]p. [M]). 
Chloroform .. ...... 4 23° =+8'60 3=6+ 10750 + 634°5 
ne ore 2 23 4°34 108°50 640°3 
ae bec haan 1 23 2°43 121°50 716°8 
WO as ices 05 23 +1°17 +117°00 + 690°3 


Cinchonine Phenylpropionate, C,,H,,ON,,(C,H,0,).. 


This salt also resisted crystallisation and appeared as a horny mass : 


0°1194 gave 0°3316 CO, and 0:0662 H,O. C=75°73; H=6°16. 
C,,H,,0,;N, requires C=75°77 ; H =5:80 per cent. 


Percentage 
Solvent. concentration. Temp. a. [a]p. [M]p. 
Chloroform ......... 4 23° = + 6°88 86°00 +504°0 
4 ecm 2 23 3°70 92°50 542°0 
99 dibdad sae 1 23 2°00 100°00 586°0 
WOES aid ca ceanss ie 0°5 23 +0°92 +92°00 +539°1 


Cinchonine Succinate, C,,H,,ON,,C,H,0,,35H,0. 


White, feathery crystals, which commence to foam at 82—84° and 
melt to a clear liquid at 110°: P 
0°1324 gave 0°2830 CO, and 00872 H,O. C=58°28 ; H=7°32. 
C,,H,,0;N,,33H,O requires C=58'11 ; H=7-36 per cent. 


Percentage 
Solvent. concentration. Temp. a. [a].. [M]> 
Chloroform ......... 4 22° +12°72 +159°00 +655 1 
a oe 2 22 6°48 162°00 667 °4 
ss. , » ewbdecens 1 22 3°31 165 °50 681°9 
joa naeaesadases 0° 23 +1°40 +140°00 +576°8 
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Cinchonine Maleate, C,,H,,ON,,C,H,0,,4H,0. 


Small, compact crystals, charring at 144—146°: 
0°1327 gave 0°3203 CO, and 0°0802 H,O. C=65°82; H=6°71. 
C.,H,0,;N.,$H,O requires C = 65°88 ; H = 6°46 per cent. 


Percentage 
Solvent. concentration. Temp. a. [a]. [M]}. 
Chloroform ......... a 22° +9°42 = +117°75 + 482°8 
i — saxainses 2 22 4°78 119°50 490°0 
Ee Aon 1 22 2°50 125°00 §12°5 
POND cscrncavces.on 0°5 23 +143 +143°00 + 586°3 


Cinchonine Fumarate, C,,H,,ON,,C,H,0,,23H,0. 


White, cubical crystals, melting indefinitely at 172—175°: 


0°1140 gave 0°2548 CO, and 00745 H,O. C=6098; H=7:26. 
C.,H,,0;N.,2$H,O requires C= 60°66 ; H = 6°82 per cent. 


Percentage 


Solvent. concentration. Temp. a. [a]p. [M]>. 
Chloroform ......... 4 22° +11°65 +145°63 +697°1 
cp as 2 22 5°75 143°75 589°4 

ai peatland 1 22 2°80 140°00 574°0 
0 0°5 22 +1°39 +139°00 +569°9 


Cinchonine Acetylenedicarboxylate, C,,.H.ON,,C,H,0,,4H,0. 


White tablets, darkening at 180—183° : 
0°1073 gave 02282 CO, and 0:0660 H,O. C=57:99; H=6:83. 
C,,H,,0,N,,4H,O requires C=57:50 ; H=6°67 per cent. 


Percentage 


Solvent. concentration. Temp. a. [a]p- [M]>. 
Chloroform ... ..... 4 22° «+958 +119°75 +488 °6 
99 epee 2 22 5°08 127°00 518°2 

hil. ethamabetes 1 22 2°67 133°50 544°7 
WD obec ccditeacs 0°5 22 +1°37 =+137°00 +559°0 


The nature of the above results is better shown by the following 
table, which gives the specific rotation of each alkaloid used, together 
with the specific rotations of each salt measured under similar 


conditions. 
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It is thus readily seen that the unsaturated acids have invariably a 
greater effect than the saturated acids on the specific rotation of the 
combined alkaloid, but the effect caused by the presence of an 
acetylenic linking is not the same for all types of base or acid, and it 
appears that the change of rotatory power is dependent on the con- 
stitution of both constituents of the salt molecule as well as on the 
simple change of constitution due to increasing unsaturation. It was 
shown in Part 1 of this series (/oc. cit.) that, in the case of such 
compounds as these, the change of rotation is to be considered 
relatively to the original rotatory power of the optically active part of 
the molecule, and in the following table the different types of esters 
and salts examined are enumerated, together with the relative effect 
(“ least,” “intermediate,” “greatest’’) on the optical activity of the 
alcohol or base caused by each degree of unsaturation : 


Saturated. Ethylenic. Acetylenic. 


Amyl esters of the cinnamic, &c., series 
(Walden, Zeitsch. physikal. Chem., 1896, 


IE os sgh c2d Puc cat naessaiascatguaadivencenta Least Greatest Intermediate 
Coniine salts of the cinnamic, &c., series ... Pe = ~ 
Brucine ,, »» succinic, &., 4, «.. od aie ‘a 
Brucine, codeine, and cinchonine salts of 

the cinnamic, &c., series ..............2-seee0 Least Intermediate Greatest 
Coniine, codeine, and cinchonine salts of 

the succinic, &c., series ...........c.ceeeeee " oe i 
Menthy]l and borny] esters of the cinnamic, 

&e., series (Part I, loc. cit.)......0csccsseess Intermediate Greatest Least. 


Several interesting conclusions may be drawn from this and the 
preceding table; in the first place, the salts of cinnamic and pheny!- 
propiolic acids have specific rotations more widely removed from those 
of the alkaloids concerned than those of the salts of any of the other 
acids. The masses of the acids do not vary greatly, and the change 


of constitution is of exactly the same order as in the case of the | 


aliphatic acids, and the only apparent cause of the very large optical 
effect produced is that in both these acids there exist essentially two 
unsaturated groups in close proximity to one another, and to the 
optically active part of the molecule. Further experiments are in 
progress with the object of investigating this point, and, meanwhile, it 
is noteworthy that Walden (Joc. cit.) obtained a similar effect with 
these two acids in the case of the amy] esters. 

Besides the differences thus disclosed between the effects of different 
types of acids, there also exist well-marked differences depending on 
the basic part of the molecule. The order of effect of unsaturation 
for amyl esters of the cinnamic series of acids (Walden) and for 
coniine salts of the same series is the same, but differs from that 
observed in the case of brucine, codeine, and cinchonic salts. It is, of 


course, impossible to state the precise configuration of the latter, 
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alkaloids, but all three differ from coniine in being exceedingly com- 
plicated, whereas this compound is a simple saturated substance, con- 
taining only one asymmetric carbon atom; thus being more nearly 
comparable with amyl alcohol. The series of amyl esters of the 
succinic series of acids is incomplete, but it is proposed to prepare the 
esters of these acids with another simple optically active alcohol in 
order to see if the effect of unsaturation is the same in this case as 
with coniine. 

Lastly, the menthyl and bornyl compounds stand in an entirely 
different order from any of the others, and it is significant that these 
are derived from alcohols possessing a complicated stereochemical con- 
figuration, which, although precisely the same in both cases, is certain 
not to occur in any of the substances now investigated. 

With regard to the relative effect of maleic and fumaric acids, the 
values obtained in the present work, taken in conjunction with the 
previous investigations of Hartwall and of Walden (doc. cit.), tend to 
show that here, also, no simple rule holds, for different results have 
been obtained with the various bases used. 

The values of the molecular rotation of the salts in dilute aqueous 
solution lie almost without exception between that of the “alkaloid 
ion” (determined from the results obtained for salts, such as hydro- 
chlorides, by previous workers) and that of the alkaloid itself. It 
may therefore be said that the Oudemans-Landolt law is valid in all 
the cases observed, for, since the acids used are comparatively weak, 
hydrolysis of the salts and also incomplete dissociation into the 
constituent ions would be anticipated, and either of these conditions 
would, in general, give values for the optical rotatory power lying closer 
to that of the alkaloid itself than that of its ion ; indeed, it is notice- 
able that the values for the stronger acids approach more nearly to 


|| those for the ions to which reference has been made. 


The conclusions drawn from this part of the work may be 
summarised as follows : 

(1) The change in rotatory power of corresponding optically active 
saturated ethylenic and acetylenic compounds does not lie always 
in the same direction, but depends on the structure and configuration 
of the asymmetric part of the molecule, and, to a less extent, on the 
constitution of the rest of the molecule. 

(2) Series of similarly constituted substances, however, usually show 
change of activity in the same direction, and in ali cases the ethylenic 
compound possesses greater rotatory effect than the saturated compound. 

(3) Similarly, no definite rule can be given for the relative effect 
on optical rotatory power of the maleinoid and fumaroid forms of 
cis- and trans-stereoisomeric compounds ; this agrees with Hartwall’s 
observations (/oc. cit.). 
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(4) The Oudemans-Landolt law is probably correct in the case of 
alkaloid salts of weak acids, allowance being made for the effect due 
to hydrolysis and incomplete dissociation. 


The author’s best thanks are due to Prof. Collie, Dr. Smiles, and 
Dr. Stewart for continued interest and advice. 
THE ORGANIC CHEMISTRY LABORATORY, 


UNIVERSITY COLLEGE, 
LONDON. 


LXVI.—TVhe Action of Heat on a-Hydroxycarboxylic 
Acids. Part IV. Racemie aa'-Dihydroxyadipic 
Acid and meso-aa'-Dihydroxyadiic Acid. 


By Henry Ronpev Le Sueur. 


Tne results of the investigation of the action of heat on several 
a-monohydroxymonocarboxylic acids and on one aa-dihydroxy- 
derivative of a dicarboxylic acid (sebacic acid) have been already 
communicated to the Society (Trans., 1904, 85, 827; 1905, 8'7, 1888 ; 
1907, 91, 1365). 

Sebacic acid was, until recent years, the only higher member of the 
oxalic acid series available in large quantities, but the fact that cyclo- 
hexanone can now be purchased at a reasonable price, and that it 
yields adipic acid on oxidation with potassium permanganate, has 
enabled the work to be extended to a-hydroxy-derivatives of this 
acid. 

The dibromoadipic acid, obtained by the action of bromine on the 
acid chloride, was readily converted into the corresponding hydroxy- 
derivatives by boiling an aqueous solution of its sodium salt. On 
attempting to purify the resulting product, it was soon recognised that 
it was not a homogeneous substance, but consisted of two hydroxy- 
acids, which were eventually obtained in a pure state by fractional 
extraction with acetone and repeated crystallisation from a mixture of 
acetone and chloroform. One of these aa’-dihydroxyadipic acids melts 
at 146°, and when heated readily loses water and gives a beautifully 
crystalline sublimate of its dilactone : 


Seas gen 
CO,H-CH(OH):[CH,],-CH(OH)-CO,H --> CO°CH-[CH,],*CH:CO. 
| O.- | 


The other aa’-dihydroxyadipic acid melts at 174°, and when heated 


loses water, but no trace of a sublimate is formed, and the resulting | 


i. te eek th ClO 
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and 
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product consists of the lactone-lactide of the acid. This compound 
may be regarded as resulting from two distinct decompositions : first, 
the formation of a lactonic acid, 


C0,H-CH(OH)-[CH,],-CH(OH):CO,H —> 
O l 
CO,H-CH-[CH,],-CH(OH)-CO, 


and then the union of two molecules of this substance, with loss of 
water and formation of a lactone-lactide : 


ewe, areas 
2C00,H-CH-[CH,],-CH(OH):CO —> 


O O 
00,H-CH-[CH,}"CH-60 C0-CH-[CH,}CH(OH)-C0. 

In the previous communications (loc. cit.) relating to this investiga- 
tion, it was shown that a-monohydroxy-acids, of which the above 
lactonic acid may be regarded as an example, readily form lactides 
when heated at about 200°. 

Since aa’-dihydroxyadipic acid contains two asymmetric carbon 
atoms, the existence of a racemic and meso-variety was to be expected. 
The fact that totally different products are obtained on heating the 
two acids, led to a closer examination of the space formule of these 
substances. 

If we consider the space formula of a ravemic aa-dihydroxyadipic 
acid, it will be seen that if one of the hydroxyl groups is directly 
above the carboxyl group with which it will form a lactone, then the 
other hydroxyl group will be directly below the other carboxyl group, 
and consequently a dilactone will be quite as easily formed as a 
monolactone. 

A similar consideration of the space formula of a meso-aa’-dihydroxy- 
adipic acid leads to a totally different result. In this case, if one of 
the hydroxyl groups be directly above the carboxyl group with which 
it will form a lactone, then the other hydroxyl group is not directly 
under a carboxyl group, but under a hydrogen atom. It will therefore 
be readily admitted that, whereas a monolactone can be formed easily 
from the meso-acid, the formation of a dilactone, if not an impossibility, 
is, at all events, very highly improbable : 


H H 
CO,H:C-0OH CO,H-C-OH 
[CH,], [CH], 
HO-C:CO,H H-0-C0,H 
H OH 
Racemic Acid. meso-Acid. 


Although the two CH, groups have not been taken into consideration, 
3 B2 
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this in no way affects the validity of the above deductions, in fact, the 
presence of these groups only renders the formation of a dilactone 
from the meso-acid all the more improbable. 

If the above arguments be correct, then the acid melt- 
ing at 146° and which easily forms a dilactone must be the racemic 
variety, and the acid which melts at 174° and yields a lactone-lactide 
but not a dilactone is the meso-acid. In order definitely to settle this 
point, both acids were submitted to the alkaloid method of resolving 
optically inactive compounds containing asymmetric carbon atoms, and 
the results obtained are in complete agreement with, and fully justify, 
the above conclusions. By fractional crystallisation of the cinchon- 
idine salt of the acid melting at 146°, it was resolved into its d- and 
l-forms, whereas a similar treatment of the meso-acid failed to pro- 
duce any trace of an optically active acid. In connexion with this 
resolution, it is interesting to note that the ammonium salt of the 
d-acid is strongly levorotatory. 

That the hydroxyl groups in both acids are attached to d-carbon 
atoms and not to B- or y-atoms is conclusively proved by the fact that 
both acids yield succinic acid when they are oxidised with potassium 
permanganate : 

CH,°CH(OH)-CO,H CH,°CO,H 
H,-CH(OH)-CO,H ~* OH,CO,H’ 

Rosenlew (Ber., 1904, 37, 2092) obtained two aa’-dihydroxyadipic 
acids, one melting at 173° and the other at 132—134°, and concluded 
from the melting points and the relative solubilities of these acids that 
the first was the racemic acid and the second the meso-variety. The 
results now described show that Rosenlew’s deductions are not corr2ct, 
and that his acid melting at 173° corresponds with the meso-acid (m. p. 
174°) mentioned in this paper, and the acid which he describes as melt- 
ing at 132—134° is undoubtedly the impure racemic acid. 


EXPERIMENTAL. 
Preparation of aa'-Dibromoadipic Acid. 


One hundred and fifteen grams of adipic acid (m. p. 148-5—150°), 
obtained by the oxidation of cyclohexanone with potassium perman- 
ganate in alkaline solution, were converted into the acid chloride by 
the action of phosphorus pentachloride ; 280 grams of dry bromine 
were gradually added to the resulting acid chloride, and the mixture 
heated on the water-bath until the whole of the bromine had dis- 
appeared. The resulting liquid bromo-acid chloride was gradually 
poured into 450 c.c. of formic acid (sp. gr. 1:20), and, when the some- 
what violent reaction had subsided, the product was heated on the 
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water-bath for half an hour; on cooling, 234 grams (theory, 239 
grams) of the dibromo-acid, melting at 180—182°, crystallised out. A 
small quantity was recrystallised from formic acid (sp. gr. 1°22) until 
its melting point was constant, when it was obtained in prismatic 
needles melting at 192—193°, a melting point which agrees with 
that of one of the dibromoadipic acids prepared by Rosenlew (Ber., 
1904, 3'7, 2091) : 


01618 gave 0'2016 AgBr. Br=53-0. 
C,H,O,Br, requires Br =52°6 per cent. 


Preparation of Racemic aa'-Dihydroxyadipice Acid and 
meso-aa'-Dihydroxyadipic Acid. 


One hundred and nineteen grams of dibromoadipic acid (m. p. 
180—182°) were added to 600 c.c. of water, neutralised with sodium 
hydroxide, and the resulting solution boiled under a reflux apparatus 
for three hours, at the end of which time the solution was strongly 
acid. It was again neutralised with sodium hydroxide and boiled for 
a further three hours. If at the end of this second period the solution 
is still neutral, this indicates that the reaction is completed, otherwise 
it must be neutralised again and boiled for three hours more. The hot 
solution of the sodium salt was added to an excess of a hot solution of 
copper sulphate, and the whole allowed to remain overnight, when 
the copper salt gradually separated in a crystalline form; it was 
filtered, washed free from sodium bromide, and decomposed with 
hydrogen sulphide. The filtrate obtained after removal of the copper 
sulphide was evaporated to dryness on the water-bath, powdered, and 
thoroughly dried over sulphuric acid in a vacuum. 

The two isomeric aa’-dihydroxyadipic acids which constitute the 
residue were separated as follows: 82 grams of the finely-powdered 
and dried residue were boiled with 250 c.c. of acetone and filtered, and 
this process repeated five times, using 250 c.c. of acetone for each 
extraction. The undissolved residue (A), which melted at 165—166° 
and weighed 13 grams, consisted for the most part of the meso-acid 
(see p. 722). 

The several filtrates were allowed to cool, and the six fractions 
which separated were filtered and their melting points determined. 
The filtrates obtained from these were concentrated to a small bulk, 
and another series of fractions obtained. These fractions, which 
melted at the same temperature, were mixed together and recrystal- 
lised from a mixture of acetone and chloroform until the melting point 
was constant, when the acid was obtained in aggregates of small plates 
melting at 146° (compare Rosenlew, Joc. cit.) : 
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01372 gave 02020 CO, and 0:0718 H,O. C=40:15; H=581. 
C,H,,0, requires C= 40°45 ; H=5-62 per cent. 

r-aa -Dihydroxyadipic acid is very soluble in water or alcohol, 
sparingly so in boiling acetone, and insoluble in ether, chloroform, 
light petroleum, or benzene. When heated, it loses water and the 
corresponding dilactone is formed. The molecular weight was 
determined by titration with 1/10 sodium hydroxide, using phenol- 
phthalein as indicator : 

01812 required 20°16 c.c. V/10 NaOH. M.W.=179°6. 

A dibasic acid, C;H,,0,, requires M.W. = 178. 

The silver salt was prepared by adding a hot solution of the 
ammonium salt to a hot solution of silver nitrate, when, on 
remaining for some time, a crystalline precipitate was obtained : 

0°'2084 gave 0'1142 Ag. Ag=54°80. 

C,H,O,Ag, requires Ag = 55°10 per cent. 
r-aa'-Dihydroxyadipamide, : 
CO-NH,*CH(OH):(CH,],-CH(OH)-CO-NH,, 
was prepared by heating the dilactone with a saturated alcoholic solu- 
tion of ammonia in a sealed tube at 120° for eight hours. The 
crystalline solid which separated out on cooling was crystallised from 
92 per cent. alcohol, when it was obtained in small, glistening plates 
melting with effervescence at 177°. It readily dissolves in cold water, 
is sparingly soluble in boiling alcohol, and insoluble in ether, light 9 4 


petroleum, acetone, or chloroform : ‘ 
0:1264 gave 17°2 c.c. moist nitrogen at 15° and 760mm. N=15'93. | of 
C,H,,0,N, requires N = 15-90 per cent. (i 

r-aa - Dihydroxyadipic dianilide, | T 
C,H,*NH-CO-CH(ON):[CH,],-CH(OH)-CO-NH:-C,H,, | w 


was prepared by boiling 2 grams of the acid with 6 grams of recently } w 
distilled aniline for seven hours. The resulting product was treated § tl 
with dilute hydrochloric acid to remove excess of aniline, and the solid { T! 
crystallised from alcohol, when it was obtained in glistening plates | pr 
melting at 186°. It is insoluble in ether, benzene, chloroform, or | fi 


light petroleum, and moderately soluble in boiling acetone or alcohol : 80 
0°1394 gave 0°3342 CO, and 0°0768 H,O. C=65°39; H=6:12. fo 
01604 ,, 12°35 c.c. moist nitrogen at 15° and 757 mm. N =8:'97. | Wé 

O,,H.,0,N, requires C= 65°85 ; H=6:10; N=8°53 per cent. - 


Action of Heat on Racemic aa'-Dihydroxyadipic Acid. 


The acid was placed in a small retort connected to a receiver, and the | in 
latter connected to a water-pump. The pressure was reduced to | an 
25—30 mm., and the retort and contents heated at 160—170° in an § an 
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air-bath, a slow current of dry air being passed through the apparatus. 
As soon as the substance had melted, water was evolved, and a 
crystalline sublimate collected in the neck of the retort; it was re- 
sublimed and analysed : 
0:1246 gave 0°2300 CO, and 0:0530 H,O. C=50:34; H=4°72. 
C,H,O, requires C = 50°70 ; H- 4°23 per per 


The dilactone of 1-aa eo acid, 


Co: CH: (OH, jy CH: CO, 
-O 


melts at 134°, is insoluble in light al alcohol, or water in the 
cold, readily soluble in cold acetone and in boiling alcohol, from which it 
crystallises in well-defined plates on cooling. The dilactone is insoluble 
in water, but on remaining in contact with this liquid it is gradually 
hydrolysed to the parent acid, which dissolves in the water, giving a 


strongly acid solution. That this solution contains the parent acid 


was shown by analysis of the silver salt prepared from it: 
0:1542 gave 0':0850 Ag. Ag=55'12. 
C,H,0,Ag, requires Ag = 55°10 per cent. 


Resolution of Racemic aa’-Dihydroxyadipic Acid. 


Preliminary experiments with quinine, cinchonine, and cinchonidine 
showed that only the last of these alkaloids is suitable for this 
resolution. The following is the method adopted : 29 grams (1 mol.) 
of the r-acid were dissolved in 450 c.c. of water and 50 grams 
(1 mol.) of cinchonidine added ; these readily dissolved on warming. 
The resulting strongly acid solution was allowed to remain overnight, 
when 33 grams of a beautifully crystalline, neutral cinchonidine salt 
were deposited ; this was filtered and recrystallised from water until 
the optical activity was not increased by further recrystallisation. 
This was ascertained by dissolving 1 gram of the salt in water, 
precipitating the alkaloid by ammonia, filtering, and evaporating the 
filtrate to a fewc.c. This solution had now a faintly acid reaction, 
so it was again made faintly alkaline with ammonia, allowed to remain 
for some time, and the small amount of alkaloid which had separated 
was, filtered, washed with a little water, and the filtrate made up to 
the volume required to fill the 2°2-dem. tube, in which it was examined. 
All these experiments were carried out under identical conditions, in 
order that the results might be truly comparable. 

The pure /-base d-acid salt, which weighed 16 grams, was dissolved 
in water, the alkaloid precipitated with ammonia, and the resulting 
ammonium salt converted into the copper salt, which was filtered 
and decomposed with hydrogen sulphide. The filtrate from the copper 
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sulphide was evaporated on the water-bath, the residue dried in a 
vacuum, and then crystallised from a mixture of acetone and chloro. 
form until its melting point was constant. 

d-aa’-Dihydroxyadipic acid is insoluble in ether or light petroleum, 
readily soluble in water, moderately so in alcohol or acetone, and 
erystallises from a mixture of acetone and chloroform in long, slender 
needles melting at 157° with effervescence, 

A determination of the specific rotation gave the following result : 

0°9866, made up to 16 ¢.c. in a 2°2-dem. tube, gave a +0°52°, 

whence [a] +3°8°. 

The above solution was carefully neutralised with ammonia and 
made up to 20 c.c., and on examination was found to have an opposite 
rotation to that of the free acid, and gave a’ —2°77°, whence 
[a}p —21°4°. 

Attempts were made to isolate the pure l-acid from the mother 
liquors from which the d-acid had been separated, but the amount of 
material was not sufficient to admit of the isolation of a pure specimen 
of the /-isomeride. 


Oxidation of Racemic aa'-Dihydroxyadipic Acid. 


One gram of the acid was dissolved in 20 c.c. of water, and to this 
a hot solution of 2°5 grams of potassium permanganate in 50 c.c. of 
water was gradually added. A vigorous oxidation took place, and, 
when all the potassium permanganate had been reduced, the manganese 
dioxide was filtered and the filtrate evaporated to dryness. The 
residue, when heated with resorcinol and a few drops of sulphuric acid 
and pouring into a solution of potassium hydroxide, gave a very 
marked fluorescein reaction. No attempt was made to isolate the 
succinic acid itself, and so the residue was boiled with excess of acetyl 
chloride for two hours, the excess of acetyl chloride evaporated, and 
the dried residue extracted with benzene. One gram of aniline was 
added to the benzene solution, and, after a short time, a crystalline 
solid separated out, which, after crystallisation from water, was 
obtained in aggregates of flat needles melting at 148° (succinanilic 
acid melts at 148°5°). The corresponding anil was obtained by boiling 
the anilic acid for a short time and crystallising the resulting product 
from alcohol, when it was obtained in long, slender needles melting at 
153—154°. 

meso-aa'-Dihydroxyadipic Acid, 
The insoluble residue A (see p. 719), left after repeated extraction 


of the mixed acids with acetone, was crystallised from a mixture of 
alcohol and chloroform until its melting point was constant : 


= 4. tee ae i ae ee 


and 
site 
lence 


ther 
1t of 
imen 


this 
ce. of 
and, 
nese 
The 
acid 
very 

the 
ety! 
and 
was 
lline 
was 
nilic 
ling 
duct 
ig at 


tion 
‘e of 


a-HYDROXYCARBOXYLIC ACIDS. PART IV. 723 


0'1524 gave 0'2254 CO, and 0:0804 H,O. C=40°33; H=5°86. 
C,H,,0, requires C= 40°45 ; H=5-62 per cent. 
meso-aa'-Dihydroayadipic acid is insoluble in ether or light 
petroleum, only slightly soluble in chloroform, acetone, or alcohol in 
the cold, and readily so in water or in boiling alcohol, from which 
it crystallises in small, glistening plates melting at 174°. This acid is 
considerably less soluble in alcohol than its racemic isomeride. 

Attempts were made to resolve this acid by means of its cinchonidine 
salt, but no evidence whatever of the production of an optically active 
acid was obtained. 

A mixture of equal parts of the above acid and the racemic 
isomeride contracts at 146° and melts at 161—165°. 

The molecular weight was determined by titration with sodium 
hydroxide, using phenolphthalein as indicator : 

0:1672 required 18°65 c.c. V/10 NaOH. M.W, =179°2. 

A dibasic acid, C;H,,0,, requires M.W.=178. 

The silver salt was prepared by adding a solution of the ammonium 
salt of the acid to a solution of silver nitrate. The crystalline salt 
was deposited more quickly than the corresponding salt of the 
racemic acid : 

0°2076 gave 0'1142 Ag. Ag=55-01. 

C,;H,O,Ag, requires Ag=55'10 per cent. 

Oxidation with Potassium Permanganate.—The oxidation was 
carried out exactly as described for the oxidation of the racemic 
isomeride. The product of oxidation gave the fluorescein reaction, 
and from it both succinanilic acid, melting at 148°, and succinanil, 
melting at 153—154°, were prepared. 

Methyl meso-aa'-dihydroxyadipate, 

CO,Me-CH(OH)-[CH,],*CH(OH)-CO,Me, 

was prepared by adding 12 grams of methyl iodide to 10 grams 
of the dry silver salt, suspended in dry benzene, and heating on the 
water-bath for three hours. The silver iodide was filtered and the 
filtrate evaporated, when the ester was obtained as a:crystalline solid, 
which, after crystallisation from a mixture of benzene and light 
petroleum, was obtained in stout needles melting at 89°. It is some- 
what readily soluble in cold acetone, alcohol, or water, and sparingly 
so in cold benzene or chloroform : 

0'1520 gave 0°2568 CO, and 0:0956 H,O. C=46:10; H=7-00. 

C,H,,0, requires C=46°60; H=6°80 percent. gg 
meso-aa'-Dihydroxyadipamide, northo- ~ 
CO-NH,*CH(OH)-(CH,],-CH(OH)-CO-NH,, 7) is the 

was obtained by the following two methods: (1) the lactr the low 
obtained by heating the meso-acid, was boiled with ar as a solvent 
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sulphide was evaporated on the water-bath, the residue dried in a 
vacuum, and then crystallised from a mixture of acetone and chloro. 
form until its melting point was constant. 

d-aa’-Dihydroxyadipic acid is insoluble in ether or light petroleum, 
readily soluble in water, moderately so in alcohol or acetone, and 
erystallises from a mixture of acetone and chloroform in long, slender 
needles melting at 157° with effervescence, 

A determination of the specific rotation gave the following result : 

0°9866, made up to 16 e.c. in a 2°2-dem, tube, gave a +0°52°, 

whence [a]}? +3°8°. 

The above solution was carefully neutralised with ammonia and 
made up to 20 c.c., and on examination was found to have an opposite 
rotation to that of the free acid, and gave a’ —2°77°, whence 
[a]}p —21°4°. 

Attempts were made to isolate the pure l-acid from the mother 
liquors from which the d-acid had been separated, but the amount of 
material was not sufficient to admit of the isolation of a pure specimen 
of the /-isomeride. 


Oxidation of Racemic aa'-Dihydroxyadipic Acid. 


One gram of the acid was dissolved in 20 c.c. of water, and to this 
a hot solution of 2‘5 grams of potassium permanganate in 50 c.c. of 
water was gradually added. A vigorous oxidation took place, and, 
when al] the potassium permanganate had been reduced, the manganese 
dioxide was filtered and the filtrate evaporated to dryness. The 
residue, when heated with resorcinol and a few drops of sulphuric acid 
and pouring into a solution of potassium hydroxide, gave a very 
marked fluorescein reaction. No attempt was made to isolate the 
succinic acid itself, and so the residue was boiled with excess of acetyl 
chloride for two hours, the excess of acetyl chloride evaporated, and 
the dried residue extracted with benzene. One gram of aniline was 
added to the benzene solution, and, after a short time, a crystalline 
solid separated out, which, after crystallisation from water, was 
obtained in aggregates of flat needles melting at 148° (succinanilic 
acid melts at 148°5°). The corresponding anil was obtained by boiling 
the anilic acid for a short time and crystallising the resulting product 
from alcohol, when it was obtained in long, slender needles melting at 
153—154°. 

meso-aa -Dihydroxyadipic Acid, 
The insoluble residue A (see p. 719), left after repeated extraction 


of the mixed acids with acetone, was crystallised from a mixture of 
alcohol and chloroform until its melting point was constant : 


and 
osite 
1ence 


other 
nt of 
imen 


. this 
c. of 
and, 
nese 
The 
acid 
very 
» the 
cetyl 
and 
was 
lline 
was 
nilic 
iling 
duct 
ag at 


stion 
re of 


a-HYDROXYCARBOXYLIC ACIDS. PART IV. 723 


0:1524 gave 0:2254 CO, and 0:0804 H,O. C=40°33; H=5°86. 
C,H,,0, requires C= 40°45 ; H=5°62 per cent. 
meso-aa'-Dihydroxyadipie acid is insoluble in ether or light 
petroleum, only slightly soluble in chloroform, acetone, or alcohol in 
the cold, and readily so in water or in boiling alcohol, from which 
it crystallises in small, glistening plates melting at 174°. This acid is 
considerably less soluble in alcohol than its racemic isomeride. 

Attempts were made to resolve this acid by means of its cinchonidine 
salt, but no evidence whatever of the production of an optically active 
acid was obtained. 

A mixture of equal parts of the above acid and the racemic 
isomeride contracts at 146° and melts at 161—165°. 

The molecular weight was determined by titration with sodium 
hydroxide, using phenolphthalein as indicator : 

0:1672 required 18°65 c.c. V/10 NaOH. M.W, =179°2. 

A dibasic acid, C;H,,0,, requires M.W.=178. 

The silver salt was prepared by adding a solution of the ammonium 
salt of the acid to a solution of silver nitrate. The crystalline salt 
was deposited more quickly than the corresponding salt of the 
racemic acid : 

0°2076 gave 0'1142 Ag. Ag=55-01. 

C,;H,O,Ag, requires Ag=55°10 per cent. 

Oxidation with Potassium Permanganate.—The oxidation was 
carried out exactly as described for the oxidation of the racemic 
isomeride. The product of oxidation gave the fluorescein reaction, 
and from it both succinanilic acid, melting at 148°, and succinanil, 
melting at 153—154°, were prépared. 

Methyl meso-aa'-dihydroxyadipate, 

CO,Me:CH(OH)-[CH, ],*CH(OH)-CO,Me, 

was prepared by adding 12 grams of methyl iodide to 10 grams 
of the dry silver salt, suspended in dry benzene, and heating on the 
water-bath for three hours. The silver iodide was filtered and the 
filtrate evaporated, when the ester was obtained as a-crystalline solid, 
which, after crystallisation from a mixture of benzene and light 
petroleum, was obtained in stout needles melting at 89°. It is some- 
what readily soluble in cold acetone, alcohol, or water, and sparingly 
so in cold benzene or chloroform : 

0'1520 gave 0:2568 CO, and 0:0956 H,O. C=46:10; H=7-00. 

C,H,,0, requires C= 46°60 ; H=6°80 per cent. 
meso-aa'-Dihydroxyadipamide, 
CO-NH,*CH(0H)-[CH,],°CH(OH):CO-NH,, 
was obtained by the following two methods: (1) the lactone-lactide, 
obtained by heating the meso-acid, was boiled with a” concentrated 
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solution (sp. gr. 0°880) of ammonia, the solution filtered, and allowed 
to remain, when the diamide separated out ; (2) the dimethyl ester 
was added to a concentrated solution (sp. gr. 0°880) of ammonia, in 
which it readily dissolved, and from this solution the diamide soon 
separated. It was crystallised from water, and obtained in glistening 
plates melting and decomposing at 242°. It dissolves somewhat 
readily in boiling water, and is insoluble in all the ordinary organic 


solvents : 


0:1462 gave 19°7 c.c. moist nitrogen at 15° and 763 mm. N= 15°84. 
C,H,,0,N, requires N = 15-90 per cent. 


meso-aa'-Dihydroxyadipic diantlide, 
C,H,-NH-CO-CH(0H):[(CH,],"CH(OH)-CO-NH-C,H,, 
was prepared in exactly the same way as the dianilide of the racemic 
acid. It is insoluble in water, ether, chloroform, benzene, or light 
petroleum, and moderately soluble in alcohol, from which it crystallises 
in glistening plates melting at 216°: 


01526 gave 11:2 c.c. moist nitrogen at 15° and 775 mm. N=8°76. 
C,,H.,0,N, requires N = 8°53 per cent. 


Action of Heat on meso-aa'-Dihydroxyadipie Acid. 


The acid was placed in a large test-tube fitted with a cork through 
which two tubes passed, the first of these was connected to a pump, 
and the second, which was drawn out to a fine point, served for the 
admission of a slow current of dry air. The test-tube and contents 
were gradually heated in an air-bath. At 174°, the substance melted 
and water-vapour was evolved, and the temperature was kept at 
-180—190° for about five minutes, the pressure being maintained at 
35—40 mm. No sublimate was formed. The residue consisted of a 
hard, glassy substance, which gave the following results on analysis : 


0°1552 gave 0°2710 CO, and 0:0670 H,O. C=47°62; H=4:80. 
C,.H,,0, requires C= 47°68 ; H = 4°63 per cent. 

The Jactone-lactide of meso-aa’-dikydroxyadipic acid, 

_— 

CO,H-CH-(CH,],-CH-CO CO-CH-[CH,],*CH(OH)-CO 

ES as 

is a hard, transparent, glassy substance, which does not melt at 250°, 

and when heated above this temperature it decomposes without pre- 

viously ‘nelting. It is insoluble in water, alcohol, acetone, chloroform, 

—_ oF ‘benzene, and dissolves in a solution of potassium hydroxide. 
hen boil# with a concentrated solution of ammonia, the diamide 
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(see p. 723) and the ammonium salt of the dihydroxy-acid are produced. 
The formation of the latter compound was proved by converting it 
into the corresponding silver salt, which was analysed : 
0:1234 gave 0°0680 Ag. Ag=55'10. 
C,H,O,Ag, requires Ag = 55°10 per cent. 
CHEMICAL LABORATORY, 


Sr. THomAs’s Hospirau, 
Lonpon, S.E. 


LXVII.—The Wandering of Bromine in the Trans- 
formation of Nitroaminobromobenzenes. 
By KenneDy JosEpH PrEvITE ORTON and ConsTaNcE Pearson. 


In the course of a series of experiments on the transformation of 
substituted bromo- and chloro-nitroaminobenzenes, we have observed 
a remarkable wandering of a bromine atom in the case of 2: 6-di- 
bromo-l-nitroaminobenzene (I). Under all conditions which are 
favourable to transformation, not only is the expected 2 : 6-dibromo-4- 
nitroaniline (II) produced, but also the isomeric 2 : 4-dibromo-6-nitro- 
aniline (III), thus : 


No,/ SNH 
Bt ¢ A 9 
ee aaa | 
Br Br 


Although the position para with respect to the amino-group is 
unoccupied, the migrating nitro-group in part displaces an ortho- 
bromine atom, which then re-enters the benzene nucleus in the vacant 
para-position, the two nitroanilines being formed in about equal 
proportions. 

The transformation of this di-o-substituted nitroaminobenzene is a 
far slower process than that of the nitroaminobenzenes with an ortho- 
position unoccupied ; only in strongly acid solutions (8—9JV) is the 
change complete in twenty-four hours. Inasmuch as the low 
solubility (1 part in 1400 parts) renders the use of water as a solvent 
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impracticable, aqueous alcohol or acetic acid, 25 or 50 per cent., was 
employed. 

Solutions of the nitroamine in all media can apparently be kept 
indefinitely. Change only occurs when acid is present. With low 
concentrations of acid, the rate of change is very slow, but becomes 
more rapid as the concentration is raised, until, when the acid is 
8—9N, the change is complete in twenty-four hours at the ordinary 
temperature. For example, a solution of the nitroamine in which the 
acid was at a concentration of 2, showed no signs of change in 
forty-eight hours, but contained nitroaniline after seventy-two hours. 
Neither variation in the concentration of the acid or of the nitro- 
amine had any effect on the relative quantities of the two nitro- 
anilines, or on the course of the transformation, but with dilute 
solutions, 0°75—1°5 grams in 100 c.c. of the solvent, the separation of 
the two anilines was simplified. Of the common strong acids, hydro- 
chloric acid is the most effective in producing the rearrangement. As 
a weaker acid, sulphuric acid at equivalent concentrations does not 
accelerate the change so greatly as hydrochloric acid, whilst, in the 
presence of the stronger nitric and hydrobromic acids, reduction of 
nitroamine is the main reaction. 


Comparative experiments were made with the isomeric 2 : 4-dibromo- | 


1-nitroaminobenzene, in which one ortho- instead of the para-position 
is vacant. No wandering of a bromine atom was discernible, 2 : 4-di- 
bromo-6-nitroaniline being the sole product. 

The behaviour of s-tribromo-l-nitroaminobenzene, under similar 
treatment, was also examined, and was found to be surprisingly similar 
to that of the 2:6-dibromo-compound, with this one difference. 
Whereas in the case of the 2 : 6-dibromonitroaminobenzene, notwith- 
stauding that the para-position is vacant, partial displacement of an 
ortho-placed bromine takes place, the bromine again entering the 


nucleus, transformation of the s-tribromonitroamine into a nitro- | 


aniline can only occur with replacement of bromine, which appears in 
the solution.* The nitroamine was transformed into a mixture of 
2 :4-dibromo-6-nitro- and 2: 6-dibromo-4-nitro-anilines, which are 
present in approximately the same proportion as that obtained from 
the 2: 6-dibromonitroamine. The change appeared somewhat slower 
with the s-tribromo-derivative for the lower concentrations of hydro- 
chloric acid, but in both cases at a concentration of 8—9JN no nitro- 
amine remained after twenty-four hours. 


* The displacement of bromine in the para-position by the nitro-group (and 
formation of s-tribromonitroaminobenzene) in the action of nitric acid on s-tribromo- 
aniline has already been described by one of us (Trans., 1902, 81, 490). In the 
same communication, the references in the literature to similar displacements in 
s-trisubstituted bromoanilines and phenols are collected. 
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A great contrast is offered by the behaviour of s-trichloronitro- 
amine. No nitroaniline is formed, that is, no replacement of chlorine 
by the nitro-group occurs. The characteristic product is chloroanil 
(tetrachlorobenzoquinone), trichloroaniline being formed at the same 
time. Under similar conditions as to solvent and concentration of acid, 
this reaction does not take place so rapidly as the transformation of the 
di- and tri-bromonitroamines. The formation of s-trichloroaniline 
points to hydrolysis of the nitroaminobenzene as one of the steps in 
the change : 

C,H,Cl,-NH:NO, + H,O = C,H,Cl,*NH, + HNO,,. 

It may be supposed that the chlorine arising from the interaction of 
the nitric and hydrochloric acids converts some of the s-trichloroaniline 
into tetrachlorobenzoquinone. Similar hydrolysis might be expected 
as a side reaction in the transformation of the bromonitroamines ; the 
presence of very small quantities of bases in the mother liquors from 
the nitroaniline indicated that such occurred. 

Under the conditions here described, no traces of the quinoneanils 
(phenyliminoquinones), recorded by one of us and Miss Smith (Trans., 
1905, 87, 309 ; dbed., 1907, 91, 146), were formed. In the production 
of these compounds, which arise in the action of sulphuric acid on the 
nitroamines in acetic acid solution, there is both replacement of 
halogen (in the case of s-tribromonitroaminobenzene) and migration of 
halogen from one carbon atom to another of the benzene nucleus, in the 
manner shown by the following constitutional formule : 


Cl Cl - . 
or - “ N\int So 
2 mY NH:‘NO, > ~~ KK 
Cl Cl Cl 
How far the reactions recorded in this paper are analogous to these 
ransformations cannot at present be decided, but the fact that 
: 6-dibromonitroaminobenzene, in which the migration of bromine is 
bserved during the conversion into nitroanilines, yields no quinoneanil, 
ut mainly 2: 6-dibromo-4-nitroaniline, when treated with sulphuric 
cid in acetic acid solution (loc. cit.) suggests some considerable 
ifference. 
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The nitroanilines, although the main, are not the sole products of 
the transformation of the nitroamines in dilute alcoholic or acetic acid 
solution in the presence of hydrochloric or sulphuric acids. In all 
cases, reduction of a small amount of the nitroamine to diazo- 
compound takes place: Ar-NH:NO, —> (Ar-‘N,)°. With other acids, 
nitric and hydrobromic, this production of diazo-compound assumes 
much larger proportions. In the case of s-trichloronitroaminobenzene, 
the reduction is quantitative, bromine being liberated when hydro- 
bromic acid is used : 

C,;H,Cl,;-NH-NO, + 2HBr —> (C,H,Cl,°N,)° + H,O + Br,. 

Hydrobromic acid and the s-tribromo-derivative yield the very 
sparingly soluble diazonium perbromide, C,H,Br,*N,°Br,. At the 
same time, a small amount of the two nitrobromoanilines, the main 
products of the reaction with hydrochloric acid, can be isolated. 
When, however, nitric acid is used, although reduction is still the 
main reaction, replacement of the bromine by the nitro-group assumes 
larger proportions. 

With 2:6-dibromonitroaminobenzene, the reaction with hydro- 
bromic acid is more complicated, for the bromine set free in the 
reduction of the hydrobromic acid converts unchanged dibromonitro- 
amine into s-tribromonitroamine, which in its turn is reduced to | 
diazo-compound. Besides the reduction and bromination, the | 
migration of the nitro-group also takes place, and to a larger extent | 
than is the case with s-tribromonitroamine under the same con- 
ditions, both the dibromonitroanilines being easily isolated and 
separated. 

It would be premature to attempt to account for the varying 
behaviour of these nitroamines, or for the part played by the hydro- 
chloric (or sulphuric) acid. Although the union of the acid with the 
nitroamine as a preliminary step in the changes appears an attractive 
view, little experimental evidence can at present be brought forward in 
its favour. 

Attention may be drawn to the marked effect of symmetry of the 
benzene nucleus in determining the point of attachment of the 
migrating nitro-group. Comparison of 2:6-dibromo- with 2: 4-di-| 
bromo-nitroamines illustrates this fact clearly. In the symmetrical! 
2 : 6-dibromo-derivative, the nitro-group migrates both to the ortho. 
and para-positions, whereas in the 2:4-dibromonitroamine the. 
wandering is exclusively to the ortho-position. 
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EXPERIMENTAL. 
Br 


Transformation of 2 : 6-Dibromo-1-nitroaminobenzene, ¢_NE-NO,. 
~ ‘Br 


2 :6-Dibromo-1-nitroaminobenzene can readily be prepared in large 
quantity by the method previously described from 2 : 6-dibromoaniline 
(Orton, Trans., 1902, 81, 808; Orton and Smith, Trans., 1905, 
87, 397). The solubilities of the nitroamine in water and in 25 per 
cent. aleohol were determined at the laboratory temperature. The 
measurements were made either by treating known weights with a 
given quantity of solvent and weighing the undissolved material, or, 
with a somewhat less degree of accuracy, by titrating the saturated 
solutions with baryta in the presence of phenolphthalein : 


100 grams of water dissolved 0:0715 gram at 11°5°. 
100 ~=—,,_~=—- 25 per cent. alcohol dissolved 0°165 gram at 10°. 
100, ” ” » 0167 ” 


The last number was obtained by titrating the saturated solution. 


Barium 2 : 6-Dibromonitroaminobenzene, (C,H, Br.*N:NO-O),Ba,24H,0. 


This salt was prepared from the sodium salt and barium chloride ; 
it crystallises in lustrous, nacreous plates, and is exceptionally soluble 
in water : 


02060 at 105° lost 0°0125 H,O. H,O=6:06. 

0°2060 gave 0:0618 BaSO,. Ba=17°6. 

C,,H,0,N,Br,Ba,2}H,O requires H,O =5°9 ; Ba=17-°79 per cent. 

The molecular rearrangement of the nitroamine was studied under 
a variety of conditions. As solvents were used water, acetic acid 
(glacial, 80 per cent. and 20 per cent.), and aqueous alcohol (50 per 
cent. and 25 per cent.), and as acids hydrochloric and sulphuric 
acids. These varying conditions seemed not to cause any marked 
difference in the course of the transformation. The low solubility 
of the nitroamine in water renders this solvent unsuitable. Fifty 
per cent. aqueous alcohol dissolves the nitroamine freely, and at the 
same time is particularly adapted to effect an initial separation of the 
two anilines when a certain concentration of the nitroamine is used. 

In the case of water and 25 per cent. alcohol, saturated solutions of 
he nitroamine were employed, but with the other solvents the solution 
ontained 1‘5 grams per 100 c.c.(v=19°7). In the case of 50 per 
ent. alcohol, this concentration gave an initial separation consisting 
mainly of 2 : 6-dibromo-4-nitroaniline. 
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The strength of the acid has a marked effect on the speed of the 
change. Of the two acids mentioned’ above, sulphuric acid is therefore 
the least effective. 

At low concentrations, the speed of the reaction is inconsiderable, 
but it is completed in twenty-four hours when the concentration of 
the acid is more than 8. 

Using 2N-hydrochloric acid (and 50 per cent. alcohol), a very pale 
yellow colour only appeared after seventy-two hours; with 4J- 
hydrochloric acid, the solution had assumed a yellow colour in twenty- 
four hours, but a separation of crystals of aniline only began after 
eight days ; with 6N-hydrochloric acid, a faint colour developed in a 
few minutes, and a separation of crystals had begun in twenty hours ; 
with 7N-hydrochloric acid, the separation after twenty-four hours was 
greater than with 6/. 

The crystalline separation consisted in all cases of yellow needles, 
representing about one-third of the nitroamine when a solution in 
50 per cent. alcohol was used at the concentration mentioned above, 
but only somewhat more than one-fifth if a saturated solution in 
25 per cent. alcohol was employed. 

The crystals from the latter solution softened at 118°, and were 
completely molten below 160°, whilst those from the former softened 
about 160°, and were completely molten at 185—190°. Repeated 
crystallisation of both materials from alcohol finally gave pure 
2 :6-dibromo-4-nitroaniline melting at 202—204°. The isomeric 
2 :4-dibromo-6-nitroaniline was isolated from the mother liquor as 
follows: the 50 per cent. aqueous alcohol was diluted with an equal 
volume of saturated sodium carbonate solution, whereupon yellow 
needles slowly separated, representing about one-third of the original 
nitroamine. Repeated crystallisation of the crystals (melting at 
110—112°) slowly raised the melting point to 125—126°, the melting 
point of the dibromo-o-nitroaniline. Purification was, however, more 
satisfactorily effected by acetylating this material by boiling in 
acetic acid solution with acetyl chloride. The material, which 
separated on adding water, was recrystallised twice from benzene, 
from which solvent slender, colourless needles were obtained melting 
at 208—209°, the melting point of 2 :4-dibromo-6-nitroacetanilide. 
They did not lower the melting point of the anilide prepared from 
2 : 4-dibromoacetanilide. 

The anilide dissolves readily in 10 per cent. aqueous potassium 
hydroxide, as do all such dihalogen-o- or -p-nitroacetanilides (Orton, 
Trans., 1902, 81, 496). Hydrolysis was rapidly effected by boiling 
this solution, and as the hydrolysis proceeded the aniline separated in 
deep yellow or orange needles, which melted at 126—127° and did 
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not affect the melting point of a specimen of the aniline prepared 
directly : 
0:2104 gave 0°2356 AgBr. Br=47°66. 
C,H,O,N,Br, requires Br = 47°32 per cent. 


Transformation of s-Tribromo-1-nitroaminobenzene. 


The behaviour of solutions of this nitroamine in aqueous, aqueous 
alcohol, or aqueous acetic acid media, which are acidified with hydro- 
chloric or sulphuric acid, resembles that of 2 : 6-dibromonitroamino- 
benzene in a remarkable manner. Similar strengths of acid determine 
approximately similar speeds of decomposition, and the proportion of 
o- and p-nitroaniline is approximately the same. ‘The yellow crystals 
which first separate melt at 172—183°, whilst the material deposited 
after dilution with sodium carbonate melts below 110°. From the 
material of higher melting point, pure 2 : 6-dibromo-4-nitroaniline 
can be obtained, and from that of lower melting point the isomeric 
dibromo-o-nitroaniline, by the procedure which has been described 
above. 

The great difference between the two nitroamines lies in the fact 
that bromine is set free during the conversion of the s-tribromo- 
derivative into nitroanilines. Estimation of the bromine was not 
practicable in the complex mixtures dealt with. 


Transformation of s-Trichloronitroaminobenzene. 


With the lower concentrations of acid, decomposition of this nitro- 
amine is far slower ; with higher concentrations, large crystals of 
tetrachlorobenzoquinone are slowly deposited. The solution remains 
nearly colourless during the reaction, never acquiring the yellow 
colour indicative of the presence of the nitroanilines. — s-'l'richloro- 
aniline was recognised in the mother liquor from the chloroanil by 
diluting largely, partly neutralising with sodium carbonate, and 
then extracting three times with chloroform. The residue remaining 
on evaporating the solvent was extracted with hot dilute alcohol, 
which left tetrachlorobenzoquinone undissolved. From this solution, 
s-trichloroaniline separated in colourless needles melting at 76°. 


Reduction of Nitroamines in the Presence of Hydrobromic and 
Nitric Acids. 


The presence of diazonium salts can always be recognised when the 
iitroamines have changed under the influence of hydrochloric or 
ulphuric acid, although the quantity is but small. In order to 
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detect the diazo-compound, an aqueous solution of resorcinol is added 
to the liquid, the acidity of the solution being cautiously reduced by 
sodium carbonate; a slight precipitate of the azo-compound is 
formed, or, when the quantity is exceptionally minute, coloration 
alone results. 

With hydrobromic and nitric acids, however, reduction to the 
diazo-compound becomes the chief reaction. The nitric acid is 
evidently reduced in the presence of alcohol, or even of acetic acid, to 
nitrous acid, which then reacts with the nitroamines in the usual 
way. 

s-Trichloro- and s-tribromo-nitroaminobenzenes are rapidly and 
quantitatively reduced in 50 per cent. aqueous alcohol or acetic acid 
solution containing hydrobromic acid at concentrations of 5—6V, 
the solution assuming both the colour and odour of bromine. In the 
ease of the s-trichloro-derivative, no precipitation occurs, and the 
diazo-compound can be isolated after removing bromine by coupling 
with B-naphthol or resorcinol. The trichlorobenzeneazonaphthoi, 
after recrystallisation from acetic acid, melted at 144—145°, the 
pure compound melting at 145—146° (Orton and Smith, Trans., 
1905, 87, 395). Further, on adding alcohol to the mixture and 
warming, the diazo-compound can be converted into s-trichlorobenzene, 
a reaction which is quantitative under the conditions. 

In the case of s-tribromonitroaminobenzene, the very low solubility 
of the diazonium perbromide, C,H,Br,’N,Br,, effected an approx- 
imately quantitative separation of the diazo-compound. The per- | 
bromide separated in long, orange needles, which decomposed at about 
140°, and was recognised by its conversion into s-tribromobenzene by 
alcohol, by its coupling with 8-naphthol in alcoholic solution with the 
formation of s-tribromobenzeneazonaphthol, and by giving a precipitate 
of silver bromide with alcoholic silver nitrate. 

The 2 : 6-dibromonitroaminobenzene reacts in a more complicated 
way with hydrobromic acid, owing to the reduction to diazo-compound 
and the wandering of the nitro-group taking place simultaneously. 
Moreover, bromine, set free in the oxidation of the hydrobromic acid; 
converts some of the unchanged dibromonitroamine into s-tribromo- 
nitroamine, which is then in its turn reduced by hydrobromic acid. 
Using 50 per cent. alcohol and concentrations of hydrobromic acid 
5—6, the yellow, crystalline precipitate consists of a mixture o 
nitroanilines which have the usual properties, both the 2: 6-dibromo 
4-nitro- and the 2: 4-dibromo-6-nitro-aniline being recognised and 
isolated. The mother liquor contained much diazo-compound, ag 
indicated by the reaction with B-naphthol or resorcinol. s-Tribromo 
diazobenzene was detected by adding alcohol and distilling, when pure 
s-tribromobenzene (m. p. 119°) passedover. The detection of 2 :6-di 
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bromodiazobenzene, which should be present, would be a matter of 
considerable difficulty in the presence of a s-tribromo-derivative. 

The use of nitric acid gives similar, but less distinct, results. 
s-Trichloronitroaminobenzene slowly decomposed in solution in 50 per 
cent. acetic acid containing nitric acid (which was freed from nitrous 
acid by carbamide nitrate) at a concentration of 9V. The liquid 
developed very little colour, and, when all the nitroamine had dis- 
appeared, contained only the diazo-compound, which was isolated by 
coupling with B-naphthol. 

With s-tribromonitroaminobenzene, a similar reaction takes place, but 
the evolution of bromine points to the replacement of bromine by the 
nitro-group. The small extent of this reaction, however, did not 
permit of the isolation of the dibromonitroanilines. 

In the case of 2:6-dibromonitroamine, beyond the production of 
diazo-compound, no very decisive indications were obtained. If nitro- 
aviline is formed by migration of the nitro-group (and such is not only 
probable, but is indicated by the colour which rapidly develops in the 
mixture), diazotisation would be expected to follow, owing to reduction 
of the nitric acid. The absence of separation of nitroaniline would be 
accounted for in this way. 


Br 


2 : 4-Dibromo-1-nitroaminobenzene, Br NE-YO, 
_ 


This nitroamine is prepared by a method which is a slight modifica- 
tion of that originally used by one of us (Orton, Trans., 1902, 81, 
806), in which a solution of the aniline in acetic acid was successively 
treated with nitric acid and acetic anhydride. The nitric acid, free 
from nitrous acid, was prepared from fuming nitric acid in the following 
way. The fuming acid was cooled by ice and treated with small 
quantities of powdered carbamide nitrate, whereupon it became 
colourless and at the same time diluted to 87 or 88 per cent. nitric 
acid. 

Ten grams of the 2:4-dibromoaniline dissolved in 25 c.c. glacial 
acetic acid, cooled to the freezing point of the solution, are slowly 
added to a mixture of 5 c.c. of the nitric acid, prepared as above, 
25 c.c. of acetic acid, and 25 c.c. of acetic anhydride, the temperature 
being maintained at the freezing point of the solution. The solution 
of nitric acid is prepared by adding the nitric acid slowly to the 
acetic acid and then introducing the acetic anhydride, the temperature 
being kept throughout as low as possible; with care, only traces of 
nitrous acid are formed. After admixture, the solution has a dull 
urple colour, and should contain no undissolved solid material. It is 

ured into 500 c.c. of ice-cold water, and the oil which separates 
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extracted with chloroform, a small amount of diazonium salt alone 
remaining in the aqueous acid liquor. The chloroform solution is freed 
from acetic acid by shaking three times with small quantities of water, 
and then the nitroamine is extracted by means of aqueous sodium 
carbonate. The chloroform finally only contains a small quantity of 
2: 4-dibromo-6-nitroaniline. The solution of sodium carbonate is 
carefully titrated with 5 per cent. hydrochloric acid to 
remove excess of alkali, the mixture being left just alkaline. The 
liquid is then heated nearly to boiling point, and a warm solution of 
barium chloride is added in some excess of the quantity equivalent to 
a theoretical yield of nitroamine. The hot solution is filtered from 
any barium carbonate which may be precipitated, and on cooling 
deposits the barium salt of the nitroamine in large, colourless plates. 
The salt is very sparingly soluble in cold water, but can be readily 
recrystallised from boiling water : 

05123 lost, over sulphuric acid, 0°0298 H,O, H,O=5°87. 

0°4343 anhydrous salt gave 0°1365 BaSO,. Ba=18°56. 

C,,H,O,N,Br,Ba,2$H,O requires H,O = 5°83 per cent. 
C,,H,0,N,Br,Ba requires Ba = 18°84 per cent. 

The nitroamine is prepared from the barium salt as follows: 
05 gram of the salt is dissolved in 100 c.c. of water at 30°, and a 
half per cent. solution of hydrochloric acid slowly added in some 
excess. The nitroamine begins immediately to crystallise out. When 
the mixture is cold, the nitroamine is collected, washed with water, 
and. dried over sulphuric acid. It crystallises in lustrous, 
transparent plates, which are often greatly elongated; it melts 
at 65°: 

0°1417 gave 0°1795 AgBr. Br=53°92. 

C,H,0,N,Br, requires Br = 54:0 per cent. 

The nitroamine-dissolves readily in all organic solvents with th 
exception of petroleum, from which solvent it crystallises in large 
colourless plates. It dissolves very sparingly in cold water, yieldin 
an acid solution, and can be recrystallised from water which has beer 
saturated at 30°. ; 

Transformation of the Nitroamine into 2 : 4-Dibromo-6-nitroaniline. 
Solutions of the nitroamine appear to be permanent, remaining colour 
less for an indefinite period. Acidification with strong acids of th 
aqueous, aqueous acetic, or glacial acetic acid solutions brings abou 
the migration of the nitro-group. For corresponding concentrations 0 
acids, the speed of the change is greatest in the glacial acetic acit 
The most suitable medium is a 1 te 5 per cent. solution of th 
nitroamine in glacial acetic acid to which has been added sufficier 
fuming hydrochloric acid to produce a 2V-solution. This mixture 
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kept at 25°, when the change is completed in a couple of hours, The 
only aniline produced is 2:4-dibromo-6-nitroaniline, but a small 
quantity of diazo-compound, arising from reduction of the nitroamine, 
can be detected in the usual way. : 


Preparation of 2 : 6-Dibromoaniline. 


We have materially modified Heinichen’s (Annalen, 1889, 253, 
275) method of preparing 2:6-dibromoaniline, and have thereby 
increased the yield. Following this author’s procedure, sulphanilic 
acid in hydrochloric acid solution is brominated by means of sodium 
hypobromite, great care being taken to keep the temperature at 0°. 
No s-tribromoaniline should separate when the operation is correctly 
performed. To the resulting liquid, barium chloride is added, and then 
barium hydroxide until the mixture is neutral. The barium salt, 
(NH,°C,H,Br,*SO,),Ba,2H,O, separates immediately, 34°6 grams of 
sulphanilic acid yielding 85 grams of the salt. Concentration of the 
mother liquor gives a further small quantity. 

In order to convert the dibromosulphanilic acid into 2: 6-dibromo- 
aniline, it is unnecessary to isolate the acid from the barium salt, which 
was the course followed by Heinichen. It is simpler to treat the 
hydrated salt, which has been dried in air, directly with sulphuric acid 
in the proportion : 20 grams of the salt, 72 grams of sulphuric acid, and 
18 grams of water. Superheated steam is then passed through the 
mixture, which is maintained at a temperature of 160—180° in an 
oil-bath. 2:6-Dibromoaniline is formed by the hydrolysis of the 
sulphonic acid, and begins to distil over immediately. After two and 
a-half hours, when the hydrolysis is finished, the temperature is 
lowered to 120°, whereupon the sulphuric acid becomes more dilute, 
and the major part of the 2 : 6-dibromoaniline distils over. The yield 
of recrystallised material amounted to 84 per cent. of the theoretical. 
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LXVIIL.—The Action of Thionyl Chloride on the 
Methylene Ethers of Catechol Derivatives. Part II. 
Piperonyloin, Piperil, and Hydropiperoin. 

By Grorce Barcer and Artnuur JAMEs Ewins. 


REcENTLY, one of us has shown (Trans., 1908, 93, 563) that the 
methylene ethers of catechol derivatives are converted into the corre- 
sponding cyclic carbonates by heating with an excess of thionyl chloride 
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to 180—200°. The same carbonates are formed by treatment of the 
chlorine derivatives, which result from the action of phosphorus penta- 
chloride on the methylene ethers, with cold water, so that the effect of 
‘thionyl chloride is equivalent to that of phosphorus pentachloride and 
water. 

In the previous paper, the action of thionyl chloride on piperony] 
alcohol, piperonal, and piperonylic acid was described ; in the present 
one, we deal with its action on compounds containing two catechol nuclei, 
namely, piperonyloin, piperil, and hydro- and ¢sohydro-piperoin. A 
large excess of thionyl chloride was found to be necessary, and serves 
as solvent from which the reaction product crystallises on cooling. 
With smaller quantities of thionyl chloride, whether in the presence 
or absence of an indifferent solvent, a great deal of decomposition 
always took place. Besides oxidising the methylene groups to 
carbonyl, thionyl chloride chlorinates the fatty chain linking the two 
benzene nuclei. The symmetrical grouping, CH(OH)-CH(OB), of 
hydropiperoin is thus converted into CHCl-CHCI, but the asymmetrical 
grouping of piperonyloin, CH(OH)-CO, is oxidised to CCI,°CO, so that 
the same substance is obtained as from the diketone piperil. Under 
the conditions employed in the production of cyclic carbonates, thionyl 
chloride was found to act in an analogous way on benzoin and benzil, 
oxidising the former, and converting both to dichlorobenzil, in the 
same way that phosphorus pentachloride acts on these substances. 

Only in the case of the chloro-derivative from piperonyloin (and 
piperil) were we able to remove the chlorine from the fatty chain; we 
thus obtained a dicarbonate of tetrahydroxybenzil, and, from this, 
tetrahydroxybenzil itself; the constitution of the latter substance 
was proved by conversion into veratril, previously obtained from 
veratraldehyde. 


EXPERIMENTAL. 


3:4:3': 4'-Dicarbonyldioxy-aa-dichlurodeoxybenzoin, 
CO<P>0,H,-CO°CCl,-C,H,<p>00. 


2°5 Grams of piperonyloin were heated with 10 c.c. of thionyl 
chloride in a sealed tube to 180° for seven hours. There was an 
unusually great pressure in the tube, and, on opening, sulphur dioxide 
and hydrogen chloride escaped. On cooling in a freezing mixture, the 
dark red solution deposited crystals, which were collected, washed 
with benzene, and recrystallised from xylene. Warty masses were 
obtained, which, after several crystallisations, separated in short, 
broad prisms melting at 191—192°. The yield was 60 per cent. of 
the theoretical : 
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0'1770 gave 0°3270 CO, and 0°0264 H,O. C=50°5; H=1°7. 
01421 ,, (by fusion with potassium nitrate and sodium carbonate) 
0:1094 AgCl. Cl=19-0. 
C,,H,0,Cl, requires C=50°4 ; H=1°6 ; Cl=18°6 per cent. 

The molecular weight was determined, by a microscopic method 
which we described some time ago (Trans., 1905, 8'7, 1756), in glacial 
acetic acid at 85—90°, benzil being employed as standard. 0°157 Gram 
in 2°73 grams of acetic acid was intermediate between 0°16 mol. and 0°18 
mol., whence M = 320—360, mean 340, C,,H,O,Cl, requires M = 381. 


3:4:3' : 4'-Dicarbonyldioxybenzil, 
CO<D>C;H,*CO-CO-C,H,<>co. 


0:5 Gram of the substance just described was boiled with 10 c.c. of 
anhydrous formic acid ; hydrogen chloride was evolved, and the sub- 
stance gradually passed into solution. When no more hydrogen 
chloride was given off, the hot solution was filtered. On cooling, long, 
thin prisms separated, melting at 214—215° with effervescence, 
characteristic of catechol carbonates. After washing with cold water, 
until the washings were not coloured by ferric chloride, in order to 
remove a little of the corresponding free catechol derivative, the 
crystals were dried over sulphuric acid ina vacuum and analysed ; 
the melting point remained unchanged : 

0:0828 gave 0:1776 CO, and 0°0228 H,O. C=58:5; H=2°9. 

C,,H,O, requires C=58°9 ; H=1°8 per cent. 
3:4:3':4'-Dicarbonyldioxybenzil is readily hydrolysed by boiling 
with water, or by the addition of alkali, to tetrahydroxybenzil. 


3:4:3' : 4'-Tetrahydroaybenzil, (HO),C,H,"CO-CO-C,H,(OH),. 


The removal of the two chlorine atoms from the product of the 
reaction between thionyl chloride and piperonyloin, without hydro- 
lysing the carbonate, was accomplished by formic acid, as stated 
above, but the other reagents employed for a similar purpose by 
Pauly (Ber., 1907, 40, 3096), namely, oxalic acid, succinic acid, and 
sulphuric acid, were found to be unsuitable for this purpose, no pure 
carbonate being obtainable. The crude reaction product, however, 
1eadily yielded tetrahydroxybenzil on boiling with water. One gram 
of 3:4: 3’ : 4’-dicarbonyldioxy-aa-dichlorodeoxybenzoin was intimately 
mixed with 0°3 gram of anhydrous oxalic acid, and the mixture was 
carefully heated until there was no longer any evolution of gas.- It 
was then boiled with water for several hours, a little animal charcoal 
being added towards theend. On concentiating the filtered solution, 
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the substance crystallised ; it was recrystallised from water and dried 
at 110°: 

0°1588 gave 0°3573 CO, and 0°0510 H,O. C=61°4; H=3°6. 

C,,H,,0, requires C=61°3 ; H=3°6 per cent. 

Tetrahydroxybenzil forms yellow prisms melting at 236° It is 
readily soluble in hot water, from which it separates with two mole- 
cules of water of crystallisation : 

0:4020, dried in desiccator until of constant weight, lost 0°0459 at 
110°, H,O=11°4. 

C,,H,,0,,2H,O requires H,O=11°6 per cent. 

Tetrahydroxybenzil is slightly soluble in cold water, readily so in 

alechol, and dissolves in alkalis with an orange-red colour. 


Tetrabenzoxybenzil, C,,H,O,(CO-C,H,),. 


05 Gram of tetrahydroxybenzil was dissolved in 5 grams of pyridine, 
and 2 grams (eight molecular proportions) of benzoyl chloride were 
added. After standing for eighteen hours, the solution was poured 
into dilute sulphuric acid. The amorphous solid which separated was 
crystallised from benzene and afterwards from ethyl acetate, and 
then formed long, thin needles melting at 202°: 


0°1573 gave 04182 CO, and 0:0501 H,O. C=725; H=3'5. 
C,,H,,0,) requires C=73°0 ; H=3°7 per cent. 


Constitution of Tetrahydroxybenzil. 


The constitution assigned above to this substance follows, firstly, 
from its method of preparation ; secondly, from its direct production 
from piperonyloin, and thirdly, from its conversion into tetramethoxy- 
benzil or veratril. The substance is produced directly from piperonyloin 
by heating with 1—2 per cent. hydrochloric acid to 180° for several 
hours, but the yield is extremely small (less than 10 per cent.) ; its 
identity with the substance obtained by thionyl chloride resulted from 
the melting point of the mixture. 

The conversion of tetrahydroxybenzil into its tetramethyl ether 
(veratril) was carried out by dissolving 0°5 gram in the minimum 
quantity of methyl alcohol, and adding 0°7 ¢.c. (four molecular propor- 
tions) of dimethyl sulphate and then four molecular proportions of an 
aqueous 40 percent. potassium hydroxide solution. The same amounts 
of dimethyl sulphate and potassium hydroxide were added a second 
time. On dilution with water, a bright vellow solid separated, which 
was crystailised from a mixture of 3 parts of alcohol and 1 part of 
benzene, and formed yellow prisms melting at 220°, This substance was 
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identical with that obtained by oxidation of veratroin by ammoniacal 
cupric oxide, already described by Fritsch (Annalen, 1903, 329, 37). 
The transformation of the substances referred to above may be 
represented as follows : 
H,C:0,:C,H,*CHO 
| KON 
-H,C°0,:C,H,*CH(OH)-CO-C,H,:0,:;CH, —> 
| H,C:0,°C,,H,.*CO-CO-C,H,:0,:CH, 
O0C-:0,:C,H,*CCl,*CO-C,H,:0,:CO (CH,°0),C,H,*CHO 
HCO,H | 
0C:0,:C,H,*CO:CO-C,H,:0,:CO Y 
| 4,0 (CH,°0),C,H,"CH(OH)-CO-C,H,(0-CH,), 


| HC! SOCI, 


_>(HO),C,H,*CO-CO-C,H,(OH), \ 
(CH,0),C,H,*CO-CO-C,H,(0-CH,), 
A 


(CH3).SO, 


Action of Thionyl Chloride on Piperit. 


As might be expected, the same chloro-derivative is formed by 
thionyl chloride from piperil as from piperonyloin ; 0°47 gram piperil, 
heated to 180° with 2 c.c. of thionyl chloride for six hours, gave 
03 gram of a substance melting at 190°, and identical with 
3:4: 3’ : 4’-dicarbonyldioxy-aa-dichlorodeoxybenzoin obtained from 
piperonyloin. The mixture of both specimens melted at 191°. 


Action of Thionyl Chloride on Hydropiperoin and isoHydropiperoin. 


By heating either of the above substances with thionyl chloride on 
the water-bath, the same substance is produced, namely, 3:4: 3':4’- 
dimethylenedioxy-a8-dichloro-s-diphenylethane, 

CH,:0,:C,H,*CHCI-CHCI-C,H,:0,:CH,, 
already obtained by Fittig and Remsen (Annalen, 1871, 159, 144) by 
the action of acetyl chloride. At a much higher temperature, the 
methylene groups are also attacked. 

Five grams of a crude mixture of hydropiperoin nd its isomeride 
were heated with 20 c.c. of thionyl chloride to 180° for five hours. 
The contents of the tube were cooled in a freezing mixture, and 
deposited crystals, which were recrystallised from benzene. The yield 
was only 0°51 gram : 

0°1591 gave 02070 CO, and0-°0209 H,O. C=526; H=2:2. 

01506 ,, 01195 AgCl. Cl=19°6. 

C,,H,0,Cl, requires C=52°3 ; H=2°2 ; Cl=19°3 per cent. 
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There can scarcely be any doubt that this substance is 3:4: 3':4’. 
dicarbonyldioxy-a B-dichloro-s-diphenylethane, 


CO<0>0,H;"CHCl-CHCI-C,H,<p>CO. 


It melts at 260°, and is insoluble in water and sparingly soluble in 
most organic solvents; it dissolves in sodium carbonate or sodium 
hydroxide with an intense green colour. When the substance is boiled 
with water for some time, it yieldsa catechol derivative, as the solution 
gives a green coloration with ferric chloride. The catechol derivative 
is also formed by pyridine, and by benzoylation of the crude product 
by Einhorn’s method a crystalline substance, melting at 123—124°, 
was obtained, free from chlorine and from nitrogen, which probably 
represented a benzoyl derivative of the catechol substance. ‘The yield 
was too small for analysis, and, as the original chlorocarbonate could 
only be isolated in small quantity and in some experiments not at all, 
further work had to be abandoned. 

The action of thionyl chloride on hydropiperoin is somewhat 
complex ; only in one experiment was the above chloro-compound 
(m. p. 260°) obtained at once in an approximately pure condition. 
Generally, at temperatures from 160° upwards, a mixture of two kinds 
of crystals was obtained. 2°5 Grams of hydropiperoin gave, for 
instance, 0°52 gram of small, grey needles melting at 230—235°, and 
0°45 gram of larger, glassy crystals of a much higher melting point. 

The former of these two substances could not be obtained pure, but 
the latter, which preponderated when hydropiperoin was heated with 
thionyl chloride to 220°, was obtained sufficiently pure to leave no 
doubt as to its composition. It was almost insoluble in most organic 
solvents, dissolved sparingly in boiling xylene, and was moderately 
soluble in boiling nitrobenzene, from which it was recrystallised several 
times. It formed stout prisms melting at 310—311° (silver nitrate} 
bath) : 

0°1473 gave 0°2411 CO, and 0:0208 H,O. C=446; H=1°6. 

071018 ,, 01326 AgOl. Cl=32°3. 

C,,H,0,Cl, requires Cl= 44:0; H=1°4 ; Cl=32°5 per cent. 

The substance is derived from the chloro-compound melting at 260°, 
by the introduction of two more chlorine atoms, and is therefore 
3:4:3': 4'-dicarbonyldioxytetrachloro-s-diphenylethane ; it is probably, 
constituted according to one of the following formule : 


CO<P>0,Hs°CCl,-CCl,-C,H,<p>00 
(I.) 
co<P>e, H,Cl-CHCI-CHCI-C,H 11<0>00. 
(IL) 
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The substance is extremely stable (except towards alkalis, which 
attack the carbonyl groups). Boiling for several hours with formic 
acid scarcely alters it; in this respect, it differs markedly from the 
similar dichloro-derivative obtained from piperonyloin. According 
to formula I, the substance would be a derivative of aa-tetrachloro- 
s-diphenylethane, which is only attacked by glacial acetic acid at 200° ; 
this suggested the following experiment. 

One gram of the substance, C,,H,0,Cl,, was suspended in 10 e.c. of 
glacial acetic acid and heated to 200° for two hours. On cooling, 
0°37 gram of the unchanged material was collected. The almost black 
filtrate gave an intense catechol reaction with ferric chloride; the 
acetic acid was therefore distilled off under diminished pressure, and 
the residue was boiled with water and animal charcoal. The almost 
colourless filtrate deposited in a vacuum over sulphuric acid a minute 
quantity of long needles, which decomposed at 290—300° without 
melting. They were insoluble in cold water, but dissolved readily in 
alcohol ; the alcoholic solution gave a green coloration with ferric 
chloride, changing to reddish-brown by a trace of alkali. 

The fact that the whole of the chlorine was not removed, and that 
no tetrahydroxybenzil was obtainable, would indicate that some of the 
chlorine was in the benzene nuclei, and would therefore support 
formula II. The amount of substance available did not, however, 
allow us to investigate this point further. 


THE WELLCOME PuysioLogicAL RESEARCH LABORATORIES, 
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LXIX.—The Solubility of Iodine in Water. 


By Harotp Hartiey and Norman PHILiips CAMPBELL. 


Tue solubility of iodine in water has been determined by a number of 
observers, and their results lead to very different values. For instance, 
at’ 256°, Meyerhoffer (Zeitsch. physikal. Chem., 1888, 2, 594) found 
0-426 gram per litre, Noyes and Seidensticker (Zeitsch. physikal. Chem., 
1898, 2'7, 388) at 25° found 0°3404 gram per litre, and McLauchlan 
(Zeitsch. physikal. Chem., 1903, 44, 687) at 25° found 0279 gram per 
litre. Determinations at other temperatures have been made by 
Dossios and Weith (Jahresber., 1869, 52, and 220), Wittstein (Jahresber., 
1857, i, 123), and Dietze (Chem. Centr., 1898, i, 1094), and they do not 
show much better agreement. 

Some of these discrepancies in the older values are probably due to 
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the presence of impurities in the water or in the iodine, or to the use 
of soft glass vessels from which the water dissolved alkalis, as the 
solubility is greatly increased by any substance which gives rise to the 
formation of polyiodide in the solution. 

In the experiments now described, care was taken to purify both 
iodine and water as far as possible, and the determinations were 
carried out in borosilicate glass apparatus, in which the conductivity 
of the water showed practically no change even after long standing. 

Our result at 25° is in excellent agreement with Noyes and Seiden- 
sticker’s experimental value, and we agree with the same authors in 
finding that the solubility of iodine in water does not increase 
progressively with time, as found by Dossios and Weith. 

Materials.—The iodine was purified by Ladenburg’s method (Ber., 
1902, 35, 1256). Silver iodide was shaken with concentrated 
ammonia for twenty-four hours to dissolve any traces of silver chloride 

_or bromide, then filtered and washed, and reduced with zine and dilute 
Sulphuric acid. The solution was treated with a mixture of oxides 
of nitrogen from nitric acid and starch, the precipitated iodide filtered, 
twice distilled in steam, then mixed with barium oxide and sublimed, 
and kept in a desiccator over calcium iodide. All the materials used 
were carefully tested to see that they were free from chlorine and 
bromine. 

The water was distilled from alkaline and acid permanganate, and 
its specific conductivity varied from 1 to 15 gemmhos at the room 
temperature. 


EXPERIMENTAL. 


For the first series of experiments, iodine and water were stirred 
rapidly in a Jena glass flask, placed in a thermostat, but it was found 
that true saturation was never attained in an open flask, owing to the 


rapidity with which the iodine volatilised from the surface layer, so aj 


closed apparatus was used of the form shown in the figure. It held 
about a litre of water, and to this was added excess of iodine, the 
glass caps, A and B, were then fixed firmly on with rubber tube and 
wire, and the vessel was rocked in a thermostat in the way shown in 
the figure, the connecting rod, R, having an eccentric attachment to a 
small flywheel driven by a motor. In order to withdraw a sample of 
solution for analysis, the vessel was detached from the rocker, both 
caps were removed, and the flask, D, was attached to B by means of 
the ground-joint, (’, and immersed in the thermostat. The solution 
was then sucked over into D, any solid iodine being stopped by the 
glass-wool in Z. 

The flask, D, which had a ground-stopper, was weighed before and 
after the solution was drawn over, some solid potassium iodide being 
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placed in it to diminish the volatility of the iodine and thus prevent 
loss. Excess of V/100 sodium arsenite solution was then added to the 
iodine solution, the amount being determined by weighing, and the 
small excess was titrated back with V/100-iodine solution, using starch 
as indicator. In working with W/100-sodium arsenite, it was found 
necessary to add about 12 grams of sodium bicarbonate per litre in 


el he icra 


order to secure a quick indication of the end point. The starch solution 
was sterilised in the way described by Treadwell. For each deter- 
mination, a quantity of iodine solution, varying from 90 to 160 grams, 
was withdrawn in this manner. 

In the following table, column I gives the time in hours, and 
column II gives the weight of iodine in grams per 1000 grams of 
solution ; 
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Temp. 18°. Temp. 25°. Temp. 35°. Temp. 45°. Temp. 55°. 
— 


ia i — aE, oa 

> II. ) A Il. ; a. I, rt. I. Il. 
324 0°2782* 0°3318 5§  0°4631t «= 06 452 42 0°9259* 
57 = 02841 sf =0°3393* $ 0°4659* 47} 0°6473" 53 0°9157* 


0°2915 6 0°3371 0°4659* ) 0:6435} 0°9233* 


0°2998 0°3393* - 0°6467* 
0°3006 # 0°3395* _— 
0°3130 _ 


0°2743* - oo -- 
0°2785* —_ 
0°2746* _— 


* Value used in calculating mean. + Stirring stopped during night. 
t Slight uncertainty in titration. § Temperature not constant. 


The mean values for the five temperatures are : 


18° ‘2765 gram of iodine per 1000 grams of water 
25 "3396 
9 99 9 9° 
4 . 
36 > ” ’? 
“ ‘ ” ” ” 
55 y ? ” ” 


It will be seen that the solutions took from one to two days to reach 


the point of saturation even in a closed vessel. The results show fair 
agreement considering the possible experimental errors and the 
large temperature-coeflicient of the solubility. The deviations at 18° 
must have been due to some impurity introduced during the first 
withdrawal of solution, as in the third series, when fresh material was 
introduced, the solubility fell to its original value. 

The molecular heat of solution of iodine in water has been calculated 
by means of the formula 


where C’, and C, are the concentrations at temperatures 7’, and 7’,, and 
Q is the molecular heat of solution, which is assumed to be constant 
between 7’, and 7',, a condition which is not strictly fulfilled. 

Baxter, Hickey, and Holmes (J. Amer, Chem. Sc., 1907, 29, 127), 
from their determination of the vapour pressures of iodine between 0° 
and 55°, calculated its molecular heat of vaporisation to be 
approximately constant and equal to 15:1 Cals.; the molecular heat 
of vaporisation from solution must be equal to the difference between 
heats of vaporisation and of solution. 

The values are given in the following table : 
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Mol. heat of Mol. heat of vaporisation 
Temp. solution in Cals. from solution in Cals. 
21°5° 5°09 10°01 
30°0 5°82 9°28 
40°0 6°44 8°66 
50°0 7°38 772 
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LXX.—The Sulphination of Phenolic Ethers and the 
Influence of Substituents. 


By Samue Sizes and Ropert Le Rossicnov. 


In a previous paper (Trans., 1906, 89, 696), the authors showed 
that the interaction of thionyl chloride and phenetole takes place in 
three successive stages, which are marked by the formation of the 
sulphinic acid, sulphoxide, and sulphonium salt. The whole reaction 
may be formulated thus : 
EtO:C,H, —> EtO-C,H,°SO-OH —> 

(EtO°C,H,),SO —> (EtO-C,H,),S°OH, 

To this process, where quadrivalent sulphur is introduced, we 
propose to apply the term sulphination in distinction to the name 
sulphonation which is given to the substitution of that element in 
the sexavalent condition. 

In the communication above referred to, we were unable to isolate 
the phenetolesulphinic acid which should form the primary product of 
the reaction. We were limited to showing that this acid could be 
transformed by condensation with phenetole to a sulphoxide and 
sulphonium base, which were identical with the products obtained by 
the interaction of phenetole and thionyl chloride. It seemed desirable 
therefore to obtain a more direct proof that the sulphinic acid is 
the initial stage of sulphination. The object with which these 
experiments were undertaken was twofold, namely, (1) to show that 
a sulphinic acid is formed during the sulphination of an aromatic com- 
pound, and (2), since this result was achieved by employing a substi- 
tuted phenolic ether, to study the effect of substitution on the course 
of this reaction. These may be considered separately. 

Owing to the somewhat violent action of thionyl chloride and 
aluminium chloride on the phenolic ethers, we found it necessary to 
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devise a milder sulphinating reagent which could be more easily con- 
trolled. We found gaseous sulphur dioxide and aluminium chloride 
to be the most suitable reagent. Whilst our experiments with this 
reagent were nearing completion, we communicated in June, 1906 
(Proc., 1906, 22, 158), an outline of the results to the Society. A 
few weeks later, we heard from Prof. Knoevenagel that he also was 
engaged on similar work, and he directed our attention to the fact that 
at his instance a patent had already been taken out (Knoll & Co, 
D.R.-P. 171789 Sept. 16, 1905) for the preparation of sulphinic 
acid by this method; but here no mention was made of the 
formation of sulphoxides or sulphonium bases. Since our ex- 
periments had for the greater part not dealt with the substances 
examined by Prof. Knoevenagel, we agreed with him roughly to divide 
the field of investigation. 

The action of this reagent on benzene has been previously noticed 
by Friedel and Crafts (Ann. Chim. Phys., 1888, [vi], 14, 443), by 
Adrianowsky (J. Russ. Phys. Chem. Soc., 1879, 11, 119), and by 
Colby and Loughlin (Ber., 1887, 20,195). The first-named investi- 
gators merely state that they obtained benzenesulphinic acid by passing 
gaseous sulphur dioxide into a warm mixture of benzene and aluminium 
chloride ; they do not give the quantities of the reagents or the yield of 
acid. Adrianowsky led sulphur dioxide over hot aluminium chloride 
and thus obtained the compound AICI,,SO, ; this was found to react 
with warm benzene, giving benzenesulphinic acid. Colby and Loughlin, 
in describing their investigation of phenyl sulphoxide, mention that 
they obtained this substance by the action of sulphur dioxide on hot 
benzene and aluminium chloride. Finally, as above mentioned, Prof. 
Knoevenagel (loc. cit.) showed that sulphinic acids may be obtained 
in excellent yield by the action of gaseous sulphur dioxide on a 
mixture of an aromatic hydrocarbon and aluminium chloride; in the 
patent referred to, the example of benzenesulphinic acid is quoted. 
We have independently found (Proc., 1906, 22, 158) that these 
reagents may be generally applied to the preparation of either 
aromatic sulphinic acids, sulphoxides, or sulphonium bases. It is 
shown in subsequent pages that the type and quantity of the products 
depend on the nature and position of the groups already attached to 
the aromatic nucleus. In some cases the reaction is confined to the 
preliminary stage, the sulphinic acid being then the sole product ; in 
others the sulphination is more complete and the sulphonium base is 
formed, whilst with some substances the sulphination proceeds only 
as far as the intermediate stage, and_with these the sulphoxide may 
preponderate. 

The action of sulphur dioxide on a mixture of the aromatic substance 
and aluminium chloride takes place readily even at 0°. The mixture 
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rapidly absorbs the gas, and in a short time becomes warm, evolving 
hydrogen chloride. 

With regard to the mechanism of the reaction, it might be supposed 
that the gas on entering the solution is converted by the aluminium 
chloride into thionyl chloride, which would then act in the nascent state 
on the aromatic compound. This view, however, seems untenable. 
Baud (Ann. Chim. Phys., 1904, [viii], 1, 8) found that aluminium 
chloride and sulphur dioxide unite at the ordinary temperature, forming 
the compound A1,Cl,,280, (see also Adrianowsky, Joc. cit.) ; he also 
showed that when this substance is heated to 80°, it decomposes into 
sulphur dioxide and the compound AJ,C],,SO,, and the latter on further 
heating to about 200° yields sulphur tetrachloride ; but according to the 
above hypothesis the compound A1I,Cl,,SO, when heated should yield 
thionyl chloride and an oxychloride of aluminium. Furthermore, the 
interaction of thionyl chloride, benzene, and aluminium chloride at the 
ordinary temperature gives (Colby and Loughlin, Joc. cit.) phenyl 
sulphoxide, whilst sulphur dioxide under the same conditions furnishes 
benzenesulphinic acid alone. 

The contrast between the action of this reagent and that of thionyl 
chloride can be seen in the cases of benzene and m-5-xylenol methyl 
ether. In both instances, thionyl chloride furnishes less sulphinic acid 
and more sulphoxide than is obtained with gaseous sulphur dioxide, and 
with the xylenol ether the yield of sulphonium salt is also greatly in- 
creased. In spite of the milder action of sulphur dioxide, we have not 
been successful in isolating phenetolesulphinic acid from the products of 
sulphination of phenetole ; nevertheless we have been able to obtain the 
acid from more complex phenolic ethers. p-Cresol methyl ether yields 
the sulphinic acid and sulphoxide, whilst the methy! ether of m-5-xylenol 
gives the three types of product: sulphinic acid, sulphoxide, and 
sulphonium base. These facts, together with those already advanced 
Trans., 1906, 89, 696), furnish definite proof that the sulphinic acids 
are the primary products of sulphination. 

The influence of substitution on the course of the reaction was 
ollowed by examining the behaviour of various phenolic ethers. The 
pxperiments were conducted in a roughly quantitative manner, and a 
summary of the results is appended in the following table. In the 
irst column, the compounds submitted to sulphination are given, whilst 
n the second, third, and fourth the yields of sulphinic acid, sulphoxide, 
sulphonium chloride from 20 grams of material are shown : 
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Yield in Yield in 

grams of Yield in ms of 

sulphonic gramsof _ sulphonium 
Twenty grams of acid. sulphoxide. 


Toluene 

Anisole 

INS iis dciena tan (eksab iid ins sapectens 

m-Cresol methyl ether 

Resorcinol dimethyl ether 

Quinol dimethyl ether ..................... 
» » »» (SOCI,) 

p-Cresol methyl] ether 

m-5-Xylenol methyl ether ............... 

SOC 


3 9? 2? * Pes 


* Contain sulphide. 


In each case the sulphination was carried out under as nearly as pos- 
sible the same conditions ; these together with the methods of isolat- 
ing the products are described in the experimental part of this paper, 
The figures quoted for the yields are only approximate, but they are 
sufficient to show the relative amounts of each type of product formed 
during sulphination of each compound. 


Constitution of the Products. 


Before discussing the effect of substitution on the course of tle 
reaction, it is necessary to consider the position taken up by thi 
sulphinic group on combining with the aromatic nucleus in each o 
these substances. 

Toluene.—The sulphinic acid obtained is identical with that prepare 
from p-toluidine ; it is therefore the para-derivative. 

Phenetole.—It has already been shown that with phenetole tl 
sulphur group takes up the para-position with respect to the ethoxy 
(Smiles and Le Rossignol, Trans., 1906, 89, 698). This was demor 
strated from the facts that the phenetyl sulphoxide obtained is al 
formed by condensation of phenetole-p-sulphinic acid with phenetol¢ 
and that it may be oxidised to phenetole-p-sulphone. 

Anisole.—Similar facts have been collected to show that, also, wit 
anisole, substitution takes place in the para-position. Anis 
sulphoxide when oxidised yields the anisylsulphone which is obtaine! 
by methylation of phenol-p-sulphone. Further, Loth and Michaeli 
(Ber., 1894, 2'7, 2540), by the action of thionyl chloride and aluminius 
chloride in warm ethereal solution on anisole, obtained the anisj 
sulphide which Mauthner (Ber., 1906, 39, 3593) has recently show 
by synthesis from p-anisylmercaptan and p-iodoanisole to be th 
para-derivative. 
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p-Cresol Methyl Hther.—Here the sulphinic group enters the ortho- 
position with respect to the methoxyl group. This is proved as 
follows. The methyl ether of p-cresolsulphinic acid may be oxidised 
in alkaline solution to a sulphonic acid, which is identical with that 
obtained by sulphonation of the ether. The same chloride and amide 
are furnished by the sulphonic acid from either source. Now Alleman 
(Amer. Chem. J., 1904, 31, 25; see also Metcalf, ibid., 1893, 15, 320) 
has shown that sulphonation of the ether takes place in the ortho- 
position with respect to the methoxyl group, yielding y-methoxytoluene- 
m-sulphonic acid. Hence the sulphinic acid formed from p-cresol 
methyl ether is py-methoxytoluene-m-sulphinic acid. Additional strength 
is given to this conclusion by the fact that Gattermann (Ber., 1899, 
32, 1144), on treating the diazonium salt of p-methoxy-m-toluidine 
with copper powder and sulphurous acid, obtained a sulphinic acid of 
the same melting point as that furnished by direct sulphination. 
We have not, however, submitted these two products to a closer 
comparison. 

Quinol Dimethyl Ether.—Here the sulphinic group must occupy the 
ortho-position with respect to a methoxyl group. 

From these instances, it is clear that on sulphinating the phenolic 
ethers the quadrivalent sulphur group enters the same position as the 
sulphonic group during sulphonation, and, indeed, this is to be 
expected from the general rules of substitution. It is well known 
that sulphonation of phenetole yields either the ortho- or para- 
sulphonic acids or both, according to the conditions of the reaction, 
and it is worth remarking that we have already observed (Trans., 
1906, 89, 699) the formation of isomeric sulphonium salts during the 
interaction of thionyl chloride and phenetole. 

Although in the three remaining ethers, resorcinol dimethyl] ether, 
m-cresol methyl ether, and m-5-xylenol methyl ether, we have not been 
able to obtain direct proof of the position of the entrant sulphur 
group, there is little doubt from the behaviour of the ethers previously 
described that this is introduced in the para-position with respect to 
the methoxyl group. In the case of m-cresol, the conclusion is con- 
firmed by the results of sulphonation, which yield m-hydroxytoluene- 
o-sulphonic acid (Claus and Krauss, Ber., 1887, 20, 3089). Beyond 
the analogy with other ethers, furthur evidence is lacking to show the 
structure of the sulphinic derivatives of m-5-xylenol ; it is probable 
that the sulphur group occupies the para-position with respect to the 
methoxyl, but for the present purpose it is immaterial whether it takes 
the para or ortho situation, in either case the quadrivalent sulphur 
has two adjacent groups in the ortho-position. The following formulx 
represent the constitution of these substances : 

3D 2 
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Discussion of Results. 


The varying nature and amounts of the products obtained by 
sulphinating these ethers can be readily explained by considering the 
directing influence which the groups already attached to the benzene 
nucleus exert on the entrant quadrivalent sulphur group, and by the 
steric conditions under which the latter is placed. Although these 
influences are well known and often referred to by chemists, a few 
words on the sense in which we wish to apply them to the present 
question may not be out of place. By directing influence, we mean 
not only the guiding influence which a group exerts on another about 
to combine with the substance, but also the reactivity which it imparts 
to the benzene nucleus. On examining the parent substance, benzene, 
it seems that this is not very reactive, since only the sulphinic acid is 
formed ; evidently, under the given conditions, benzene does not react 
with benzenesulphinic acid to give the sulphoxide. On the other 
hand, a derivative which contains a group of strong directing in- 
fluence, such as methoxyl appears to be, will be inclined. by virtue of 
its increased reactivity to yield the later stages of the reaction ; at 
the same time, the sulphinic group is directed to a special position, 
which, in this case, is ortho or para to the methoxyl. Thus anisole, 
in contrast to benzene, furnishes a large amount of the sulphonium 
salt, a small quantity of p-anisyl sulphoxide, and no sulphinie acid. 

With regard to the influence of steric* conditions, it is well known 
that often in aromatic compounds the reactivity of a group seems to 
be lessened if the ortho-position is occupied. In many reactions 
notably the semidine change (Jacobson, Annalen, 1895, 287, 97 
1898, 303, 290), and the formation of rosanilines (Noelting, Ber. 
1889, 22, 2573), these steric influences have been regarded from 
another standpoint: they are assumed to control the :reaction iy 
such a way as to avoid a product which contains accumulate¢ 
ortho-substituents. It is this view which we adopt in the followin; 
discussion. 


* We employ this term with some reserve, since Stewart and Baly (Trans., 1906, 
89, 489) have shown that the differences in reactivity of substituted quinone 
which have usually been ascribed to steric influences are due to quite differen’ 
causes, 
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As already explained, it seems that in a substance which contains a 
group of strong directing influence the tendency will be to form the 
sulphonium base, but if the sulphur group enters the ortho-position 
with respect to a group already present, the reaction will be toa 
certain extent restrained, since ortho-substitution increases on passing 
through the successive stages. It is clear, then, that directing and 
steric influences will oppose one another, and, at any rate in the cases 
which we have examined, we think that by this conflict the varying 
products of sulphination can be satisfactorily explained. 

With phenetole and anisole, substitution takes place in the para- 
position with respect to the methoxy] or ethoxy! group, and, there being 
no substituent in the ortho-position to the quadrivalent sulphur, the 
sulphination proceeds undisturbed by steric influences. The product is 
almost entirely sulphonium salt. 

In the next pair of ethers, «those of p-cresol and quinol, the 
sulphinic group takes up the ortho-position with respect to the 
methoxyl. The sulphinic acid (I), sulphoxide (II), and sulphonium 
base (III), which form the three successive stages of the reaction, 
would have the configurations : 


and it is evident that, as the reaction proceeds, ortho-substituents are 
accumulated. With these ethers, the sulphonium salt is not formed 
during sulphination under the given conditions, the product consists 
chiefly of sulphoxide, and, in the case of p-cresol, an appreciable quantity 
of sulphinic acid. This suppression of the sulphonium salt is clearly 
due to the inhibiting action of the ortho-substitution, which attains the 
maximum at this stage. 

Turning now to the ethers of resorcinol and m-cresol, we again find 
that the sulphinic group takes up an ortho-position with respect to 
methyl or methoxyl, and the configuration of the three products will be 
as before, the sulphoxide being doubly ortho-substituted, and the 
sulphonium salt trebly so. The steric relations in these substances are 
therefore similar to those in the above-mentioned ethers of p-cresol and 
quinol, but the products of sulphination are very different. In both 
cases, the chief product is the sulphonium salt, with a very small 
quantity of sulphoxide. Here it is evident that the steric inhibition 
is overcome by the directing influences of the methyl and methoxyl 
groups, and it will be seen in resorcinol and m-cresol methy! ether (1) 
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that these reinforce one another at the point of substitution, 
7 * 
x7 \giv . 
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whilst with quinol and p-cresol methyl ether (II) they do not. In the 
latter pair of ethers, the inhibiting effect of triple ortho-substitution is 
sufficient to overcome the comparatively weak directing influences 
but in the first-named ethers the directing influences are strengthened 
and the steric effect is in turn overcome. 

The next ether, that of m-5-xylenol, shows yet a different behaviour. 

The three stages in the sulphination of this substance would have 
the configuration : 


4 
x x x ( 
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whence it is seen that the sulphinic acid would contain two ortho- 
substituents, the sulphoxide four, and the sulphonium base six. In 
comparison with m-cresol ether, the directing influences are 
strengthened, since the three substituents reinforce one another ; but at 
the same time the steric inhibition is greatly augmented by the 
increased ortho-substitution, and its action is now sufficient to affect 
the course of the sulphination. Thus it is found that the sulphinic 
acid appears as the chief product, whilst the sulphonium base is almost 
completely suppressed, less than 1 gram of this being formed from 
20 grams of the ether. From the same amount of m-cresol ether, 
16 grams of sulphonium salt were obtained, and the sulphinic acid 
could not be detected. 

The ethers of phenol, m-cresol, and m-5-xylenol thus form a series 
in which both directing and steric influences increase. In the first two 
substances, the directing influences are dominant, but with the third, 
as mentioned above, steric hindrance comes into play. The effect of 
steric hindrance may also be brought out by lessening the directing 
influences, as on passing from m-cresol to p-cresol. The latter substance 
yields no sulphonium salt. 

It is of some interest to compare the behaviour of toluene and 
phenetole. With the former substance the second and third stages 
of the reaction are almost suppressed, whilst with the ether the 
sulphonium salt is formed in large quantity. Evidently this is due to 
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the weaker directing influence of the methyl group, the steric relations 
in the two cases being similar. 

Finally, we wish to remark that when it is stated that the sulphonium 
salt is not formed, we do not necessarily mean that this does not exist. 
Thus, in the case of p-cresol ether, it is shown that the use of a 
stronger condensing reagent than aluminium chloride readily furnishes 
the sulphonium base. It should be further noticed that a different 
sulphinating agent may lead to very different results, and this can be 
seen by comparing the action of sulphur dioxide with that of thionyl 
chloride in m-5-xylenol ether. The latter agent increases the yield of 
the sulphonium salt and lessens that of the sulphinic acid. In fact, 
what has been said of the sulphination of these phenolic ethers only 
refers to the reaction as carried out under the special conditions 
described in the experimental part of this paper. 


EXPERIMENTAL, 


In all the subsequent experiments, unless otherwise stated, the 
sulphination was carried out as follows. The liquid to be sulphinated 
was first gradually mixed with an equal weight of finely-powdered 
aluminium chloride. During the process, considerable heat was 
developed, hence the contents of the flask were thoroughly cooled in 


order to avoid hydrolysis of the phenolic ether. The vessel having 
been immersed in melting ice, gaseous sulphur dioxide was allowed to 
bubble through the liquid contents, the passage of the gas being 
regulated so as to confine the temperature of the solution below 15°. 
The process was continued until the mixture was saturated or had 
become solid, Finally, the product was set aside at the atmospheric 
temperature for two hours, and then decomposed with powdered ice or 
cold water. Usually the process of sulphination occupied from six to 
eight hours. 

The method of isolating the products was varied according to the 
requirements of each case. Generally the acid liquid obtained by 
decomposing the product of sulphination was extracted with chloroform 
in which the three substances sulphinic acid, sulphoxide, and 
sulphonium chloride are soluble. 

The presence of either of these products was established by the 
isolation and analysis of the substance in question. On the other 
hand, the conclusion that they were absent rests on a rather less firm 
basis. The absence of the sulphinic acid was inferred from the results 
of examining the alkaline extract from the chloroform solution, The 
sulphonium salts were tested for by adding aqueous chloroplatinic acid 
to the original acid liquid or to the aqueous extract from the chloroform 
solution ; the platinichlorides of these bases are very sparingly soluble 
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in water, and if no precipitate was obtained in applying this test it 
was inferred that the base in question was absent. Since these tests 
are by no means quantitative, any negative conclusion drawn from 
them is clearly somewhat insecure. Hence, when it is mentioned that 
neither sulphinic acid nor sulphonium base are present, the state- 
ment is made with some reserve ; the substances may occur in very 
small quantity, but far too small to be isolated, and certainly not 
sufficient to affect the general conclusions drawn from these experi- 
ments, 


Benzene. 


Benzenesulphinic Acid.—Sulphination as above. On treatment with 
ice and hydrochloric acid, the mass furnished a pale yellow solid, which 
was collected and dissolved in dilute aqueous sodium hydroxide, 
Benzenesulphinic acid was precipitated from this alkaline solution by 
the addition of dilute mineral acid. Twenty grams of benzene yielded 
10 grams of the acid. Neither sulphoxide nor sulphonium salt were 
observed in the product of sulphination under the above conditions. 
On account of its cheapness and the ease with which it is carried out, 
this method of preparing benzenesulphinic acid is superior to the 
reduction of the sulphonic chloride or to the decomposition of benzene- 
diazonium salts with copper powder. 


Toluene. 


Toluene-p-sulphinic Acid.—Sulphination as above. By decomposing 
the product with water and hydrochloric acid, a yellow, solid mass 
was obtained; this was. dissolved in chloroform, and the solution 
was extracted with aqueous sodium hydroxide. The alkaline liquid 
was mixed with excess of dilute sulphuric acid and cooled; the 
toluenesulphinic acid which separated (8 grams) was collected and 
recrystallised, and it finally melted at 84—85°. A mixture of this with 
toluene-p-sulphinic acid, prepared from p-toluidine, melted at the same 
temperature. Small quantities, less than one gram, of sulphoxide 
and sulphonium chloride were respectively obtained from the chloro- 
form solution and from the original acid liquid. The presence of the 
sulphonium salt in the latter was recognised by precipitation with 
chloroplatinic acid. These substances were not closely examined. 
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Anisole. 


Anisyl Sulphowide, (Cg,H,*OMe),SO, and T'rianisylsulphonium, 
(C,H,"OMe),8-. 


—Sulphination as usual. The product was slowly poured into cold 
water, and the resulting liquid, after the usual addition of acid, was 
repeatedly extracted with ether. The united ethereal extracts were 
shaken with dilute aqueous alkali hydroxide, and, on acidifying this, a 
small quantity of phenol was obtained, but no sulphinic acid was 
detected. 

Anisyl Sulphoaxide.—-The ethereal solution was evaporated, and, after 
anisole had been removed by distillation in a current of steam, the 
residue was collected and dried. The product, anisyl sulphoxide, was 
almost pure ; when recrystallised from hot ethyl acetate, it formed 
colourless prisms which melted at 93—94° (Loth and Michaelis, Ber., 
1894, 2'7, 2540, give 96°). Analysis yielded the following data: 

0:2390 gave 0°5599 CO, and 0:1251 H,O. C=63:89 ; H=5°81. 

02355 ,, 01884 BaSO,, S=12°59. 

C,,H,,0,8 requires C= 64:12 ; H=5°34 ; S=12-21 per cent. 

Trianisylsulphonium. —The aqueous layer from the original ethereal 
extract was evaporated on the water-bath until a considerable quantity 
of oil had separated. The liquid was cooled, and then extracted with 
chloroform. Finally, the chloroform solution was distilled, and the 
oily residue of sulphonium chloride was dried in the steam-oven. Tri- 
anisylsulphonium chloride, when set aside at the ordinary temperature, 
gradually solidifies to a mass of colourless needles, which are soluble in 
water, alcohol, or chloroform. For analysis, the salt was converted 
into the platinichloride. 

Trianisylsulphonium platinichloride separates from a warm mixture 
of alechol and epichlorohydrin in orange needles which melt at 221°: 

0:2197 gave 0°3629 CO, and 0:0789 H,O. C=45°04; H=3:99. 

02513 ,, 0°0438 Pt. Pt=17-42. 

C,.H,,0,Cl,S,Pt requires C = 45°24; H=3°77; Pt=17°5 per cent. 

Twenty grams of anisole yielded 8 grams of anisyl sulphoxide 
and 15 grams of trianisylsulphonium chloride. In another ex- 
periment with the same quantity of anisole, 7 grams of sulphoxide and 
16 grams of sulphonium chloride were obtained. In neither case was 
anisylsulphinic acid detected. 

Anisylsulphone, (C;H,"OMe),SO,. (1) Oxidation of Anisyl Sulphoxide. 
—The sulphoxide was treated with potassium permanganate in glacial 
acetic acid solution (see Smiles and Le Rossignol, /oc. cit.). The product, 
when recrystallised from alcohol, formed colourless prisms which 
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melted at 129° (Loth and Michaelis, Joc. cit., give 120°, and Annaheim, 
Annalen, 1874, 172, 36, gives 130°). 

(2) Methylation of p-Phenolsulphone.—The methylation was effected 
with an alkaline solution of methyl iodide in methyl alcohol. The re- 
crystallised product melted at 129°, and was identical with the above, 
since a mixture of the two melted at the same temperature : 

02558 gave 0°2050 BaSO,. S=11'93 

C,,H,,0,8 requires S=11°51 per cent. 


Phenetole. 


Phenetyl Sulphowide, (C,H,;OEt),SO, and Triphenetylsulphonium, 
(C,H,*OEt),S:.—Sulphination as above. The reaction product was 
worked up by a process similar to that described with anisole. The 
products, phenetyl sulphoxide and triphenetylsulphonium chloride, 
were found to be identical with those obtained by the action of 
thionyl and aluminium chlorides on phenetole (Smiles and Le Rossignol, 
loc. cit.). Two experiments, each with 20 grams of phenetole, furnished 
respectively 1 gram of sulphoxide with 17 grams of sulphonium 
chloride, and 2 grams of sulphoxide with 18 grams of sulphonium 
chloride. 


m-Cresol Methyl Ether. 


m-Methoxytolyl Sulphowide, (C,H,Me*OMe),SO, and Tri-m-methoay- 
tolylsulphonium, (C,H,Me:OMe),S:.—The sulphination and method 
of treatment were the same as with anisole. The sulphoxide was 
isolated as a pale yellow oil; this was covered with dry ether, and 
set aside at the ordinary temperature. After the lapse of two 
weeks, the substance crystallised in colourless prisms, which were 
collected and purified from ethyl alcohol. m-Methoxytoly! 
sulphoxide melts at 83—84°, is soluble in hot ethyl acetate or 
alcohol, and gives a deep violet solution with concentrated sulphuric 
" acid : 

01589 gave 0°3840 CO, and 0°0844 H,O. C=65:°90; H=5-90. 

0:2264 ,, 01484 BaSO,. S=11°32. 

C,,H,,0,8 requires C=66'20; H=6:20; S=11-03 per cent. 

The crude sulphonium chloride formed a viscous liquid which did not 
show signs of crystallisation until it had remained four or five weeks 
under dry ether. It was converted into the platinichloride. 

m-Methoxytotylsulphonium platinichloride forms orange-coloured 
plates which melt at 138—140°: 

0°1990 gave 0°3501 CO, and 0:0829 H,O. C=47:9; H=4°62. 

01646 ,, 00272 Pt. Pt=16-52. 

C,,H;,0,C1,S,Pt requires C= 48-08 ; H=458; Pt=16:27 per cent. 
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Twenty grams of m-cresol methyl] ether furnished 3 grams of 
silphoxide and 16 grams of sulphonium base. No sulphinic acid was 
detected. 


Resorcinol Dimethyl Ether. 


tris-m-Dimethoxyphenylsulphontum, (C,H,*OMe),S:.—Sulphination 
as usual. The product was decomposed with ice-water, and then 
separated from unchanged phenolic ether by distillation in a current 
of steam. The residue was repeatedly extracted with hot water. 
The united extracts were filtered to remove small quantities of oily 
impurity, and were then set aside to cool. 

The sulphonium chloride separated at first as an oil, but later in the 
crystalline form. When the liquid had cooled, the solid was collected. 

tris-m-Dimethoxyphenylsulphonium chloride separates from warm 
moist acetone in flocculent aggregates of minute needles which melt at 
129—130°. The substance is sparingly soluble in cold acetone or water, 
and extremely so in alcohol. It contains water of crystallisation ; an 
air-dried sample was heated to constant weight at 110°, when it was 
found that : 


0°1697 lost 0:0266 H,O. H,O=15-67. 
01663 ,, 00262 H,O. H,O=15-75. 
C,,H.,0,C1IS,5H,O requires H,O = 15°81 per cent. 
Determinations of halogen and of sulphur were made in the air-dried 
substance : 
0:2481 gave 0°0652 AgCl. Cl=6-49. 
02419 ,, 0:1076 BaSO, S=6:10. 
©,,H,,0,CIS,5H,O requires Cl= 6:24 ; S=5-63 per cent. 
The anhydrous salt was also analysed : 


0:1431 gave 0°3134 CO, and 0:0762 H,O. C=59:'72; H=5°91. 
C,,H,,0,CIS requires C= 60°19 ; H=5:64 per cent. 


This sulphonium chloride gives an intensely reddish-violet solution 
with concentrated sulphuric acid. 

The platinichloride was isolated as a flesh-coloured, crystalline powder, 
which was insoluble in water. It melts at 153—155°: 


0:1852 gave 0°0273 Pt. Pt=14°74. 

C,3H;,0;.C],S,Pt requires Pt = 15°06 per cent. 

The residue from which the chloride had been extracted with water 
consisted of a pale brown, amorphous mass. This apparently contained 
at least two substances, one of which was soluble in hot alcohol, and 
the other quite insoluble ; but, since attempts to purify them were 
not successful, it remains doubtful at present whether either was the 
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required sulphoxide. Both substances imparted a reddish-violet colour 
to concentrated sulphuric acid. 

In the above method of treatment, the product of sulphination jg 
submitted to distillation with steam, and for this reason the process 
would not be suitable for isolating the sulphinic acid, should it bs 
formed, since substances of this class are readily decomposed by hot 
aqueous mineral acids. Hence another experiment was performed in 
which the sulphinic acid was especially sought for, but none could be 
found. 

Twenty grams of resorcinol dimethyl ether yielded in two different 
experiments 15—16 grams and 12 grams of sulphonium chloride. The 
formation of sulphoxide could not be proved, but it probably occurs in 
small amount. 

Judging from analogy to quinol dimethyl ether (see later), the 
amorphous mass above referred to probably consists of a mixture of 
sulphide and sulphoxide. 


p-Cresol Methyl Ether. 


Sulphinic Acid, MeO-C,H,Me*SO,H (Me: OMe:SO,H=1:4:3), and 
Sulphowide, (MeO-C,H,Me),SO.—Sulphination as usual. The mixture 
of aluminium salts was decomposed in the usual manner with ice 
water and hydrochloric acid. The sulphinic acid and sulphoxide nov 
appeared as a crystalline suspension in the acid liquid; they wer 
removed by extraction with chloroform. p-Methoxytoluene-m-sulphini: 
acid was isolated by first shaking the chloroform solution with aqueou: 
sodium carbonate and then acidifying the latter with dilute mineral 
acid. After recrystallisation from hot water, it melted at 96—97 
(Gattermann, Ber., 1899, 32, 1144, gives 97°) : 


0:2047 gave 0°3865 CO, and 0°0998 H,O. C=51:49; H=5-40. 
C,H,,0,S requires C=51‘6 ; H=5:37 per cent. 

This acid gives a bright blue solution with concentrated sulphurit 
acid. 

Oxidation of p-Methoxytoluene-m-sulphinie Acid to the Sulphoni 
Acid, MeO-C,H,Me-SO,H.—A solution of the acid in excess of aqueous 
alkali hydroxide was warmed on the water-bath with the calculate 
amount of potassium permanganate. Towards the end of the reaction, 
alcohol was added to remove the green colour. The liquid was then 
successively filtered, neutralised with carbon dioxide, and evaporated to 
dryness. The sulphony! chloride was prepared from the mixture of 
alkali salts ; it separated from acetone in large, colourless plates which 
melted at 83—84°. When set aside with cold strong ammonia for 
forty-eight hours, the chloride furnished an amide melting at 182°. 

Alleman (loc. cit.), by sulphonation of p-cresol methyl ether, 
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obtained a sulphonic acid which he showed to be of the structure 
Me0-C;H,Me-SO,H (Me :OMe:SO,H =1:4:3). According to the same 
author, the chloride and amide of this acid melt respectively at 
83°5—84° and 180—181°. We prepared these substances and were 
able to confirm the above temperatures of fusion. We also found that 
a mixture of the chloride or amide and the corresponding derivative 
prepared from the sulphinic acid melts at the same temperature as the 
pure substance from either source ; hence oxidation of the sulphinic 
acid yields the sulphonic acid of the above constitution. 

The chloroform solution from which the sulphinic acid had been 
extracted was dried and then distilled. The residue of almost pure 
sulphoxide was oily, but it immediately solidified on contact with dry 
ether. p-Methoxytoluene sulphoxide, (MeO-C,H,Me),SO, forms shining 
prisms, which melt at 133—134° and are soluble in hot ethyl acetate or 
alcohol. With concentrated sulphuric acid, it gives a deep violet 
solution, which is decolorised by the addition of p-cresol methyl 
ether : 

0:2938 gave 0°7089 CO, and 01654 H,O. C=65°81; H=6°26. 

02268 ,, 01839 BaSO, S=11-13. 

C,,H,,0,8 requires C = 66°20 ; H=6°2 ; S=11-03 per cent. 

No sulphonium chloride could be detected in the product of 
sulphination, 

From 20 grams of p-cresol methyl ether, 4 grams of sulphbinic 
acid and 14 grams of sulphoxide were obtained. In . another 
experiment, the yield of acid was about 3°5 grams and of sulphoxide 
12 grams. 

tris-p-Methoxytolylsulphonium, (MeO-C,H,Me),S:.—p-Cresol methyl 
ether was slowly mixed with a solution of the sulphoxide in concentrated 
sulphuric acid. When sufficient phenolic ether had been added to 
change the colour to pure red, the solution was poured into a large 
bulk of ice-cold water. The sulphonium sulphate then separated as a 
semi-solid precipitate, which was converted in aqueous solution into 
the chloride. The addition of chloroplatinic acid to the latter yielded 
tris-p-methoxytolylsulphonium platinichloride as a flesh-coloured —_ 
tate which melted at 230—231° : 

01511 gave 0°2653 CO, and 0:0590 H,O. C=47°88; H=4°33. 

01878 ,, 00300 Pt. Pt=15-97. 

C,,H,,0,Cl,8,Pt requires C = 48°08 ; H=4°5 ; Pb = 16°27 per cent. 
The substance is insoluble in water or alcohol. 
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Quinol Dimethyl Ether 


A mixture of equal weights of the phenolic ether and finely-powdered 
aluminium chloride was covered with carbon disulphide. Sulphination 
was then conducted as usual, fresh carbon disulphide being added 
from time to time to keep the mass sufficiently liquid to allow the 
passage of the gas. The product was a stiff brown mass ; it was 
decomposed with ice. Since special tests did not reveal the | 
presence of sulphinic acid, the contents of the flask were distilled ina 
current of steam until the quinol ether ceased to pass over. The 
remaining oil was separated from the acid mother liquor by shaking 
with chloroform, in which it dissolved readily. The chloroform 
solution was evaporated after repeated washing with water, and the 
residual oil was covered with ether and set aside in a desiccator. In 
about two weeks, it had solidified to a pale yellow, amorphous mass, 
which on further investigation proved to be a mixture. 

The more soluble constituent was removed by extraction with hot 
alcohol, from which it was precipitated by addition of water. The 
amorphous solid was redissolved in acetone, and, after the pale green 
solution had been boiled with animal charcoal, it was filtered and 
again precipitated with water. The substance was evidently 
p-dimethoxyphenyl sulphide, since analysis yielded the following 
result : ' 

0°1573 gave 0°3594 CO, and 0:0797 H,O. C=62:°3; H=5-62. 

C,,H,,0,S requires C=62'74 ; H=5-88 per cent. 

The colourless, amorphous substance thus obtained melts ai 
97—100°, and is soluble in acetone or hot alcohol. The insolubk 
constituent of the mixture was boiled with water to remove tli 
aluminium salts, to which it clung tenaciously. Thus p-dimethoxypheny 
sulphoxide was obtained as a colourless, amorphous powder melting a 
about 200°. It dissolves in concentrated sulphuric acid with a 
intense emerald-green colour, which is removed by the addition 0 
phenetole. It is insoluble in alcohol and sparingly so in hot acetone ‘ 

0-2048 gave 0:4470 CO, and 0:0980 H,O. C=5952; H=5:32: 

C,,H,,0,8 requires C=59°62; H=5°55 per cent. 

The yield of these substances was comparatively small, the weighi 
of the mixture obtained from 20 grams of phenolic ether being 
only 4 grams. No sulphonium salt could be detected. 

The action of thionyl chloride and aluminium chloride on the quinol 
ether was also investigated. Thionyl chloride was gradually mixed 
with a solution of quinol dimethyl ether in carbon disulphide to which 
aluminium chloride had been added. The mixture of sulphide and 
sulphoxide furnished by 27 grams of the ether weighed 22 grams, 
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and, from this, 8 grams of sulphide and 12 grams of sulphoxide were 
isolated. Again, neither sulphinic acid nor sulphonium salt could be 
detected in the products. 


m-5-Xylenol Methyl Hither. 


Sulphinie Acid, MeO°C,H,Me,°SO,H, Sulphoxide, 
(MeO-C,H,Me,),SO, 

and Sulphonium Base, (MeO-C,H,Me,),S*.—Sulphination as usual. 
The product was poured on broken ice, and, when the ensuing reaction 
had subsided, the mixture was extracted with chloroform. The 
sulphinic acid was removed from the chloroform solution by shaking 
with aqueous alkali carbonate, from which it was precipitated by the 
addition of mineral acid. 

5-Methoxy-m-aylene-2-sulphinie acid crystallises from hot water in 
slender needles which melt at 94—95°. It is sparingly soluble in cold 
water and readily so in alcohol. The solution in concentrated 
sulphuric acid exhibits a characteristic violet colour : 

0'1506 gave 0:2985 CO, and 0:0805 H,O. -C=54:04 ; H=5°93. 

C,H,,0,8 requires C=54:'0 ; H=6-0 per cent. 

The original extract now contained sulphoxide together with a very 
small quantity of sulphonium chloride. The latter was separated by 
warming with water the rgsidue left by evaporation of the chloroform. 
The sulphonium chloride crystallised from the cold aqueous solution 
in colourless needles, but the. quantity furnished by this experiment 
was so small that a more complete examination of the substance was 
postponed until a further quantity had been obtained by another 
method. ‘The viscous residue, now free from sulphonium chloride, was 
dried and then set aside in a vacuum, but it showed no tendency to 
crystallise until pure ether had been added. After the ethereal solution 
had remained about a week at the ordinary temperature, the crystal- 
line precipitate of sulphoxide was collected and recrystallised from 
alcohol. 

5-Methoxy-m-xylyl sulphoxide forms colourless, fiat prisms which melt 
at 154—155°. It is moderately soluble in cold alcohol and very 
sparingly so in ether. The solution in concentrated sulphuric acid is 
violet : 


01494 gave 0°1128 BaSO,. S=10°31. 
C,,H,,0,8 requires 8 = 10°06 per cent. 
Ten grams of the phenolic ether yielded 3:5 grams of sulphinic acid, 
about 0°7 gram of the sulphoxide, and a very small quantity of the 
sulphonium chloride. 
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Action of Thionyl Chloride on m-5-Xylenol Methyl Ether. 


A mixture of 10 grams of powdered aluminium chloride and an 
equal weight of phenolic ether was placed in a flask surrounded by ice, 
Five grams of thionyl chloride were then added, very slowly at first 
while the reaction was violent and more rapidly later. When shaken 
at intervals during the reaction, the mixture involved much hydrogen 
chloride. Finally, the deep violet product was set aside at the 
ordinary temperature for two hours and then decomposed in the 
usual way with powdered ice. The three products were isolated by 
the process which has already been described. 

The yields of the products when compared with those obtained with 
sulphurous acid illustrate the stronger sulphinating powers of thionyl 
chloride. Only about half a gram of sulphinic acid was isolated, 
whilst the yield of crude sulphoxide was 6 grams, but this contained 
an oily impurity, probably sulphide. The amount of sulphonium 
chloride . produced was also larger, 1 gram being formed by the 
sulphination of 10 grams of the ether. 

tris-5-Methoxy-m-xylyl-2-sulphonium chloride, (MeO-C,H,Me,),SCl, 
crystallises from hot water in long, colourless needles, which melt at 
103—105° and contain 7 molecules of water of crystallisation. 
A sample which had been dried in the air at the ordinary temperature 
was heated to 110° until constant weight was attained : 

0:2597 lost, at 110°, 0:0540 H,O. H,O= 20°79. 

0°1386 gave 0:0314 AgCl. Cl=5-60. 

C,,H,,0,C18,7H,O requires H,O = 21:05 ; Cl=5-93 per cent. 

This sulphonium chloride dissolves with a violet-brown colour iy 
concentrated sulphuric acid. 

The platinichloride was obtained as an orange-coloured, crystalline 
powder melting at 160°: 

0:1801 gave 0°3302 CO, and 0:0804 H,O. C=50-°0; H=4°96. 

01244 ,, 00192 Pt. Pt=15-43. 

C;,H,,0,Ci,S,Pt requires C=50°54; H=5°14; Pt=15-21 per cent. 


In conclusion, the authors wish to express their most hearty thanks 
to Professor Collie and to Dr. Stewart for their valuable criticism 
during the above experiments. 

THE OrGANIC CHEMISTRY LABORATORY, 
UNIVERSITY COLLEGE, 
LONDON. 


ANNUAL GENERAL MEKTING, 
Marcu 26rTuH, 1908. 


Sir Wiii1am Ramsay, K.C.B., F.R.S., in the Chair. 


Dr. A. McKenzie and Dr. G. T. Morgan were appointed Scru- 
tators, and the ballot was opened for the election of Officers and 
Council for the ensuing year. 

The President presented the Report of the Council on the pro- 
gress of the Society during the past twelve months, and the 
Treasurer gave a statement as to the Society’s income and expen- 
diture during the year 1907. 

The adoption of the Report of the Council, together with the 
Balance Sheet and statements of Accounts for the year ended 
3lst December, 1907, was proposed by Professor A. LivERSIDGE, 
seconded by Professor E. Divers, and carried unanimously. 

A vote of thanks to the Auditors, which was proposed by Dr. 
ALEXANDER Scott, seconded by Mr. Orto Henner, was acknowledged 
by Dr. H. Forster Mortey. 


Report oF THE CoUNCIL. 


As in recent years, the Council have the satisfaction of stating 
that the prosperity of the Society continues, both the number of 
papers read and the number of Fellows on the list showing a con- 
siderable increase. 

On the 3lst December, 1906, the number of Fellows was 2,860. 
During 1907, 137 Fellows were elected and 5 reinstated, making a 
gross total of 3,002. The Society has lost 30 Fellows by death; 
30 have resigned ; 1 election and 1 reinstatement have become void ; 
1 newly-elected Fellow has withdrawn, and the names of 43 Fellows 
have been removed from the list for non-payment of Annual 
Subscriptions. 

The total number of Fellows, therefore, at the 3lst December, 
1907, was 2,896, showing an increase of 36 over the number for the 
previous year. ° 
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The names of the deceased Fellows, with the dates of their 


election, are: 


A. C. Aitkin (1901). 

T. Andrews (1870). 

P. T. Austen (1877). 

A. Bottle (1873). 

W. Bowen (1903). 

E. Chapman (1868). 

E. D. Chester (1882). 

J. Clark (1876). 

George Davey (1893). 

A. Dupré (1860). 

J. Gale (1866). 

Sir D. Gamble, Bart. (1851). 
S. Hall (1876). 

L. F. V. Harcourt (1863). 
B. J. Harrington (1897). 


J. Ince (1867). 

F. Keeling (1883). 

C. O’Sullivan (1876). 

F. J. M. Page (1871). 

A. C. Palmer (1906). 

S. Parfitt (1906). 

Sir W. H. Perkin (1856). 
H. D. Perkins (1905). 

B. C. Polkinghorne (1899). 
W. Pritchard (1870). 

R. R. Swann (1905). 

J. F. Walker (1865). 

R. Warington (1863). 

H. A. Wetzel (1883). 

H. E. Wright (1900). 


The following Fellows have resigned: 


A. Amos, W. F. Grace. 
. C. Benson. R. Grimwood. 
. H. Boardman. W. B. Hards. 
. Cameron. G. H. U. Harrow, 
. Daniell. H. J. Hodges. 
. Divine. W. A. F. Lethbridge. 
. Dyson. H. Martin. 
A. T. Eutroppe. H. G. F. Micklewright. 
J. A. Faweett. J. T. Nance. 
G. Goldfinch. D. Northall-Laurie. 


A. N. Palmer. 

E. W. Sawdon. 

T. Steel. 

8. D. Stennitt. 

A. EK. Tanner. 

W. H. Templeman. 
J. H. Wainwright. 
J. W. Wells. 

H. Wilson. 

J. H. Wolfenden. 


The number of those Fellows who were elected prior to 1860 has 
been still further diminished by the death of Sir David Gamble, 
Bart., who was elected on March 17th, 1851, and Sir William H. 
Perkin, who was elected on December 15th, 1856. 

The number of Honorary and Foreign Members at the close of 
1906 was 33. No elections have taken place during 1907, but the 
Society has to mourn the loss of Professor Marcellin Berthelot, 
elected March Ist, 1860, deceased March 18th; Professor Dr. 
Dmitri Ivanovitsch Mendeléeff, elected February Ist, 1883, 
deceased February 2nd; Professor Dr. Nicolai Menschutkin, elected 
January 20th, 1898, deceased February 5th; and Professor Henri 
Moissan, elected January 20th, 1898, deceased February 20th. 
The number of Honorary and Foreign Members, therefore, at the 
3lst December, 1907, was 29. 
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During the year 1907, 268 scientific communications have been 
made to the Society, 203 of which have been published already in 
the Transactions, and abstracts of all have appeared in the Pro- 
ceedings. 

The volume of Transactions for 1907 contains 2,089 pages, of 
which 2,021 are occupied by 205 memoirs, the remaining 68 pages 
being devoted to the Faraday Lecture, the Obituary Notices, the 
Report of the Annual General Meeting, and the Presidential 
Address; the volume for the preceding year contains 186 memoirs, 
which occupy 1,890 pages. 

The Journal for 1907 contains also 4,686 abstracts of papers 
published mainly in foreign journals, which extend to 2,100 pages, 
whilst the abstracts for 1906 numbered 4,541, and occupied 1,912 
pages. 

The abstracts for 1907 may be classified as follows: 


No. of 
Pages. Abstracts. 


Organic Chemistry 1,104 1,831 


Part II. 
General and Physical Chemistry 725 


Inorganic Chemistry 622 
Mineralogical Chemistry 117 
Physiological Chemistry 545 
Chemistry of Vegetable Physiology and 

Agriculture 244 
Analytical Chemistry 602 


————- 


2,855 


Total in Parts I. and IL. ............ 2,100 4,686 


In the hope of diminishing the confusion which had arisen in the 
nomenclature of the proteins, consideration of the subject was under- 
taken by the Publication Committee, in conjunction with represen- 
tatives of the Physiological Society; the joint committee concluded 
their deliberations early in 1907, and their recommendations appear 
in the Proceedings for that year. 

Recognising the importance, from a public standpoint, of the 
Presidential Address delivered by Professor Meldola, F.R.S., in 
March, 1907, the Council have felt it desirable that his remarks on 
that occasion should attract the attention of a wider circle than is 
reached by the Society’s Transactions ; accordingly 5,000 copies of 
the address have been circulated among the members of various 
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public bodies, including both Houses of Parliament, and the Council 
hope that this unusual step will have the effect of bringing the 
subject of Professor Meldola’s discourse into suitable prominence. 

During the past year, the Society has had to mourn the loss of 
Sir William Perkin, which took place on July 14th, 1907, just twelve 
months after the International Celebration which marked the 
Fiftieth Anniversary of the Foundation of the Coal Tar Colour 
Industry. This is not the place in which to deal with the splendid 
achievements of the late Past President, or the qualities which 
endeared him to the Fellows, who will remember with melancholy 
satisfaction that he lived to participate in the widely-supported 
public appreciation of the preceding year, and in the subsequent 
commemoration celebrated in the United States. The marble bust 
of Sir William Perkin has now been placed in the meeting room, 
and a large photograph of the portrait painted by Mr. A. 8. Cope, 
A.R.A., is also the property of the Society, having been presented 
by Sir William a few months before his death. 

In view of the losses incurred during recent years through the 
death of several Honorary and Foreign Members, thereby reducing 
the number of survivors to 29, the Council recommended for election 
the following distinguished chemists: Professor A. E. J. Gautier, 
Professor Albin Haller, Professor J. W. Hittorf, Professor J. A. 
Le Bel, Professor H. L. Le Chatelier, Professor T. W. Richards, and 
Professor Otto Wallach. This recommendation was duly ratified by 
the Society at the meeting on Thursday, February 6th, 1908. 

An agreeable feature of the past year has been the Jubilee 
Celebration of the Société Chimique de France, and on that occasion 
an address of congratulation was presented by Sir William Ramsay, 
F.R.S., on behalf of the Society, which was represented also by 
Professor H. E. Armstrong, F.R.S., and Dr. Horace Brown, F.R.S. ; 
a commemorative medal has been received from the French institu- 
tion, and added to the Society’s collection. A somewhat similar 
event took place in September, when the Geological Society cele- 
brated their Centenary, the President being again delegated to 
offer the felicitations of the Chemical Society. A copy of the 
recently compiled History of the Geological Society has been since 
presented to the Library. 

Professor J. Bretland Farmer, F.R.S., accepted the invitation of 
the Council to deliver a discourse before the Society, and his 
lecture, entitled “Some Borderline Problems in Botany,” was 
greatly appreciated by the Fellows. 

Late in 1906, Geheimrat Professor Emil Fischer, F.R.S., an 
Honorary and Foreign Member since 1892, was nominated Faraday 
Lecturer, and gave his address, in German, on October 18th, 1907, 
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in the theatre of the Royal Institution, kindly lent by the managers 
for the occasion; at the termination of the lecture, entitled 
‘‘Synthetical Chemistry in its Relation to Biology,’ the Faraday 
Medal was presented to Professor Fischer by the President. 

In common with all corporate bodies engaged in scientific pur- 
suits, the Chemical Society has keenly deplored the death of Lord 
Kelvin, who, although not on the roll of Fellows, had been the 
guest of the Society on many occasions. At the request of the 
Council, the President transmitted to Lady Kelvin a resolution of 
sympathy, and the Society was represented at the funeral ceremony 
in Westminster Abbey. 

Professor W. Wislicenus, of Tiibingen, having initiated a 
memorial to the late Professor Lothar Meyer, the Treasurer was 
authorised to contribute from the funds of the Society, and the 
Council venture to hope that the memorial may be supported by 
individual Fellows. 

The ventilation of the meeting room and council chamber has 
occupied the attention of the House Committee, who have recom- 
mended the installation of electric fans; since their report was 
received and adopted by the Council, a Fellow who desires to 
remain anonymous, has most kindly undertaken to defray the cost 
of this highly necessary improvement. 

In addition to an engraving of Daniell and Faraday, for which 
the Society is indebted to Professor Meldola, F.R.S., numerous 
articles of historical interest and value have come into the posses- 
sion of the Society in virtue of a bequest by the late Professor 
Warington. 

The number of books borrowed from the Library during 1907 
was 1,317, as against 1,126 in the previous year. The additions to 
the Library comprise 138 books, of which 79 were presented, 401 
volumes of periodicals (representing 243 journals), and 40 
pamphlets, as against 121 books, 385 volumes of periodicals (repre- 
senting 229 journals), and 32 pamphlets last year. 

The experiment of opening the Library during Thursday even- 
ings other than those on which the Society meets has been discon- 
tinued, so few Fellows having used the Library on those occasions. 

In May, 1907, a special leaflet was issued with the Journal 
indicating the parts required to complete certain sets of periodicals 
in the Library, in the hope that Fellows happening to possess copies 
of the desired numbers would present them to the Society. In 
response to that circular, donations were received from numerous 
Fellows, and this favourable response has encouraged the Council 
to hope that further contributions of a similar character may be 


added to the Library. 
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As was announced at the last Annual Meeting, the Society 
received from the Worshipful Company of Goldsmiths a munificent 
donation of £1,000 for the Research Fund. This fund has been 
still further increased by the handsome sum of £2,704 3s. 8d., which 
was handed over to the Treasurer in July by the Perkin Memorial 
Fund Committee. These two sums, as now invested, have aug- 
mented the annual income of the Research Fund by £126 5s., and 
will enable the Research Fund Committee in the present year to 
recommend the Council to make grants to the amount of £340 to 
£350. Of this sum, about £34 is more or less especially to be 
devoted to the encouragement of research in inorganic and metal- 
lurgical chemistry, and about £92 for investigations relating to 
problems connected with the coal-tar and allied industries. 

In spite of several items of a somewhat exceptional nature, the 
Treasurer is glad to be able to report that he has a substantial 
surplus to carry forward as the result of the year’s finance. The 
income of the Society from all sources for 1907 is £7,260 4s. 10d., as 
against £7,121 8s. 1lld. in 1906, and the expenditure is 
£6,750 8s. 5d., instead of £6,379 15s. 9d., so that, whilst our expen- 
diture has increased by £370 12s. 8d., our income has only grown 
by £138 15s. lld. This still leaves a surplus of £509 16s, 5d. on 
the year’s working. 

The increase in income may be put down almost entirely to the 
increase in Annual Subscriptions, for the increase of £100 in the 
Life Compositions is more than neutralised by the drop of £104 in 
Admission Fees. 

The Journal and Annual Reports have cost respectively 
£182 19s. 8d. and £24 8s. 5d. more than last year, but a saving of 
£23 18s. has been effected on the Proceedings and the List of 
Fellows. The reprinting of certain numbers of the Proceedings 
which were “ out of print” has put it within the power of Fellows 
to complete their sets of Proceedings, and the increase in the sale 
has already more than repaid the cost of the reprints. 

A certain amount of redecoration beyond the annual cleaning, 
the balance of the Dinner account, and the printing and distribu- 
tion of 5,000 copies of last year’s Presidential Address are the chief 
items which have raised the ‘“‘ administrative expenses” so much 
above those of last year. 

In July the Treasurer was able to purchase £1,200 North British 
Railway 3 per cent. Debenture Stock; a glance at the balance sheet 
will show that the value of the invested capital of the Society was 
on December 31st, 1907, £18,362 9s. 9d., and that of the Research 
Fund, £10,016 11s. 10d. 


Assets. 
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INCOME AND EXPENDITURE 


ACCOUNT 


To Life Compositions ... 
+, Admission Fees 
», Annual Subscriptions— 
Received in advance, on account of 1907 
during 1907 - 1907 
és 1906 
" 1905 


Less amount included in last year’s Income, being valuation of 
Arrears as per last Balance Sheet ie ae. Se a as. ale, 


Add Arrears to date: 1907 £384, 1906 £24, 1905 £8, estimated to 
realise as per Balance Sheet pie ade “alee ees, adh: aOR: cee. Re, 


ys, Investments :— 
Dividends on £6730 Metropolitan Consolidated 34 per cent. Stock ... 

£1050 London and North Western Railway 3 per cent. 
Debenture Stock... .. oe 

£1520 14s, 3d. Cardiff Corpor ation 3 per cent. Stock 

£1400 India 2} per cent. Stock ... 

£2400 Bristol Corporation 23 per cent. ‘Debenture Stock 

£4341 Midland Railway 24 per cent. Preference Stock 

£1200 Leeds Corporation 3 per cent. Stock ... ... 

£1500 Transvaal 8 per cent. Guaranteed Stock _... 

£1200 North British Railw ~ 3 asa cent. Debenture 
Stock... 


Income Tax Recovered . 
Interest on Deposit Account ... 


Publications :— 
Sales : 

Journals 
Proceedings... 
General Index ... 
Memorial Lectures ... 
Library Catalogue ... ... 
Atomic Weight Tables... .. 
Annual Reports on the Progress ‘of Chemistry 


Less Publishers’ Commission 


Proceeds of Advertisements in Journal.. 
Less Commission ’ ‘ 


», Subscriptions from other Societies :— 


Society of Chemical Incustry ... 
Society of Public Analysts 


339 2 


280 0 


228 15 


0 
0 


§ 


6 
8 
0 
0 
0 
0 
0 
0 
0 
3 


£7260 4 10 


22 1 0 


I have examined the above Accounts with the Books and Vouchers of the Society, and 


and the Investments. 


- W. B. KEEN, 
9th March, 1908, Chartered. Accountant, 
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ror THE YEAR Enpep 3lst DECEMBER, 1907. 


Expenditure. 


By Expenses on account of Journal and Proceedings :— 


” 


” 


” 


” 


” 


Salary OF MGitOr 2... cc cee ses css, see ose 
Salary of Sub-Editor ... ... a. es, 
Salary of Assistant Sub-Editor ... ae 
Salary of Indexer and Assistance .. 

Editorial Postages, &c. ... ... 
Abstractors’ Fees... wee 

Printing of Journal ... 

Printing of ‘Advertisements 

Distribution of Journal ... 

Printing of Wrappers and Addressing . 
Authors’ Copies ... Som. | Sis 
Insurance of Stock at Clay’ oe 


Printing of Proceedings ... 
Distribution of Proceedings 


Annual Reports on the Progress of Chemistry 
Reprints of back numbers of Proceedings 
Purchase of back numbers of Journal ... 
List of FellowS =... ooo ase vue oe 


Library Expenses :— 


Salary of Librarian... 
Books and —— 
Binding .. oa 


Indexing for International Catalogue 


Faraday Lecture :— 
Honorarium and Expenses ... .. 


»; Administrative Expenses :— 


” a being excess of Income over Expenditure, carried to Balance 


Cr oo 


certify them to be in accordance therewith. 


Salary of Assistant Secretary ... 
Salary of Office Assistant... 


Wages a Housekeeper, a and | Charwoman) 


Pension, Mrs. Hall 

Coal and Lighting 

Decorative Work... ... 

House Expenses and Repairs . 

Tea Expenses «... 

Insurance... 

Accountants’ Charges _ 

Accountants’ Commniadion on Recovery of Income Tax... 
Audit Fee :— 

Perkin Memorial Fund 
Miscellaneous Printing 
Stationery ° 
Postages... .. 

Balance of Dinner Account 
Miscellaneous Expenses . 


_ 
aCl e ————) 


— 


cottworuwoooo 


G2 oo Go tO 


Se a 
COA kK Doo 
= 

OoK ane Comovsnvnooceo 


~ 
™ bo m Or co bo 
ae 


97418 7 


509 16 5 


£7260 410 


I have also verified the Balance at the Bankers 


Approved— Hy. Forster Morey, 
ARTHUR HARDEN, 
J Avaustus VOELCKER, 
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A vote of thanks to the Treasurer, Secretaries, Foreign Secretary, 
and Council for their services during the past year was proposed 
by Dr. Frank Ciowes, seconded by Dr. W. E. Apenry, and 
unanimously adopted. Professor J. EMzErson ReyNoips responded. 


The PresipEnt then delivered his Address, which will be found 
on p. 774. 


Professor RapHAEL MELDOLA proposed a vote of thanks to the 
President for his address and for his services in the Chair during 
the past year, coupled with the request that he would allow the 
address to be printed in the Transactions of the Society. Dr. 
RupoLpH Messe. seconded the motion, which was put to the Meet- 
ing and carried with acclamation. 


The Report of the Scrutators was presented to the President, who 
declared the following to have been elected as Officers and Council 
for the ensuing year: 


President: Sir William Ramsay, K.C.B., F.R.S. 


Vice-Presidents who have filled the Office of President: H. E. 
Armstrong, Ph.D., LL.D., F.R.S.; A. Crum Brown, D.8c., LL.D., 
F.R.S.; Sir William Crookes, D.Sc., F.R.S.; Sir James Dewar, 
M.A., LL.D., F.R.S.; A. G. Vernon Harcourt, M.A., D.C.L., 
F.R.S.; Raphael Meldola, F.R.S.; H. Miiller, Ph.D., LL.D., 
F.R.S.; W. Odling, M.A., M.B., F.R.8.; J. Emerson Reynolds, 
8c.D., M.D., F.R.8.; Sir Henry E. Roscoe, LL.D., F.R.S.; W. J. 
Russell, Ph.D., F.R.S.; T. E. Thorpe, C.B., LL.D., F.R.S.; W. A. 
Tilden, D.Sc., F.R.S. 


Vice-Presidents: J. Campbell Brown, D.S8c., LL.D.; J. J. Dobbie, 
M.A., D.Sc., F.R.S.; F. Stanley Kipping, D.Sc., Ph.D., F.R.S8.; 
Rudolph Messel, Ph.D.; Sir Alexander Pedler, C.I.E., F.R.S.; 
W. H. Perkin, Ph.D., F.R.S. 


Treasurer: Alexander Scott, M.A., D.Sc., F.R.S. 


Secretaries: M. O. Forster, D.Sc., Ph.D., F.R.S.; A. W. Crossley, 
D.Sc., Ph.D., F.R.S. 


Foreign Secretary: Horace T. Brown, LL.D., F.R.S8. 


Ordinary Members of Council: Julian L. Baker; George T. 
Beilby, F.R.S.; Alfred C. Chapman ; Julius B. Cohen, Ph.D., B.Sc. ; 
J. T. Hewitt, M.A., D.Sc., Ph.D.; W. R. E. Hodgkinson, Ph.D. ; 
H. A. D. Jowett, D.Sc.; H. R. Le Sueur, D.Sc.; F. E. Matthews, 
Ph.D.; A. G. Perkin,’ F.R.S.; W. J. Sell, Sc.D., F.R.S.; John Wade, 
D.Sc. 


RAMSAY: THE ELECTRON AS AN ELEMENT. 


PRESIDENTIAL ADDRESS. 


Delivered at the ANNUAL GENERAL MEETING, March 26th, 1908, 


By Sir Writtam Ramsay, K.C.B., F.R.S. 


The Electron as an Element. 


** Nec perit in toto quicquam, mihi credite, mundo, 
Sed variat faciemque novat.”—Ovip. 


BEForE commencing my task, to attempt toshow that chemical phenomem 
may be represented in a reasonable manner by assigning a symbol to the 
electron, considered as an element, it will be advisable to make som 
general statements regarding the relations between thinking man anj 


external nature. 

Every one of us (and by “us” I mean to include all things which 
have, even in embryo, consciousness both of their own existence ani 
that of objects external to them) holds certain suppositions, whether by 
inheritance or by early teaching, or by virtue of having formed his 
own deliberate judgment, to be true; or if the word true be found 
objectionable, to be convenient ; to be necessary as a mode of thought, 
Such suppositions we term theories or hypotheses. These wort 
themselves require definition. To quote Dr. Johnstone Stoney: “ The 
principal kinds of supposition are : Theories, Hypotheses, and Fictions, 
A theory means a supposition which we hope to be true; a hypothesis 
is a supposition which we expect to be useful. Fictions belong to the 
realm of art ; when allowed to intrude elsewhere, they become either 
Make-believes or Mistakes.” 

Chemists and physicists deal with the world of phenomena ; with 
operations and results of operations which take place in what is called 
“nature,” that is, in a region exterior to the minds of the observers. 
They have agreed, implicitly, to avoid the consideration of the 
relationship between such phenomena and the mind of man, a branch 
of the subject termed Metaphysics; they confine their attention 
exclusively to the relationships which they observe to exist between 
various phenomena external to the workings of consciousness. It is 
true that all such phenomena are known to us only in so far as they 
impress our consciousness—our own minds, or the minds of other 
beings whom each of us regards as constituted more or less nearly like 
himself. But inasmuch as there is a consensus of opinion, on the 
whole, as to the similarity of impression received by conscious beings, We | 
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agree to ignore the inquiry as to the mode in which such impressions 
yach our minds and to confine our attention to the relationships 
which we find to exist among phenomena. 

Now, there are two ways of regarding natural phenomena, and 
these necessarily depend on the fundamental conceptions which all of 
us hold. We assume, first, that events happen in sequence, and from 
this we deduce the conception of time. Secondly, we believe that we 
can change our position relatively to that of other objects, and that 
they change their relative position to each other ; we thus acquire the 
conception of space. Whether these ideas are engrained from birth, or 
acquired by experiment or observation, we shall probably never know. 
Thirdly, we are conscious of sustained muscular effort, and from this 
consciousness we deduce two ideas, first, that of mass, or that which 
resists our muscular efforts; and second, that of euergy, or, in other 
words, we learn that to change the position of an object or mass, a 
sustained muscular effort is necessary. This last conception is of 
recent introduction ; the word, I believe, used in this sense, was due to 
Professor Macquorne Rankine. 

If we assign certain numerical values to these conceptions, if we 
measure time in seconds, linear space in centimetres, and mass in 
grams, we arrive at a fundamental equation connecting these with 
energy, measured inergs. It isthe familiar one : 

£=}MUL/T?, 
where #, Z, M, and 7’ may stand for equal number of ergs, grams, 
centimetres, and seconds respectively. 

It will be observed that only three of these fundamental notions are 
unecessary ; the fourth can be deduced from the other three. Phys- 
icists and chemists have for centuries accepted time, space, and mass as 
fundamentals, and have agreed to derive the conception of energy 
from these three. That is, they have accepted a mechanical explana- 
tion of the universe; they attempt to explain the invisibly minute in 
terms of the visible ; the nature of objects by the atomic and molecular 
theories, namely, by the supposition that objects consist of congeries of 
small masses ; that the changes which they observe to occur in these 
objects are due to the motions and altered positions of the atoms and 
molecules, and that the nature of these objects depends largely on the 
relative positions of the atoms, or, as we say, on their structure. It 
is, of course, acknowledged that the changes that take place in objects 
are accompanied by gain or loss of energy. To alter the position of a 
mass, energy must be imparted to it, or, if it spontaneously alter its 
position, it must part with energy in doing so. 

The whole conception of a “ material universe” is bound up in this 
view, which has contributed to a great advance in knowledge ; in fact, 
all progress in chemistry and physics has been made by its aid. The 
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atomic theory is a “theory,” a supposition which is supposed to be 
true, as well as a “‘ hypothesis,’ which is known to be useful. By its help 
we “explain” (that is, render the unknown in terms of the more 
familiar) such apparently diverse facts as the relations between the 
volume, temperature, and pressure of gases; the optical properties 
of certain compounds of carbon, nitrogen, sulphur, tin, and silicon, 
isomerism ; the phenomena of osmotic pressure and vapour pressure: 
and with an added hypothesis, the behaviour of dissolved salts under 
electric stress. It is this last part of our conceptions which [ 
propose to discuss in this address. 

But before proceeding to do so, it must be noticed that it is possible 
to explain phenomena by postulating time, space, and energy as the 
three fundamentals ; mass is then a derived conception. To my mind, 
this method of viewing nature is the more logical, for all that we 
know through our senses directly, and indirectly by instruments which 
affect our senses, is due to transfer of energy to or from our nerve. 
terminals. Such sensations are for us real; in ascribing them to the 
presence of “matter” as their cause, we make use of a theory which 
is sanctioned by antiquity, and by all but universal custom. The 
inconvenience of the hypothesis that energy is the third fundamental 
entity is that it is difficult to assimilate mentally, and that it results 
in sets of equations of state, instead of affording a mental picture of 
the minute unknown in terms of the larger, and better known. Those 
interested in the subject will find it expounded in various writings 
of Prof. Mach and of Prof. Ostwald, notably in the latter's 
** Naturphilosophie.’’ 

I should like here to pause, and to note that the words “true” and 
false’? are inapplicable to such theories as these of which I have 
spoken. Both are perfectly consistent schemes for the interpretation 
of the universe. In all probability, neither of these schemes conveys 
any idea of what constitutes phenomena ; one or other may be regarded 
as more convenient. Let me here refer to Dr. Johnstone Stoney’s 
writings for a full discussion of such relations.* 

As a matter of convenience, then, like most other chemists and 
physicists, I choose deliberately the ‘‘ mechanical” explanation of 
nature. We assume on what we consider to be good grounds the 
existence of molecules and of atoms. We believe on reasonable 
evidence that gases consist of almost innumerable molecules, which 
may, like argon and its congeners, be single atoms, but which are 
usually groups of atoms. We hold that, as a rule, liquids consist 


* **On the dependance of what apparently takes place in nature upon what 
actually occurs in the universe of real existences."—Amer. Philosoph. Soc., Vol. 
XLII, No. 178. ‘‘On the relation between natural science and ontology.” —<ci. 
Trans. Roy. Dubl. Soc., Vol. VI, Part 9. 
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of molecules of the same order of complexity as gases, but with 
smaller free path ; the molecules of a liquid are more crowded than 
those of a gas. Some few liquids, water, the alcohols, the acids, 
probably. salts, and some others, may be regarded as mixtures of 
polymerides of their gaseous molecules. Of the structure of solids, we 
are only beginning to have some crude notion.* 

We also believe that molecules at the ordinary temperature are in 
enormously rapid motion ; that they are in frequent collision with 
each other, and that chemical action is the occasional result of such 
collisions. I say ‘ occasional’’ because, as Dr. Stoney has shown, in 
molecules such as those of the nitrogen and oxygen of air, a collision 
takes place on the average thirteen billion times every second. Some 
mixtures of gases, for example, hydrogen and oxygen, or hydrogen and 
chlorine, at a suitable temperature, combine by virtue of such 
collisions between the molecules ; but the process of combination is a 
comparatively slow one, and it is curious to think that a collision 
which is followed by a combination is a comparatively rare event. 
“ We begin to perceive that chemical reactions, even those that occur 
with explosive violence, are far from being the sudden events they 
seem to ordinary human apprehension. What is really occurring in 
nature is a protracted and eventful struggle between the members of 
two opposing armies, each individual unit of which has his own personal 
history during the struggle, and is fully occupied with his own acts, 
which are perhaps, as many, as various, and as different from those of 
his neighbours as are the thoughts and acts of the individual soldiers 
during the progress of a battle.” T 

What is meant by “chemical action”? We can represent it as a 
loss or gain of energy, but we also regard it as the union or junction 
of atoms, or, it may be, the dissolution of such union or the re- 
adjustment of unions, so that bodies with new properties are formed. 
We may next ask: What mechanism can be devised to give us a 
picture of the union of two atoms? Do they interpenetrate? Are atoms 
vortex-rings, and is their union the annular revolution of the two 
rings? Or is the older conception to be preferred, that they are 
approximate spheres which come within and stay within the regions of 
each others’ influence? If so, why do they stay near each other? 
Various chemists have called the mechanism by which it is conceived 
that atoms remain associated in a compound “ affinities ” or “ bonds,” 
and “ valency ” is a word used to express the number of such “ bonds” 
which an element can exercise in any particular combination. 

[ have to bring before you a suggestion which, although not exactly 


* «Texture in media.”—Phil. Mag., June, 1890, 
| Dr. Stoney, ‘Survey of that part of nature which man is competent to study.” 
—Phil, Mag., Nov., 1899. 
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new, admits of definite statement, and affords a mental picture of what 
may conceivably takes place. It is not a “theory”; I do not hope 
that it may be true; it is rather a hypothesis, a supposition that | 
expect to be useful; it may be a “ make-believe” ; I trust that it will 
not be a “ mistake.” 

The hypothesis admits of short statement. It is: electrons are 
atoms of the chemical element, electricity ; they possess mass ; they 
form compounds with other elements; they are known in the free 
state, that is, as molecules ; they serve as the “ bonds of union” between 
atom and atom. The electron may be assigned the symbol “ E.” 

I might begin the exposition of this subject with a historical sketch 
of Davy’s and Berzelius’s conceptions of the relations of chemical and 
electrical. phenomena ; it will suffice for my purpose to direct your 
attention to the Faraday lecture delivered before our Society in 1881. 
Professor Helmholtz there stated: “. . . We need not speculate about 
the real nature of that which we call a quantity of positive or negative 
electricity. Calling them substances of opposite sign, we imply with 
this name nothing else than the fact that a positive quantity never 
appears or vanishes without an equal negative quantity appearing or 
vanishing at the same time in the immediate neighbourhood. In 
this respect they behave really as if they were two substances, 
which cannot be either generated or destroyed, but which can be neu- . 
tralised and become imperceptible by their union.” “.. . I prefer the 
dualistic theory. . . . and I keep the well-known supposition that as 
much negative electricity enters where positive goes away, because we are 
not acquainted with any phenomena which could be interpreted as corre- 
sponding with an increase or diminution of the total electricity con- 
tained in any body.” Later in his lecture, discussing Faraday’s law, he 
goes on: “The same definite quantity of either positive or negative 
electricity moves always with each univalent ion, or with every unit of 
affinity of a multivalent ion, and accompanies it during all its motions 
through the interior of the electrolytic fluid. This quantity we may 
call the electric charge of the ion.” It is what Dr. Stoney has named 
an “electron.” Helmholtz proceeds: “ Now the most startling result 
of Faraday’s law is perhaps this. If we accept the hypothesis that 
elementary substances are composed of atoms, we cannot avoid con- 
cluding that electricity also, positive as well as negative, is divided 
into definite elementary portions, which behave like atoms of electricity. 
As long as it moves about in the electrolytic liquid, each ion remains 
united with its electric equivalent or equivalents. At the surface of 
the electrodes, decomposition can take place if there is sufficient 
electromotive force, and then the ions give off their electric charges 
and become electrically neutral.” I will make only one more quota- 
tion from Helmholtz. Dealing with “atomic compounds,” that is, 
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molecules consisting of atoms in union with each other, he said: “ If 
we conclude from the facts that every unit of affinity is charged with 
one equivalent either of positive or negative electricity, they can 
form compounds only if every unit charged positively unites under the 
influence of a mighty electric attraction with another unit charged 
negatively. This, as you will immediately see, is the modern chemical 
theory of quantivalence, comprising all the saturated compounds.” 

Just twenty years later, in a lecture delivered at Hamburg in 1901, 
Professor Nernst again emphasised Helmholtz’s views in the words: 
“If, further, the most different elements or radicles invariably com- 
bine only with a quite definite quantity of free electricity, or with a 
multiple thereof, this can be most simply expressed by the statement : 
for compounds between ordinary matter and electricity, exactly the 
same fundamental chemical law holds as for compounds with each 
other of ordinary chemical substances, namely, the law of constant and 
multiple proportions.” “For example, if, in common salt, we replace 
the sodium atom by a negative electron, we obtain the negative 
chlorion ; if we replace the chlorine atom by a positively charged 
electron, we obtain the positive sodium ion.”’ 

Helmholtz, it will be noticed, declared his assent to the dual 
character of electricity ; Nernst has followed his example, and that 
view has, until of late years, been universally held. But it is well to 
renember that Benjamin Franklin attributed the action of electricity 
to a single “electrical fluid” residing in all bodies, and capable of 
passing from one to another. The particles of this fluid were supposed 
to repel one another, and to be attracted by the particles of ponderable 
matter. A positive electrified body was imagined by him to be one 
which had a surplus of electric fluid attached to it; a negatively 
electrified one, a deficit. This theory of Franklin’s, mutatis mutandis, 
has gained probability since the investigations of J. J. Thomson, and 
since the discovery of radioactive bodies. It has been shown that 
electric corpuscles or electrons are capable of detaching themselves 
from matter, and inhabiting space unattached to any object. They 
pass from one part of space to another, often with enormous velocity. 
On certain likely suppositions, the mass of an electron has been 
measured by Thomson and his pupils; it does not differ much from 
the thousandth part of that of an atom of hydrogen. The electron 
may be termed an atom of negative electricity. The atom which it 
has left is generally, and by many supposed to be always, positively 
electrified, The mass of an atom from which one or more electrons 
have escaped does not differ appreciably from that of the atom of the 
element ; it is enormously greater than that of the negative electron. 

As may be supposed, such minute corpuscles find ordinary matter 
80 coarse-grained, that in thin sheets it offers little resistance to 
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penetration. The f-rays (to give electrons a commonly-used synonym) 
pass, when in motion, through a considerable thickness of metals and 
of glass. This behaviour is not unknown in the case of helium, which 
can traverse thin walls of silica, impervious to other gases, whilst glass 
and metals are impervious to it. 

We are not here concerned with free electrons and their motions, 
but with the mode in which they are associated with matter ; to 
render the conceptions clear, I will select a familiar instance. 

When the white, opaque, lustrous metal sodium burns in the yellow 
gas chlorine, small, white, transparent crystals of common salt are 
produced. These crystals are soluble in water, the solution is also 
transparent and colourless, and its properties do not materially 
differ from those of the mean of salt and water. The power possessed 
by the solution of retarding the passage of light is very nearly 
proportional to the powers of the salt and the water, taken in the 
proportion in which they occur in solution. The specific heat of the 
solution, and many other properties, are also mean properties. What 
mechanism can we assign to the change which occurs when sodium 
burns in chlorine? When salt is dissolved in water and a “current 
of electricity’’ is passed through the solution, that is, when two 
platinum plates, one kept negatively and the other kept ‘positively 
charged, are dipped into it, sodium travels towards the negative plate, 
and would, were no secondary action to occur, deposit in its original 
metallic state ; similarly, chlorine would be liberated at the positive 
plate. We say that the salt is “ ionised in solution,” and we believe 
that the sodium ion remains an ion because of the positive charge 
which it carries, and, similarly, the properties of the chlorine ion are 
due to its negative charge. On removing these charges, the ‘“ elements” 
as we know them are liberated as such. 

Now, I would argue that in the light of modern knowledge we musi 
suppose that the terms “ positive” and ‘negative’ mean merely 
“minus electrons’ and “plus electrons”; that the sodium ion. or 
“sodion”’ is an element ; that the metal sodium is a compound of the 
element “sodion” with an electron; that the chlorine ion is 4 
compound of an electron (actually of more than one electron; see 
below) with an atom of chlorine. 

It will conduce to clearness of thought here to consider the mechanism 
of an electrolytic cell. It consists of two platinum plates, one kept 
“positive ” and the other “‘ negative,” dipping in an electrolyte, say, 4 
solution of salt. The positive plate may be considered as analogous 
to a suction-pump, capable of withdrawing electrons from the solution ; 
the negative plate, a species of electrical force-pump, giving electrons 
to the solution. The sodium ions move towards the source of electric 
pressure ; each combines with an electron, and metallic sodium, or its 
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equivalent of hydrogen, is liberated. The chlorine ions, ions because 
each atom of chlorine has separated from the sodium taking with it 
the electron of the latter, yield up each an electron to the positive 
plate, and the element chlorine or its equivalent in oxygen is liberated. 

The action of a battery is easily pictured on the same general lines. 
Suppose a simple battery of a copper and a zine plate dipping in a 
solution of hydrochloric acid. Electrons can pass through metallic 
conductors ; let us accept that statement for the moment without 
inquiring into the mechanism. Metals are, however, impervious to 
ions ; they form a species of semipermeable membrane. Both copper 
and zine tend to throw off electrons (see Ramsay and Spencer, Phil. 
Mag., 1906, [vi], 12, 399), but zine more readily than copper. So 
long as the metals are not externally joined, no continuous action 
takes place; but on making connexion, the result is this: electrons 
leave the zinc more rapidly and readily than they leave the copper ; this 
induces a flow of electrons from the zine plate through the connect- 
ing wire to the copper ; on reaching the surface of the copper, these 
electrons, or possibly electrons displaced by them, leave the copper plate, 
combining with ions of hydrogen, which then escapes in the gaseous 
form, whilst the zinc parts with electrons and enters into solution as 
zinc ions. It may be asked whence the motive power is derived which 
causes the current of electrons through the wire; the answer may be 
stated in two ways: either it is due to the difference of the force with 
which the copper and the zine retain their electrons, or, in ordinary 
language, to the electromotive force of the copper-zine couple ; or it 
may be attributed to a kind of osmotic pressure, the electrons 
traversing what to them is a nearly open road, namely, the wire, whilst 
matter, that is, chlorine ions, is unable to pass. This process goes on 
so long as there is a difference of electric pressure, so long as any 
zinc is left, or so long as hydrogen ions are present to take up 
electrons. 

Let us again consider the combination of sodium with chlorine to 
form common salt, If it be conceded that salt differs from its solution 
only in so far as the mobility of the solution permits of transfer of 
ions, the transfer of an electron from the sodium to the chlorine must 
take place at the moment of combination. Symbolised, if we write 
E for electron and simplify the reaction, dealing for the moment 
with an atom and not with a molecule of chlorine, we have 

ENa+Cl=NaECl. 
Here the electron serves as the bond of union between the sodium and 
the chlorine. 

If it be desired to form a mental picture of what occurs, let me 
suggest a fanciful analogy which may serve the purpose: it is that 
an electron is an ameba-like structure, and that ENa may be con- 
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ceived as an orange of sodium surrounded by a rind of electron; 
that on combination, the rind separates from the orange and forms a 
layer or cushion between the Na and the Cl, and that on solution 
the electron attaches itself to the chlorine in some similar fashion, 
forming an ion of chlorine. It will be noticed that the E fills the 
place usually occupied by a bond, thus: Na-Cl. ‘It happens provi- 
dentially that the bond and the negative sign are practically the same; 
Na-Cl may be supposed to ionise thus: Na(-Cl), the negative charge 
or electron remaining with the chlorine. 

Let us next consider a fundamental question, which, however, I do 
not remember to have seen raised. In ordinary parlance, hydrogen 
and chlorine are termed monads, and may be represented as each 
possessing a bond of affinity, thus, H-, Cl-. Now, when they unite, 
are there two bonds or one? Should we write H-Cl with one bond, 
or H--Cl with two? Considering a bond as an electron, the symbol 
Cl- is wrong for an atom of chlorine; it has, strictly speaking, no 
bond, that is, no electron, but merely possesses the power of receiving 
one from the hydrogen. But we know from chemical considerations, 
as well as from arguments derived from the ratio of the specific heats 
at constant volume and at constant pressure of monatomic and of 
diatomic gases, that the hydrogen molecule has the formula H,, and 
the chlorine molecule, Cl,. How can we explain this? Is the formula 
of hydrogen H-H or H--H? And is that of chlorine CICI? 

These gases conduct electricity at low pressures, and are therefore 
ionised. It appears probable that in this state the electric condition 
of the ions must be different. Several suppositions are conceivable. 
First, the ions may be H and EHE; second, they may be E and 
HEH ; third, they may be E, and H,. From Wilson’s experiments on 
the separation of the ions in an electric field, and on the slower rate of 
motion of the positive ions, the second and third of these views are the 
more probable, and chemical considerations would lead, I think, to the 
choice of the second. When urged electrically, the electrons can 
penetrate thin metallic plates, as Lenard as shown. But it is a matter 
on which we may agree to reserve judgment. 

Let us next consider the chlorine molecule. Here we have, 
apparently, two atoms in juxtaposition, no electron being associated 
with them. It must, however, be remembered that in the oxygenated 
compounds of chlorine, that element is a polyad, a triad in KO-CI=0, a 
tetrad in O=C1=0, a pentad in KO-Cl(=0),, and a heptad in KO-Cl(=0).,. 
It has therefore a reserve of electrons, and when it combines with 
itself, forming Cl,, we have the choice between CIECI, CIE,Cl, C1E,Cl, 
and CIE,Cl. Were we to write out in full all the electrons, we 
should have the cumbrous formule E,CIECIE,, E,ClE,CIE,, E,CIE,E., 
and CIE,CIE,, or we might draw the mediate electrons partly from 
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both atoms of chlorine. I am far from suggesting the use of such 
formule ; it is evident that in our ordivary structural or constitutional 
formule we ignore the “ latent” electrons, and make use only of those 
which are. of service for the moment. We may write for the formula 
of chlorine Cl-Cl, or CI=Cl, &c., but we gain nothing by indicating that 
the two atoms may be trebly bound. In fact, a structural formula 
shows by bonds those electrons which we deem it serviceable to 
represent. It may be remembered that Frankland in his “ Lecture- 
notes” (Inorganic, p. 35) suggested that “latent atomicity” (or, as we 
now term it, valency) could, if desired, be represented. But he 
H 
counselled to write H-N-H, and not H-N-H. 


It will now be convenient to sadness some typical formule in 
terms of electrons, remembering that we are really arguing in favour 
of the existence of a new element of which an atom is called an 
“electron.” 

So long as ionisable compounds are considered, this view presents 
no real difficulty. Let us examine a few reactions of the usual 
“exchange” type first, leaving the question of the disposal of 
electrons which are not separable by ionisation until later. As a first 
example, let us take the action of hydrochloric acid on silver 
nitrate ; 

H(ECl).Aq + Ag(ENO,).Aq = AgEC! + H(ENO,).Aq. 

We might also write: 

H\EC1. Aq + Ag/ENO,.Aq = AgEC] + H|ENO,. Aq. 
or: H|-Cl.Aq + Ag|-NO,.Aq = Ag-Cl + H|-NO,. Aq. 
Here the vertical bar denotes ionisation. 

Next let us write as an equation the action of an acid on sodium 

carbonate : 


Na,(E,CO,).Aq + H,(E,SO,). Aq = Na,(E,SO,).Aq + H,E,0 + CE,O,, 
or: Na,|E,00,. Aq + H,|E,SO,.Aq = Na,|E,SO,.Aq + H,E,0 + CE,O,, 
or: Na,|-CO,.Aq + H,|-SO,.Aq = Na,|=S80,.Aq + H,=0 + C=0,. 

In this instance, nothing is predicated regarding the electrons in 
water or in carbon dioxide, except that they serve to unite the 
elements. This point will be reserved. 

Take next a simple case of oxidation : 

2EFe(ECl),.Aq + Cl,.Aq =2Fe(ECl),. Aq, 
or: 2-Fe|=Cl,.Aq + Cl,.Aq = 2Fe|(—Cl),. Aq. 
Next of reduction : 
2Fe( ECl),.Aq + E,SnE,Cl,. Aq = 2EFe(ECl),.Aq + Sn(ECl),.Aq, 
or: 2Fel=Cl,.Aq+ Sn] Ol,.Aq =2-Fe| Cl,.Ag + Sn|(-Cl),.Aq. 
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Such cases give little trouble. It is the formule of bodies which are 
not ionised, or only partially ionised, which require careful con- 
sideration. 

It will be remembered that Professor Abegg, in a very suggestive 
memoir on valency (Zeitsch. anal. Chem., 1904, 39, 330), threw out 
the suggestion that the total valency of the elements may be taken as 
eight, which in each group may be taken as “ normal” valencies, 
denoted by the +symbol, and “contra” valencies, denoted by the 
-symbol. The following table epitomises his suggestion : 


Group I. Il. , IV. V. VI. VII. 
1+ 2+ 3+ 4+ -2 att 
7- 6 5 - 4 - +5 +6 +7 
The normal valencies are supposed by Abegg to be “ stronger ” than 
. the contravalencies. 

A somewhat similar hypothesis has been advanced by Arrhenius 
(Theorien der Chemie, Leipzig, 1906) and by Spiegel (Zeitsch. anorg. 
Chem., 1894, 5, 29, 365). To take a specific instance :: nitrogen in 
ammonia carries as many pairs of opposite electrical units as corre- 
sponds with its maximum capacity for saturation. Thus NA, has an 
additional negative and an additional positive charge when it forms 
NH,(-H)(+Cl). The existence of such “neutral” affinities, accord- 
ing to Spiegel, explains the greater content of energy of such bodies as 
ammonia than their compounds like ammonium chloride. 

Let us now consider the question: in compounds containing 
elements or groups which do not separate as ions, and which therefore 
do not afford a clue, from which element does the electron come! 
The answer is best arrived at by considering as an instance such a 
compound as perchloric acid. When dissolved in water, the hydrogen 
of H-OCiO, is left as an ion, minus an electron, H|-OCIO,. The four 
atoms of oxygen are capable of receiving electrons; but the chlorine 
atom, having already seven attached to it, can receive only one more, 
and that one only when it is ionised, as in a solution of common salt. 
It then possesses its full complement of eight electrons. Hence it 
follows that in perchloric acid, the electrons which form the bonds of 
union of the chlorine with the oxygen must be those previously asso- 
ciated with the chlorine, and not those associated with the oxygen. 
Expressed in the cumbrous notation in which each electron is denoted 
by E, we should have 

HEO(E),EC1{E,0(E),},. 


The (E), means that the oxygen is normally associated with four 
electrons besides the two which it receives from the hydrogen and the 
chlorine ; the second (E), implies that each oxygen atom is associated 
with four electrons besides the two which it takes from the chlorine. 
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In Abegg’s phraseology, oxygen possesses two normal valencies which 
are here latent, and four contravalencies (not six, for oxygen is never 


on- 

known to act as a hexad) which here become operative. If we read 
ive Abegg’s nomenclature in the sense that a plus sign sigrifies the ability 
Dut to part with-one or more electrons, whilst a minus sign is the ability 
ag to receive one or more electrons, we find in his method of viewing the 
BS, valency of the elements a close resemblance to the one I am putting 
he forward. This instance will suffice as an indication of how the 


constitution of such molecules may be elucidated with some 
probability. 

No theory would now be acceptable which did not attempt the 
explanation of two very remarkable phenomena ; first, the extrusion 
of ionisable groups in such compounds as cobaltammine nitrites by 
further addition of ammonia, and second, the directive influence of 
the presence of certain substitutive elements or groups on the position 
into which further substituents enter. With this last is no doubt 
bound up the phenomenon of tautomerism, with its attendant absorp- 
tion spectra. Time fails me to attempt more than to point out the 
lines of a possible explanation. 

Ammonium chloride behaves like the chloride of an alkali metal, 
inasmuch as it yields chlorine ions when dissolved in water. We 
must therefore picture its partial constitutional formula as 
(NH,)|-Cl, the electron, -, having become attached to the chlorine 
atom, converting it into an ion when dissolved in water. It is reason- 
able to suppose that the nitrogen atom, itself carrying five electrons, 
may receive three more from the three atems of hydrogen in ammonia, 
thus: H,=N. The total number of electrons now associated with 
the nitrogen atom is the maximum possible, eight. If an attempt be 
made to add another, as in NH,, that proves impossible, but the 
nitrogen atom may part with one to the chlorine atom, already 
carrying seven, when it has a vacancy, as it were, which is filled by 
the electron from the hydrogen atom ; it then becomes “ saturated.” 
A suggestion resembling this one has been made in terms of positive 
and negative charges by Arrhenius (7heorien der Chemie, p. 73). 

Our task is now to consider the compounds investigated by Werner, 
and a specific case will prove sufficient. The nitrites of the cobalt- 
ammines have the peculiarity of being non-ionised, partially ionised, 
or completely ionised, according to the number of ammonia groups 
present. Thus, if the vertical bar denotes ionisation, we have: 


Co(NO,),(NH;);, 
Co(NO,).(NH;),|NO,, Co(NO,)(N H;),(NO,)., and Co(NH;),\(NO,),. 


How are these compounds to be represented ? 
Just as the nitrogen atom in NH,Ol takes one electron from the 
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hydrogen of the HCl and gives one up to the chlorine, so it appears 
reasonable to suppose that in these cobaltammines each nitrogen 
atom of the three ammonia groups takes from the cobalt atom one 
electron, whilst it gives one at the same time. The formula of the 
triammino-nitrite would therefore be : 


NH, 


1} 

H,N = Co=(NO,), . 
4} 
NH, 


If another molecule of ammonia be added, then the cobalt atom 
gives to the nitrogen of the ammonia an electron, but does not receive 
one in return. The nitrogen atom of that ammonia group is then 
“overloaded,” for it has received four electrons in addition to its 
normal five, making nine in all; now it appears that no element can 
be associated with more than eight in all. Hence that nitrogen atom 
must lose an electron. This it imparts to one of the (NO,)-groups, 
which parts company with the cobalt atom, and, as a complex 
ammonium nitrite is now present, it is ionisable on solution in water. 
A glance at the proposed formula will explain the conception : 


NH,-NO, 


H,N == Co=(NO,), 
“A oS 
HN* NH, 


The remaining formule may be writien similarly, thus: 
O,N-H,N NH,-NO, O,N-H,N NH,-NO, 
man % - 
H,N = Co-NO, H,N — Co — NH,-NO.,, 
“7S ZW 
H,N NH, H,N NH, 

Why is the group Co(NH,),(NO,), not ionisable? Let us first 
inquire : why is cobalt nitrate ionisable? (Cobalt nitrite is unknown.) 
Because the cobalt atom gives up an electron to each of the three 
NO,-groups, remaining itself as anion. That is, the metal cobalt has 
three electrons associated with it; what we call “ metallic cobalt” is 
a “ tri-electride”’ of cobalt. As “cobaltion,” it has parted with its 
three electrons. But, in the last of the three compounds above, the 
cobalt has not got three electrons at disposal, it has already parted 
with them to the NH,NO,-groups. And we are led to conclude that 
in the non-ionisable compound the cobalt does not, as in its ordinary 
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salts, part with three electrons, but that it receives them from the 
nitro-groups. 

This last statement opens the difficult question why the presence of 
some one substituting element or group in a compound influences the 
position into which another substituting element or group shall enter. 
I can only suggest a possible answer in general terms. Non-metals are 
bodies which have a strong affinity for electrons ; metals, bodies with 
but slight affinity. It is for this reason that “ metallic ‘conductors ” 
fulfil their function, whilst non-metals are non-conductors. In a 
metallic wire, displacement easily occurs; whether conduction in a 
metal consists wholly in displacement or in flow, I do not know. 
Probably both methods of transit are operative. Now elements or 
groups already occupying a position in a compound vary in their 
affinity for electrons; some approximate to metals in their feeble 
affinity, others rather resemble non-metals. If they have a great 
affinity, it is likely that they will exert an attractive influence on 
substituents which are easily disposed to part with electrons, and vice 
versi, I imagine that the phenomenon of “ predisposing affinity” is 
to be explained in some such way. 

Lastly, the phenomenon of tautomerism may be conceived as the 
shifting of an electron, and its accompanying absorption of light of 
certain parts of the spectrum as due to electronic oscillation. But it 
would prolong this address too far were I to enter into such specula- 
tions in detail. 

I hope that I shall not be accused of presumption if I venture to 
draw a parallel between the past and the present. Until nearly the 
end of the eighteenth century, the phlogistic theory held its sway ; 
what Lavoisier postulated as oxidation, was regarded as loss of 
phlogiston. I willask youtosuppose thatcertain persons, loth to abandon 
the theory of phlogiston, took a middle course, and held combustion to 
consist not only in the loss of phlogiston, but also in combination with 
oxygen. Their imaginary case, I venture to think, affords a parallel 
to the views of those who uphold the dual nature of electricity. Just 
as a combustible body may be supposed never to unite with oxygen 
without at the same time losing phlogiston, so, according to current 
language, a body never gains p*sitive electricity without at the same 
time losing negative electricity. So long as electricity was supposed 
to be a state of matter, that view was plausible ; now,{however, that 
the substantiality of the electron has been demonstrated in so far as 
it exhibits inertia and possesses mass, it is surely time to reconsider 
our position, and, whatever the fate of the hypothesis which I have 
made the subject of this address, I cherish the hope that it may direct 
attention to a possible method of “ explaining ” phenomena. 
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As regards our Society, it still continues its era of prosperity. Our 
numbers increase, and our work increases. We welcome the advent 
of new contributors to our Transactions, and we deplore the loss 
of some old friends. Many, however, still remain among us, and | 
wish particularly to congratulate Sir William Crookes on his having 
attained his fiftieth year of membership, retaining. the full vigour of 
youth. May he be long spared to enrich Science by his admirable 
researches ! 


LXXI.—Orthobromophenols and Some Bromonitro- 
phenols. 


By Puinie WitrreD RoBertTson. 


On direct bromination with an equimolecular quantity of bromine 
in acetic acid solution, phenol yields both the ortho- and para-mono- 
bromo-derivatives. A method has been worked out by Meldola and 
Streatfeild (Trans., 1898, 73, 681), and later extended by Hewitt, 
Kenner and Silk (Trans., 1904, 85, 1225), to determine the relative 
amount of each isomeride produced in the reaction. The product of 
the bromination is nitrated and then distilled in steam ; the weight of 
the volatile p-bromo-o-nitrophenol in the distillate gives a means of 
calculating the amount of p-bromophenol obtained from a known 
weight of phenol, and the amount of ortho-derivative is determined 
by difference. 

This method was applied in the case of o-cresol, as it was hoped to 
be able to prepare a derivative containing a bromine atom in the ortho- 
position with respect to the hydroxyl group, namely, 3-bromo-o-cresol 
by direct bromination in acetic acid solution. It was found, however, 
on nitrating the product and then subjecting it to steam distillation, 
that practically the whole amount passed over as 5-bromo-3-nitro-v- 
cresol (m. p. 88°). Further, no trace of the isomeric 3-bromo-5-nitro- 
compound could be detected in the non-volatile residue, from which it 
must be concluded that no ortho-derivative is produced by the 
bromination of o-cresol in acetic acid solution. A second experiment, 
which was performed in the presence of sodium acetate, yielded a 
similar result. 

Eventually an indirect method of preparing 3-bromo-o-cresol ([V) 
was devised, which consisted in brominating 6-hydroxy-m-toluic acid 
(II) and then heating the resulting 5-bromo-6-hydroxy-m-toluic acid 
(III) with lime, as shown in the following scheme : 


ie. 


on, 3) > cml *l > on. le ~~ oft Je 
4 Se oe 
(I.) 1D (III.) (IV.) 


The constitution of this new bromocresol was confirmed by nitration, 
whereby 3-bromo-5-nitro-o-cresol, identical with the product of bromina- 
tion of 5-nitro-o-cresol, was obtained. 


HO = 


5-Bromo-6-hydroxy-m-toluic Acid, Mec ee 
CO,H 


6-Hydroxy-m-toluic acid was dissolved in acetic acid, and the 
calculated quantity of a 30 per cent. solution of bromine in acetic 
acid was added slowly. The reaction was completed by warming on a 
water-bath, when the insoluble 5-bromo-6-hydroay-m-toluic acid began 
to be deposited in fine needles. The product was recrystallised from 
methy] alcohol, and then melted at 227°, the yield being almost 


quantitative : 


01778 gave 0°1456 AgBr. Br=34°8. 
C,H,O,Br requires Br = 34°6 per cent. 


\ 


3- Bromo-o-cresol, Mec 
HO Br 


5-Bromo-6-hydroxy-m-toluic acid was intimately mixed, in portions 
of 15 grams, with about twice the amount of lime in a hard glass 
tube, which was heated gradually in a metal-bath to 300°. The 
distillation was performed in a vacuum. 3-Bromo-o-cresol collected as 
an oil in yields varying between 15 and 25 per cent. of the theoretical. 
On fractionation, practically the whole of the product boiled constantly 
at 199—200°/749 mm. : 


0'1468 gave 0°1470 AgBr. Br= 42-5, 
C,H,OBr requires Br = 42°7 per cent. 


3-Bromo-5-nitro-o-cresol, McK» 
HO Br. 


3-Bromo-o-cresol was nitrated in acetic acid solution at 0° by adding 
slowly a 20 per cent. solution of slightly more than the calculated 
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quantity of nitric acid. Before the nitration was complete, white 
crystals had begun to separate. The product melted sharply at 120°, 
and the melting point remained unaltered-on recrystallisation from 
alcohol. When obtained by the bromination of 5-nitro-o-cresol, the 
compound also melted at 120°, and on mixing the two preparations 
the melting point was unchanged : 

0°1744 gave 0°1410 AgBr. Br=34°4, 

C,H,0,NBr requires Br = 34:2 per cent. 

The potassium salts of this compound and of the isomeric 5-bromo- 
3-nitro-o-cresol are characterised by the fact that two varieties, one 
yellow and one red, can be obtained at the ordinary temperature, 
These substances seem to be of the same type as the “ chromo-salts” 
of nitrophenols recently described by Hantzsch, and the results 
confirm the general conclusion as to the existence of two definite 
series of salts, red and yellow, and of orange-coloured mixed salts, 
As very few examples of this behaviour are well established, and, as 
the whole question is of considerable interest in connexion with the 
theoretical conclusions of Hantzsch (Ber., 1907, 40, 330), the prepara- 
tion of the isomeric salts may be described. 


Potassium Salis of 3-Bromo-5-nitro-o-cresol. 


On adding a V/2 alcoholic solution of potassium ethoxide drop by 
drop to an ethereal solution of 3-bromo-5-nitro-o-cresol, the orange- 
coloured mixed salt is usually precipitated. Under certain conditions, 
however, the red and yellow isomerides are produced together, although 
generally within an hour there is a change into the orange-coloured 
mixed salt. If, however, excess of potassium ethoxide solution is added 
rapidly and with constant shaking, it is sometimes possible to precipi- 
tate the red variety alone, and when formed it appears to be moderately 
stable inthe presence of excess of alkali. After being filtered and 
washed with ether, it is very unstable, and changes quickly into the 
orange-coloured mixed salt. 

The transformation begins at one point and proceeds at a definite 
rate across the mass. A sample was obtained for analysis; it was 
free from alcohol of crystallisation by drying in a vacuum : 

Found, K = 14:2. 

C,H,O,NBrK requires K = 14°4 per cent. 

The orange-coloured mixed salt, which results from the transforma- 
tion of the red isomeride or on precipitation from ethereal solution, 
gave on analysis : 

Found, K = 14:7. 

C,H,O,NBrK requires K = 14°4 per cent. 


AND SOME BROMONITROPHENOLS. 


Potassium Salts of 5-Bromo-3-nitro-o-cresol. 


In this case, the red isomeride is the more stable and is produced 
when potassium ethoxide is added to the ethereal solution of the 
phenol. On recrystallisation from water, the colour remained un- 
changed. On analysis: 

Found, K = 14°6. 

C,H,O,NBrK requires K = 14:4 per cent. 

The yellow variety is very unstable, but may be obtained by the 
cautious addition of more dilute potassium ethoxide (1V/5) with con- 
tinuous shaking. Care must be taken to avoid excess of alkali, as 
this causes immediate conversion. When washed with ether on the 
filter, the yellow isomeride generally changes rapidly into the red 
variety. A small quantity was obtained for analysis. 

Found, K = 13°9. 

C,H,O,NBrK requires K = 14°4 per cent. 


The Monobromoguaiacols. 


None of the monobromo-derivatives of guaiacol have been described. 
As in the case of o-cresol, the sole product of bromination is the para- 
compound, but it was found possible to obtain the ortho-derivative by 
the decomposition of the corresponding carboxylic acid in a manner 
similar to that used for the preparation of 3-bromo-o-cresol., 


MeO 
p-Bromoguaiacol, HO Br, 


On brominating guaiacol in acetic acid in the presence of sodium 
acetate by the slow addition of a 30 per cent. solution of bromine at 
0°, the product was obtained as an oil on pouring the solution into 
water. The oil was dissolved in ether, and the ethereal solution was 
washed several times with water and dried. After the removal of 
the ether, the compound was purified by distillation under diminished 
pressure. The p-bromoguaiacol distilled at 180—182°/60 mm. as an 
oil, which did not crystallise in a freezing mixture of ice and salt : 

02022 gave 0'1888 AgBr. Br=39°7. 

C,H,0,Br requires Br = 39°4 per cent. 

The constitution of this compound was proved by the fact that it 
yielded the same 4-bromo-6-nitroguaiacol (m. p. 120°) as that obtained 
by Meldola and Streatfeild (Trans., 1898, 73, 689) by the bromina- 


tion of o-nitroguaiacol. 
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MeO — 
2-Bromovanillic Acid, HO eo,H. 
Br 


The calculated quantity of a 30 per cent. solution of bromine in 
acetic acid was added slowly to vanillic acid in the same solvent, in 
which was also contained slightly more than the theoretical amount of 
sodium acetate to combine with the liberated hydrogen bromide, 
in order to prevent the possibility of hydrolysis of the methoxyl 
group. During the course of the reaction, sodium bromide separ- 
ated, which was dissolved by the addition of water, and then the 
solution was evaporated slowly to about one-third of its volume. On 
cooling, 2-bromovanillic acid separated, and was purified by recrystal- 
lisation from alcohol. It melts at 221°. The yield was 80 per cent. 
of the theoretical : 
0°1440 gave 01088 AgBr. Br=32°2. 

C,H,O,Br requires Br = 32°4 per cent. 


MeO 


o-Bromoguaiacol, HOC . 
Br 
This compound was prepared by the method described in the case of 
3-bromo-o-cresol. The product of the distillation of bromovanillic 
acid with lime was a solid, which after three crystallisations from 
methyl alcohol melted at 63°: 
0-°1070 gave 0:0986 AgBr. Br=39°3. 
C,H,O,Br requires Br =39°4 per cent. 


MeO — 
6-Bromo-4-nitroguaiacol, ~~ 
r 


The compound obtained by the nitration of o-bromoguaiacol, when 
recrystallised from alcohol, melted at 148° : 

0°1092 gave 0°0822 AgBr. Br=32:0. 

O,H,0,NBr requires Br = 32°2 per cent. 

Meldola and Streatifeild (loc. cit.) prepared this compound by the 
bromination of p-nitroguaiacol, and described it as melting at 142°. 
The differences in melting point may be possibly due to the fact that 
these observers crystallised their preparation from water. 


AND SOME BROMONITROPHENOLS, 


Potassium Salts of the Bromonitroguaiacols. 


In both cases, the red varieties tend to be the more stable. 

4-Bromo-6-nitroguaiacol.—Even by the most cautious addition of 
dilute potassium ethoxide to the ethereal solution of the phenol, it was 
impossible even to obtain indications of the formation of the yellow 
variety. The product always appeared to be of the nature of a- 
mixed salt, which varied in colour between a reddish-orange and an 
orange-red, 

6-Bromo-4-nitroguaiacol.—-When precipitated from the ethereal 
solution, the potassium salt was yellow : 

Found, K = 13-7. 

C,H,O,NBrK requires K = 13°6 per cent. 
This form changed, in time, into the red isomeride : 


Found, K =13°4. 
C,H,O,NBrK requires K = 13°6 per cent. 

6- Bromo-4-nitroguaiacol is thus completely analogous to the corre- 

sponding o-cresol derivative. 


2-Bromothymol and Bromonitrothymol. 


As thymotic acid is extremely difficult to obtain, it was found 
advisable to follow the method of Claus and Krause (J. pr. Chem., 
1891, [ii], 43, 347), and to prepare 2-bromothymol by decomposing 
2-bromothymol-6-sulphonic acid with hydrochloric acid in a sealed 
tube. In order to confirm its constitution as in the case of the ortho- 
phenols already described, it was nitrated and the same bromonitro- 
thymol (m. p. 109°) resulted as that obtained by Kehrmann (Annalen, 
1899, 310, 108) by the bromination of 6-nitrothymol. However, a 
difficulty presents itself, as Mazzara (Gazzetia, 1888, 18, 519) showed 
that the same compound was formed when 6-bromothymol was nitrated. 
In order to throw light on this apparent discrepancy, bromonitrothymol 
was prepared by the following methods : 

(1) Nitration of 6-bromothymol (a) with nitric acid, (6) with nitrous 
acid; (2) bromination of 2-nitrothymol*; (3) the action of nitrous 


* 2-Nitrothymol has not yet been described. A 20 per cent. solution of the 
calculated quantity of nitric acid in acetic acid is dropped slowly into a well-cooled 
solution of thymol in the same solvent. After twenty-four hours, excess of water 
is added, and the separated oil subjected to a steam distillation. The later fractions 
are crystalline and consist of pure 2-nitrothymol, melting at 119°, when recrystallised 
from water or-alcohol. From the residuc, 6-nitrothymol (m. p. 140°) was obtained 
by extraction with. boiling water; this melted at the same temperature as the 
product obtained by Kehrmana by the oxidation of nitrosothymol., 
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acid on 2: 6-dibromothymol (Dahmer, Annalen, 1904, 333, 346) ; (4) 
bromination of 6-nitrothymol ; (5) nitration of 2-bromothymol. 

In all cases, however, the same bromonitrothymol was obtained, as 
is proved by the following considerations: (i) The melting point is 
always 109° and remains unaltered on mixing different preparations, 
(ii) The crystalline form is identical, although the habit changes 
slightly. (iii) The same pale yellow potassium salt is always obtained 
on precipitating the ethereal solution with potassium ethoxide. (iv) 
When reduced with tin and hydrochloric acid, oxidised with ferric 
chloride, and distilled with steam, the same bromothymoquinone 
(m. p. 48°) results in all cases. 

The formation of this bromothymoquinone, and also the fact that 
Kehrmann (oe. cit.) showed that its oxime yielded the original bromo- 
nitrothymol (m. p. 109°) on mild oxidation, indicate that the compound 

NO, 
must be 2-bromo-6-nitrothymol, Mec Owe; But, according to no 

Br OH 

less than three distinct methods of preparation (1, 2, 3 above), the 
compound should be the 6-bromo-2-nitro-derivative. From these results, 
it appears possible to draw only one conclusion, namely, that 6-bromo- 
2-nitrothymol is extremely unstable, and that immediately on its 
formation it is converted by a most unusual intramolecular change 
into the isomeric 2-bromo-6-nitrothymol. 


In conclusion, the author would express his indebtedness to Mr. 
D. H. Nagel, Trinity College, and Mr. H. B. Hartley, Balliol College, 
for the kind interest they have taken in the above work. 


BALLIOL AND Triniry CoLLEGE LABORATORY, 
OXFORD. 


LXXII.—The Optical Activity of Compounds having 
Simple Molecular Structure. 
By Wittriam Jackson Pore and Joun Reap, 


Ir has been suggested that optical activity does not necessarily result 
from the presence of an asymmetric carbon atom in a molecular com- 
plex unless other carbon atoms are attached to the asymmetric centre 
(van’t Hoff-Eiloart, Arrangement of Atoms in Space, 1898, 25) ; up to 
the present, however, very little experimental evidence bearing on the 
question has been put forward (Werner, Stereochemic, 1904, 22). The 
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only work on the resolution of externally compensated substances of 
very simple molecular constitution which has been described appears 
to be that of Swarts on fluorochlorobromoacetic acid, CFC1Br*CO,H 
(Bull. Acad. roy. Belg., 1896, [iii], 31, 28); this acid contains two 
carbon atoms in the molecule, and on crystallisation with strychnine 
or cinchonine yields two isomeric salts of different specific rotatory 
power. After separating the alkaloid from the salts, solutions 
exhibiting optical activity were obtained, but the optical activity 
was of a fugitive character and could not be exactly measured. 

‘The question of what degree of miolecular complexity is requisite in 
order that the presence of an asymmetric carbon atom can give rise to 
optical activity, obviously possesses considerable importance in 
connexion with stereochemistry. For the purpose of collecting further 
data on the subject, we have prepared the chlorosulphoacetic acid and 
the chlorobromomethanesulphonic acid of Andreasch (M/onatsh., 1887, 
7, 159), and endeavoured to resolve them into their optically active 
components ; both these acids contain an asymmetric carbon atom, 
and are of very simple molecular constitution, the former containing 
two and the latter but one carbon atom in the molecule. Our attempts 
to resolve these acids have been unsuccessful, but it seems desirable 
that they should be described, because, if similar negative results 
regularly attend such attempts, an indication will be obtained that the 
presence of an asymmetric carbon atom in a substance is not alone 
sufficient to give rise te eptical activity. 


Chlorosulphoacetic Acid, CHC|(SO,H)*CO,H. 


‘he pure barium salt of chlorosulphoacetic acid, prepared: as 
described by Andreasch, was converted into the acid by exact precipi- 
tation with sulphuric acid ; the filtered solution was concentrated, and 
the equivalent amount of powdered strychnine dissolved in it by the 
aid of heat. On cooling, the normal strychnine salt separated in 
colourless, glistening needles ; the mother liquors, when concentrated, 
deposited a further quantity of the same material, and no other salt 
could be obtained from the solution. ‘The salt was crystallised 
several times from hot water, and showed a constant rotatory power 
in dilute aqueous solution ; it is sparingly.soluble in cold water or 
acetone, but dissolves readily in alcohol or hot water, and is practically 
insoluble in other organic solvents: = __ | 

14079 lost 0°0312 H,O at 110°. H,O=2°22. 

C,,H,,O.N,CIS,H,O requires H,O = 2°09 per cent. 
00968, dried at 110°, gave 0°2222 CO, ond 0:0506 H,O. C=62°60 ; 
H=5'85. 
C,,H,,O,N,CIS requires C C=62°63; H=5°62 per cent. 
VOL. XCIII. 3G 
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The crystalline salt therefore has the composition 
2C,, H,.0,N,.,CHCl(SO,H)-CO,H,H,0. 
Its rotatory power was determined in aqueous solution with the 
following results : 

0°1343 gram, made up to 20 c.c. with water,.gave a, —0°33° in a 

2-dem. tube ; whence [a], -24°6° and [M], — 103°6°. 

0°2025 gram, made up to 20 c.c. with water, gave a) —0°50° in a 

2-dem. tube ; whence [a], — 24°79 and[M], —104°1° 

On dissolving the salt (0°5 gram) in water, precipitating the base by 
addition of a slight excess of ammonia, making up the filtrate to 
20 c.c. with water, and examining the solution in a 2-dem. tube, it 
proved to be optically inactive. It appears therefore that the acid is 
contained in the normal strychnine salt in an optically inactive form, 
and that, if the acid is resolvable into enantiomorphously related com- 
ponents, the salt is a partially racemic one. 

The strychnine hydrogen salt was prepared in the same way as the 
normal one, but using half the previous proportion of strychnine. 
The acid salt separated in light, feathery, colourless crystals, and was 
recrystallised from hot dilute acetone ; it is much more soluble in 
water than the normal salt, and dissolves readily in alcohol, but is 
practically insoluble in other organic solvents : 

0°6257 lost 0°0207 H,O at 110°. H,O=3°31. 

C,,H,,0,N,CIS,H,O requires H,O = 3°42 per cent. 
0°1065, dried at 110°, gave 0°2107 CO, and 0:0499 H,O. C=53'96; 
H =5:24. 
C,,H,,0,N,CIS requires C= 54:24 ; H= 4-95 per cent. 
The strychnine hydrogen salt thus has the composition 
C,, H,,0,N,,CHCl(SO,H)-CO,H,H,0. 
Its rotatory power was determined in aqueous solution with the 
following results : 

0°1474 gram, made up to 20 c.c. with water, gave a, —0°34° ina 

2-dem. tube ; whence [a], — 23°1° and [M], —117°4°. 

0:1630 gram, made up to 20 c.c. with water, gave a, —0°38° ina 

2-dem. tube ; whence [a], — 23°3° and [M], —118°6° 

On dissolving 0°5 gram of the salt in water and precipitating the 
base with ammonia as before, a solution was obtained which exhibited 
no optical activity in a 2-dem. tube. It is therefore concluded that 
the strychnine hydrogen salt, like the normal one, contains the acid 
in an optically inactive form. 

Salts of chlorosulphoacetic acid were also prepared with quinine, 
quinidine, and cinchonine ; these, however, could not be obtained in a 
crystalline state, and consequently furnished no evidence bearing on 
the possibility of resolving the acid into optically active components. 
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Chlorobromomethanesulphonic Acid, CHCIBr*SO,H. 


This substance, containing only one carbon atom in the molecule, is 
apparently the simplest molecular complex containing an asymmetric 
carbon atom of which the resolution has been attempted. The 
optically inactive acid was prepared by the method given by Andreasch 
in the form of its barium salt, and a solution of the free acid 
was obtained as before by exactly precipitating the metal with 
sulphuric acid. 

Chlorobromomethanesulphonic acid, when treated with strychnine, 
yields only the basic salt ; on treating the hot aqueous solution of the 
acid with the requisite amount of strychnine, the base is readily dis- 
solved, and, on cooling, the salt, 2C,,H,,.O,N.,CHCIBr-SO,H, separates 
in small, colourless, glistening needles, After purification by several 
recrystallisations from hot water, the salt was analysed; it does not 
lose in weight by heating at 110°: 


0:0954 gave 02038 CO, and 0°0474 H,O. C=5826; H=5°d8. 
C,,H,,0,N,C1BrS requires C=58°77 ; H = 5°28 per cent. 


The following determinations of the rotatory power may be 
quoted ; 


0:1017 gram, made up to 20 c.c. with water, gave a, —0°25° in a 
2-dem. tube; whence [a], —24°7° and [MJ], -107°9°. 

0'1007 gram, made up to 20 c.c. with water, gave a) —0°25° in a 
2-dem. tube ; whence [a], ~ 24°8° and [M], — 108°9°. 


On dissolving 05 gram of the salt in water, precipitating with 
ammonia as before, and examining in a 2-dem. tube, the solution of 
ammonium chlorobromomethanesulphonate showed no appreciable 
optical activity. The acid was therefore not resolved into enantio- 
morphously related components by means of its crystalline, basic 
strychnine salt. 

On evaporating an aqueous solution of chlorobromomethanesulphonic 
acid with quinidine, a resinous mass is obtained, which separates in a 
crystalline form after solution in hot aqueous acetone; the salt 
deposited from the latter solution is sparingly soluble in cold water, 
acetone, or alcohol, but dissolves freely in the hot solvents, After 
several crystallisations from hot water, the quinidine salt, 

C,,H,,0,.N,,CHCIBr’SO,H, 
is obtained in long, colourless needles, which do not lose in weight 
at 110°; 


0°0964 gave 0°1669 CO, and 0°0445 H,O, C=47:22; H=5:17. 
C,,H.,0;N,CIBrS requires C= 47:21 ; H=4°91 per cent. 
3G 2 
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The following determinations of rotatory power were made : 


0:0951 gram, made up to 20 c.c. with water, gave a, +1°41° in au 

2-dem. tube ; whence [a], +148°3° and [M], +791°. 

01005 gram, made up to 20 c.c. with water, gavé a, +1°47° ina 

2-dem. tube; whence [a], + 146°3° and [M], + 781°. 

On separating the base as before from 0° gram of the salt, making 
the solution up to 20 c.c., and examining in a 2-dem. tube, no appreci- 
able optical activity was observed. The acid is thus apparently not 
resolvable by the aid of the crystalline quinidine salt. The quinine and 
cinchonine salts of chlorobromomethanesulphonic acid were also pre- 
pared, but could not be obtained in the crystalline state. 

If it should ultimately prove that chlorobromosulphoacetic acid 
and chlorobromomethanesulphonic acid can be obtained in enantio- 
morphously related isomerides exhibiting optical activity, it will still 
be remarkable that they can yield so large a number of salts with 
optically active bases, as are described above, whilst still retaining 
their optically inactive or externally compensated form. The further 
investigation of the subject is in progress. 

MUNICIPAL ScHOOL oF TECHNOLOGY, 
Vicronia UNIVEKSITY OF MANCHESTER, 


LXXU1.—The Action of Potassium: Sulphite on 


Potassium Tetrathionate in Aqueous Solution. 


By Arruur Corerax, M.A., Barrister-at-Law. 


i wave previously shown (Trans., 1892, 61,181, 1083) that iodine 
does not act on a mixture of a sulphite and thiosulphate in aqueous 
solution to form a trithionate directly, but oxidises the sulphite to 
sulphate and converts the thiosulphate into tetrathionate. Whep, 
however, the iodine is insufficient in quantity to oxidise all the 
sulphite to sulphate and convert all the thiosulphate into tetra- 
thionate, Spring (Bull. Acad. roy. Belg., 1874, [ii], 38, 112) has shown 
that, in the case of the potassium salts, potassium trithionate is 
formed. The formation of a trithionate in such circumstances may 
be due to some of the unoxidised sulphite abstracting sulphur from 
the tetrathionate in accordance with the equation : 


K,SO, + K,S,0, = K,8,0, + K,S,0,. 
1. have endeavoured in the preserit investigation to ascertain how 
far this equation represents the truth. _ 
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In previous investigations in which a sulphite was either a member 
of the initial system or a product of the change, | made use of the 
joint estimation of the total iodine titration-value and of the acidity 
developed in the solution after such titration was complete in 
determining how much of the iodine titration-value was represented 
by the sulphite present, and I have again employed this method. 


Preparation of Potassium Trithionate, Tetrathionate, and Pentathionate. 


Potassium trithionate was prepared according to the method 
described. by Plessy (Ann. Chim. Phys., 1844, [iii], 11, 182). The salt, 
twice crystallised from aqueous alcohol, gave on ignition a quantity of 
potassium sulphate which was 64°30 per cent. of the weight of the 
trithionate instead of the theoretical 64°44 per cent. The aqueous 
solution of the salt was quite neutral, gave no precipitate with barium 
chloride, and occasioned no darkening in an ammoniacal solution of 
silver nitrate. 

Potassium tetrathionate was prepared according to the method 
described by Kessler (Pogg. Ann.,1848, 74,249). The salt, twice crystal- 
lised from aqueous alcohol, gave on ignition a quantity of potassium 
sulphate which was 57°66 per cent. of the weight of the tetrathionate 
instead of 57°61 per cent., the theoretical quantity. The aqueous solu- 
tion of the salt was neutral, and gave no indication of the presence of 
sulphate or pentathionate. 

Potassium pentathionate: in the preparation of this salt according 
to the method described by Debus (Trans., 1888, 53, 278), it was found 
quite possible to distinguish “six-sided prisms with pyramids only at 
one end” (tetrathionate) from “ four-sided rhombic or six-sided star- 


like plates” (pentathionate). 


Preliminary Experiments. 


At the outset it was established that, with aqueous solutions of con- 
centrations corresponding with those employed in the course of this 
research, (a) iodine has no appreciable immediate action on potassium 
trithionate, tetrathionate, or pentathionate, or on any two or all three 
of these salts, and (5) potassium sulphite and thiosulphate respectively 
preserve their iodine titration-values when mixed with potassium 
trithionate, tetrathionate, or pentathionate, or with any two or all three 
of these salts, provided that the titration is made within a few minutes 
of mixing, 

With the view of ascertaining whether either potassium sulphite or 
thiosulphate has any action on potassium trithionate in aqueous solu- 
tion, four portions of 100 c.c. of boiled distilled water saturated with 
carbon dioxide were taken. In each of the first three of “thesé, 0°27 
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gram of potassium trithionate was dissolved, and to the second and 
third a quantity of potassium sulphite and thiosulphate was respec- 
tively added, so that the proportion of sulphite to trithionate was 
2K,S0, : K,S,0,, and of thiosulphate to trithionate, 2K,S,0, : K,S,0,. 
The fourth portion contained the same quantity of potassium thio- 
sulphate as the third, but no trithionate. Each flask containing these 
solutions was fitted with an indiarubber stopper, through which passed 
two glass tubes, one serving as entrance tube for a continuously 
passing stream of carbon dioxide, and the second, which served as exit 
tube, being connected with a second flask similarly fitted and containing 
100 c.c. of boiled distilled water saturated with carbon dioxide to 
which a small quantity of filtered starch solution and a drop of the 
iodine titrating solution were added. 

The determination after the lapse of twenty-four hours of the iodine 
titration-values showed that the thiosulphate and trithionate had 
reacted to an extent just appreciable, but that the sulphite and tri- 
thionate had not reacted at all. The experiment also established 
that neither the trithionate nor the thiosulphate solution had under- 
gone any change within the twenty-four hours. After seventy-two 
hours, the reaction between the thiosulphate and trithionate had 
progressed further, and represented, after making an allowance for 
the almost negligible decomposition of the trithionate solution in this 
period of time, a conversion of about 4 per cent. 6f the thiosulphate 
present into sulphite. 

An exactly similar experiment was carried out with the view of 
ascertaining whether, if tetrathionate and thiosulphate are present 
together in aqueous solution in the proportion K,S,0,: 2K,S,0,, any 
formation of sulphite could be detected. Even after seventy-two 
hours, no alteration in the iodine titration-value of such mixed solution, 
and no decomposition of the control solutions of tetrathionate and 
thiosulphate respectively, could be detected. 

In ascertaining by means of the iodine titration, in conjunction with 
the developed acidity determination, the nature and extent of the 
change which the sulphite undergoes, it must be noticed that in no 
case is the iodine titration more than a record of the quantity of 
converted and unconverted sulphite in the solution at any particular 
moment ; it is not a record of the total change the sulphite may have 
undergone. Further, before we should be justified in deducing from 
a knowledge of the nature and extent of the change the sulphite has 
undergone, the nature aud extent of the change the tetrathionate 
has undergone, we must ascertain whether any, and, if so, what, 
secondary changes are possible and whether they actually occur. If 
potassium sulphite and tetrathionate react in aqueous solution, 
the changes which should be possible would seem to be: (a) the 
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direct change, K,SO, + K,S,0, = K,5,0, + K,S8,0, ; (b) re-formation of 
the original system if the change is reversible ; (c) reaction between 
unchanged tetrathionate and potassium thiosulphate, which change 
may also be reversible, K,S,0, + K,S,0, = K,S,O, + K,SO,. 

The determination of the iodine titration-value with the view of 
estimating the extent of the conversion of sulphite into thiosulphate 
would give no indication of this secondary change of tetrathionate 
into pentathionate, supposing it to occur ; but such secondary change 
is at the expense of tetrathionate, and consequently we must ascertain 
whether it occurs, and to what extent, before we can deduce the nature 
and extent of the change the tetrathionate undergoes from a know- 
ledge of the nature and extent of the change the sulphite suffers. 

With the view of ascertaining whether this formation of pentathionate 
actually occurs when potassium sulphite and tetrathionate react in 
aqueous solution, and, if so, to what extent, the reaction of potassium 
pentathionate with an ammoniacal solution of silver nitrate was 
examined in the hope that it might possibly form an approximate 
quantitative method of estimating pentathionates, 

The ammoniacal solution of silver nitrate was prepared by dis- 
solving 2 grams of the crystallised salt and 50 c.c. of concentrated 
aqueous ammonia solution in 200 c.c, of water. The strongest 
solution of potassium pentathionate contained 0°361 gram dissolved 
in 100 c.c. Into a number of test-tubes of approximately the same 
diameter, portions of 10 ¢.c. each of the ammoniacal silver nitrate 
solution and an equal volume of the solution of pentathionate were 
run, The times were recorded which elapsed before coloration was 
first detectable, and, in the case of stronger solutions of pentathionate, 
the times were also recorded which elapsed before the coloration 
equalled that of an unchangeable standard. In this manner, the effect 
of (a) diminishing the concentration of the pentathionate solution, 
and (5) the presence of other substances in solution, was investigated. 

(a) The effect of diminishing the concentration of the pentathionate 
solution is shown from the tabular statement on p. 802 of the results 
obtained. 

(5) The effect of the presence of other substances in solution was 
investigated with the following results. 

Using a solution of pentathionate twenty times as dilute as the 
strongest used in determining the effect of dilution, potassium thio- 
sulphate, trithionate, or tetrathionate, when present in equimolecular 
quantities relatively to the pentathionate, did not diminish the 
rapidity with which the darkening with ammoniacal silver nitrate 
occurred in their absence, Potassium sulphite, on the other hand, not 
only diminished the rapidity, but also the extent of coloration. Using 
the twenty times diluted pentathionate solution, potassium sulphite 
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| fot 
First coloration | Coloration equalled sh 
detected. standard. 
The strongest solution of pentathionate, n 
(O°S6T gram in 100 6.6.).. ......00000000000 Immediately. - | After 10 minutes, , 
The strongest solution diluted 10 times ... * is oe J, 
es Je >> 20 ,,. «| Within half oa , 
minute I 
a od a a .... Within five 
minutes | Coloration never 1 
oe - ,, 1000 ,,  ... Not within first > equalled that of ‘ 
hour standard. " 
(After 24 hours, (: 
trace of darken- 
ing detected) ) 
d 
t 
when present in quantities twice the equivalent, the equivalent, and f 
1/5th the equivalent proportion of the pentathionate present, retarded 


the first appearance of colour thirty minutes, twenty minutes, and a 
fraction of a minute respectively. Even after twenty-four hours the 
coloration in the two first cases was still extremely faint, and in the 
third case was unquestionably less intense than in the experiment 
where no sulphite had been present. It was further found that the 
addition of potassium sulphite to a solution of ammoniacal silver 
nitrate and pentathionate, in which the darkening was proceeding, 
arrested the same. With the exception of the latter experiment, in 
every case the method of performing the test was to run into the test- 
tubes the ammoniacal silver nitrate solution, then the solution of the 
substance the effect of which was to be determined, and, lastly, the 
pentathionate solution. 

The experimental investigation of the reaction of potassium thio- 
sulphate with potassium trithionate and tetrathionate was repeated, 
and the ammoniacal silver nitrate test applied to the product of such 
reaction. The flasks previously used were again employed, and con- 
tained (1) a solution of potassium tetrathionate and thiosulphate ; (2) a 
solution of potassium trithionate and thiosulphate; (3) a solution of 
potassium tetrathionate and thiosulphate, and (4) a solution of potass- 
ium trithionate and thiosulphate. The quantity of the thiosulphate 
was twice the equimolecular proportion of the trithionate or tetra- 
thionate present. The solutions contained in (I) and (2) were made 
with boiled water saturated with carbon dioxide, and those in (3) and 
(4) with ordinary distilled water. Through (1) and (2) a stream of 
carbon dioxide passed continuously, and through (3) and (4) a current 
of air was drawn for the first and last two of the twenty-four 
hours. 

The determination of the iodine titration-value at the end of twenty- 
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four hours of portions of 10 ¢.c. of the contents of the four flasks 
showed : 

(a) In (1) and (3) the thiosulphate remained unchanged. 

(6) In (2) some 3 per cent. of the thiosulphate had become converted 
into sulphite, and the sulphite remained as such in the solution. 

(c) In (4) some of the thiosulphate had become converted into sul- 
phite, and the sulphite had been partly oxidised. — 

The application of the ammoniacal silver nitrate test to portions of 
10 c.c. of the contents of the four flasks showed: (a) in (1) and (3) an 
immediate and considerable pentathionate indication, (6) in (2) and 
(4) an extremely faint indication of pentathionate. 

Hence, from these results, potassium tetrathionate and thiosulphate 
do react in aqueous solution to form pentathionate and sulphite, but 
the latter substance immediately reacts with excess of tetrathionate to 
form trithionate and regenerate thiosulphate. Whether the whole of 
the tetrathionate thus becomes converted into pentathionate and tri- 
thionate, or whether the change between thiosulphate and tetrathionate 
is a reversible one, the above experiment does not provide one with 
the means of deciding. Certainly the ammoniacal silver nitrate test 
points to a considerable transformation into pentathionate. 

The rapid diminution in the iodine titration-value of a mixed solu- 
tion of potassium sulphite and pentathionate shows that these two 
salts quickly react in aqueous solution. When potassium sulphite 
reacts in equivalent proportions with pentathionate in aqueous solution, 
the solution containing 0°361 gram of the pentathionate in 100 c.c., 
the diminution in the iodine titration-value of the solution at the end 
of fifteen, thirty, forty-five, and sixty minutes after mixing equalled 
43°4, 46°3, 47-1, and 47:3 per cent. respectively of the initial iodine 
titration-value. 

If the sulphite abstracts sulphur from the pentathionate and thereby 
becomes converted into thiosulphate, the diminution in the iodine 
titration-value if the reaction completed itself would equal 50 per 
cent. The above values clearly point to the attainment of a limit 
somewhere in the neighbourhood of a 50 per cent. diminution, 
and from them it may be inferred that the general nature of the 
reaction between potassium pentathionate and sulphite is that the 
sulphite abstracts sulphur from the pentathionate and itself becomes 
converted into thiosulphate. Debus has suggested that the sulphite 
when reacting with the pentathionate decomposes into 


, 2KOH + H,SO, 
(Trans., 1888, 53, 333), and that the change proceeds according to 


the equation: 
3K, So, +2K58 ,0,+ 3H, O'= 5K.S8,0, + 3H,S0,. 
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If the reaction proceeded in accordance with this equation and 
completed itself, the iodine titration-value, supposing no sulphur 
dioxide to escape, would, instead of diminishing, be increased by 
83-3 per cent. Supposing the pentathionate and sulphite to have 
been originally present in equimolecular proportions, and supposing 
the excess of pentathionate to react with sulphurous acid according 
to the equation : 


the increase in the iodine titration-value, if the latter reaction 
completed itself, would be 50 per cent. The fact that in place of 
an increase in the iodine titration-value we have a diminution 
approximating to 50 per cent. shows that the general nature of 
the reaction is not that indicated by the former of the equations, 
‘but is the conversion of sulphite into thiosulphate and consequent 
abstraction of sulphur from pentathionate. 

This rapid conversion of sulphite into thiosulphate and consequent 
abstraction of sulphur from pentathionate affords, I think, the 
explanation of the influence of potassium sulphite in retarding the 
velocity and in diminishing the extent of the coloration when the 
ammoniacal silver nitrate test is employed in the presence of a 
sulphite. Sulphur is rapidly abstracted from the pentathionate, so 
that the solution becomes quickly diluted in respect of the penta- 
thionate contained in it. Of the two other explanations which 
theoretically might be possible, the one, that the sulphite prevents 
the decomposition of the pentathionate, is shown by the above 
experiment to be incorrect, and the other, that the pentathionate is 
decomposed by the ammoniacal silver nitrate solution and _ the 
sulphite itself takes up the separated sulphur, seems improbable, 
for silver sulphide is an insoluble compound which would be 
preferentially formed. 

These preliminary experiments establish the following facts: (1) 
Potassium sulphite and trithionate do not react in‘aqueous solution. 
(2) Potassium thiosulphate and trithionate react to an appreciable 
extent to form sulphite and tetrathionate and the merest trace of 
pentathionate. (3) Potassium thiosulphate and tetrathionate react in 
aqueous solution to form pentathionate, the resulting sulphite being 
immediately reconverted into thiosulphate. (4) Potassiumssulphite 
rapidly abstracts sulphur from pentathionate when the two salts react 
in aqueous solution. (5) Solutions of potassium trithionate and tetra- 
thionate containing a gram-molecular weight per litre are stable during 
twenty-four hours. Iodine has no immediate action on any or all 
of the salts, potassium trithionate, tetrathionate, and pentathionate. 
Potassium thiosulphate and sulphite when present with trithionate, 


teti 
pre 
sul 
sal 


tetrathionate, or pentathionate, or a mixture of any or all of them, 
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preserve their iodine titration-value, provided the thiosulphate or 
sulphite has not already reacted with the aqueous solution of such 
salt or salts. 


Interaction in Aqueous Solution of Potassium Sulphite and 
Tetrathionate. 


The aqueous solution of the sulphite and tetrathionate was con- 
tained in a tall cylinder of the capacity of 250—300 c.c., which 
was closed by a well-fitting indiarubber cork, through which passed 
a carbon dioxide entrance tube and an exit tube provided with a 
stop-cock. The potassium tetrathionate was dissolved in the 
eylinder in 175 ¢.c. of oiled water previously saturated with carbon 
dioxide, the quantity of the salt being weighed out separately each 
time. The sulphite solution was contained in small glass bulbs of 
about 30 c.c. capacity, from: which the air was displaced by a 
stream of carbon dioxide. The sulphite solution was prepared by 
introducing into a dry 250 c.c. flask, from which tho air had been 
displaced by carbon dioxide, the weighed quantity of the salt, and 
adding boiled out water (previously saturated with carbon dioxide) 
to the mark. The flask was provided with a cork, through which 
passed a glass tube, one end of which was connected with an 
apparatus generating carbon dioxide, and the other almost touched 
the surface of the liquid in the flask. The stop-cock of the carbon 
dioxide apparatus was always open, so that when the cork was 
removed a stream of the gas passed through the glass tube on 
to the surface of the sulphite solution. The bulbs were charged 
with the sulphite solution by withdrawing from the flask the re- 
quisite volume, 25 ¢.c., and running it into the bulbs, which were 
inmediately afterwards sealed before the blowpipe. One such bulb 
was introduced into the cylinder containing the tetrathionate 
solution, and a similar one into a similar cylinder containing 175 c.c, 
of boiled water (previously saturated with carbon dioxide). The 
cork of each was replaced, and a rapid stream of carbon dioxide 
again passed through the liquids in the two cylinders. The bulbs 
were broken against the sides of the cylinders, and the contents of 
the cylinders well and quickly mixed partly by the stream of 
carbon dioxide and partly by shaking. The exact moment of 
breaking the bulb in the tetrathionate solution was recorded by 
releasing the seconds hand of a stop-watch. At intervals, 20 c.c. 
of the solution were withdrawn by a pipette and run into an 
iodine solution contained in small flasks, and the excess of iodine 
titrated with a solution of thiosulphate, 2 c.e. of which equalled 
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1 cc. of the iodine solution. The initial sulphite titration was 
determined by acertaining the iodine titration-value of 20 c.c. of 
the contents of the cylinder, which contained no dissolved tetra- 
thionate, and determinations after varying intervals showed that 
with the above precautions this initial titration-value could be 
preserved for twenty-four hours, that is, the sulphite could be pre- 
served from oxidation for so long a period at least. 

In the account which follows, the strength of the iodine solution is 
given as a record of the concentration of the solutions in which the 
change was proceeding, for the sulphite initially contained in 1 ¢.c. of 
such solutions required as nearly as possible 1 c.c. of the iodine 
solution used in the titration, and the tetrathionate, and any other 
substance added to the solution, was present in equivalent proportion 
relatively to the sulphite or in some multiple or fraction thereof. 


The Change Proceeds with the Formation of Potassium Thiosulphate 
in Quantities Equivalent to the Sulphite which has Entered into 
the Reaction. 


The formation of thiosulphate was proved by estimating the iodine 
titration-value of a solution in which the change between tetrathionate 
and sulphite was proceeding, and also the acidity developed when the 


iodine titration was completed. Methyl-orange was used as indicator 
in the acidity determination, the blue colour of the starch iodide 
being first discharged with a drop of a thiosulphate solution. 

The iodine solution contained 5°08 grams in 1000 ec.c. In the 
first experiment, the proportions of sulphite and tetrathionate were 
equivalent ; in the second, the proportions were K,SO,:4K,S,0,. In 
both cases it was found that: 

A-S=T-A, 
where 

A=Actual iodine titration-value of the solution determined at 
varying intervals after mixing. 

S=Todine titration-value of sulphite then present, as calculated 
from the developed acidity. 

7 = Initial iodine titration-value of the solution. 

Inasmuch as the iodine titration-value of a thiosulphate is only 
half that of its equimolecular proportion of sulphite, the diminution 
of the sulphite titration by an amount twice that of the diminution 
in the value of the iodine titration-value of the solution ‘shows. that 
thiosulphate has been formed in the solution in quantities equivalent 
tg the sulphite which has reacted with tetrathionate, 
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The Conversion of Sulphite into Thiosulphate is Reversible. 


At first it was attempted to prove the truth of this by determining 
the values of the percentage change at intervals of twenty-four, forty- 
eight, and seventy-two hours after mixing. However, the extent to 
which the conversion of sulphite into thiosulphate proceeds is a con- 
siderable proportion of the theoretically complete change, and in 
consequence, the velocity of change after these intervals, even sup- 
posing no limit short of complete conversion to be attainable, would 
be extremely small. By reason of this fact and the fact also that the 
solution might possibly become oxidised, the method was uncertain 
and was consequently abandoned. 

In the absence of secondary reactions, if, with the exception of 
variation in the active masses of the substances entering into the 
reaction, the conditions under which a chemical change proceeds are 
constant, the velocity is directly proportional to the product of the 
active masses of the substances betWeen which the change is pro- 
ceeding. If no secondary reaction intervenes, the amount of trans- 
formation in a given interval of time, @, can be calculated from 
the equation, 


i 1 =aé, 


A-x A 


where 

A represents the active masses of the substances present. 

« =the quantity transformed in the interval of time, #, aud 

a= a constant. | 

The comparison of the values of the perceniage change of sulphite 
into thiosulphate after varying intervals of time from the first moment 
of mixing with the values for the same intervals calculated from the 
above equation by using for a its value as determined from the 
observed percentage change in the first interval of time, shows a 
retardation of the change in excess of that due merely to dilution. 

The values for a solution of potassium sulphite and tetrathionate in 
equivalent proportions, the concentration of which corresponded 
with an iodine solution containing 5°08/2 grams in 1000 c.c., gave : 


Percentage 


Percentage 
change calculated 


change 


actually occurring. from equation. Differences. 
+ hour after mixing ............ 29°5 29°5 a+ 
4 - Sas AP OAS 41:9 45°5 3°6 
Z 9 a3” seewcneegans 50°2 55°6 54 
1 9 % . 55°7 62°6 6°9 


The secondary reactions which are theoretically possible in a 
solution in which sulphite and tetrathionate are reacting one with 
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another are : the reverse change between thiosulphate and trithionate, 
the formation of pentathionate by interaction of tetrathionate and 
thiosulphate, and its subsequent reconversion into tetrathionate by 
the action of sulphite. The preliminary experiments have shown that 
potassium trithionate and thiosulphate do react to. form tetrathionate 
and sulphite, and that potassium tetrathionate and thiosulphate react 
to form pentathionate. ‘They have also shown how rapidly potassium 
pentathionate and sulphite interact. It will be subsequently shown 
that pentathionate is not permanently formed in a solution in which 
potassium tetrathionate and sulphite react in equivalent quantities, 
The interaction of trithionate and thiosulphate would account for a 
retardation of the velocity of the direct change between tetrathionate 
and sulphite in excess of that occasioned merely by dilution, and, 
from the fact disclosed by the preliminary experiments that potassium 
trithionate does react with thiosulphate to form sulphite and pre- 
sumably tetrathionate, may, I think, be regarded as in the main 
responsible for the retardation, in excess of that occasioned by 
dilution, in the velocity with which the direct change between 
tetrathionate and sulphite proceeds. In other words, the change 
between tetrathionate and sulphite of potassium is a reversible one. 
However, certain results to be mentioned later are quite inconsistent 
with the supposition that the change is a simple reversible one uncom- 
plicated by any secondary reactions. As will be shown later, the 
addition to the system of either potassium trithionate or thiosulphate, 
instead of retarding, accelerates the velocity of chemical change in the 
first hour, although the addition of either of these substances reduces 
the limit values. 

With the view of gaining some conception of the approximate limit 
value for the change between sulphite and tetrathionate, portions of 
20 c.c. of a solution in which the change was proceeding were sealed 
up in small glass bulbs, from which the air had been displaced by 
carbon dioxide. ‘The solution corresponded with an iodine solution 
containing 5°08/2 grams in 1000 c.c., and the sulphite and tetra- 
thionate were present in equimolecular proportions. The values of 
the percentage change at the end of twenty-four hours, forty-eight 
hours, and eight days were determined : 


24 hours from first mixing, the percentage change was 91°4 
48 9) 92 ” 29 ” 92°7 
’ 93'1 


9? 


9 


In each case, the titrated solution was distinctly acid. The values 
seemingly point to a limit value somewhat less than 95 per cent. 


Per 
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Pentathionate is not Permanently Formed in the Solution when Potassiun 
Sulphite and Tetrathionate react in Equivalent Proportions in Aqueous 
Solution. 


The preliminary experiments have already shown how rapidly 
sulphite abstracts sulphur from pentathionate, the sulphite itself 
becoming converted into thiosulphate. The pentathionate, if formed 
when potassium sulphite and tetrathionate react in equimolecular 
proportions in aqueous solution, would more probably be found in a 
solution in which the change had been proceeding for some time. 
Accordingly, having sought in vain for its presence in portions of 
solutions in which less than 50 per cent. of the sulphite bad been 
converted into thiosulphate, solutions in which the change had 
proceeded for twenty-four and forty-eight hours respectively were 
examined, Portions of 10 c.c. of the solutions when tested with the 
ammoniacal silver nitrate solution did not in either case show any 
darkening within the first two hours. Eighteen hours after adding 
the ammoniacal silver nitrate solution a darkening had developed, the 
intensity of which about equalled that developed in a quarter of an 
hour in a solution of potassium pentathionate containing 0°0361 gram 
in 100c.c. The inference to be drawn is, apparently, that, until the 
sulphite present in the solution had become oxidised by exposure to the 
air, no pentathionate was permanently formed in the solution. When 
potassium sulphite and tetrathionate in equivalent proportions react 
in aqueous solution, pentathionate is not permanently formed in the 
solution, provided the excess of sulphite is protected from oxidation. 


The Effect of Varying the Mass of the Tetrathionate, the Mass of the 
Sulphite Initially Present Renining Constant. 


The sulphite present corresponded with an iodine solution containing 
5038/2 grams in 1000 c.c. The tetrathionate present was in A, the 
equivalent proportion of the sulphite, in 4, half the equivalent 
proportion, and in C’, twice the equivalent proportion. The values for 
the percentage change were : 


eee reeeee 


A, B. C. 
one K,S0,: K,S,0¢5 K,SO,: 4K,S,0,. K,SO;: 2K,8,0,. 
+ hour after mixing ............ 29°9 15°8 53°0 
>)” == eres 41°6 23°3 68°3 
hour .  . 502 28°7 75°7 
1 hour ,, apie abtaniestens 55°8 32°7 80°7 
24 hours ,, 90°8 50°5 100°0 


These values are the percentage conversion of sulphite into thio- 
sulphate actually occurring. In the case of B, in order that they 
should express the percentage of the theoretically possible conversion, 
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they would require to be multiplied by two. In the case of Band C, 
the total theoretically possible conversion of sulphite into thiosulphate 
has taken place ; the slight excess of 50°5 over 50°0 is, of course, due 
to oxidation. In C, where, after twenty-four hours, sulphite was no 
longer present, it was to be expected from the preliminary experiments 
that pentathionate would be found. The amnioniacal silver nitrate 


test gave an immediate darkening with-10 c.c. of the solution (C) ; 


pentathionate had been formed in considerable quantities.- 


Effect of the Presence in the System K,SO,—K,S,0, of (a) Potassiuin 
Trithionate, (b) Potassium Thiosulphate, in Quantities Equivalent 
to the Sulphite. 


The concentration of the solution in respect of the sulphite initially 
present corresponded with ansiodine solution containing 5-08/2- grams 
in 1000 cc. The tetrathionate and the. trithionate or thiosulphate 
initially present was the equivalent proportion of this quantity of 
sulphite : 

K,SO;:K8,05: K,SO,:K,S,0,: 


‘the percentage con-) K,SO,: K,8,0,. K.S,035. K_53,05. 
At the end of | version of sulphite | 29:9 34°8 10°8 
i hegn) into thiesulphate | «= : 
was ; 
war ue ‘ ns 41°6 13:8 53°7 
vee Shs ‘a - 50°2 56°2 60°2. 
a z = 55'8 61°2 64'8 
»» 48 hours & = 92°3 90°0 * 87°0 


The increase in the values for the percentage change occurring 
during the first hour, when thiosulphate or trithionate is present, over 
the corresponding values, when sulphite and tetrathionate interact in 
the absence of these substances, is noticeable, and clearly shows that 
the nature of the reaction between potassium tetrathionate and 
sulphite cannot be a simple reversible change. The presence of 
products of the change accelerates the rate of chemical change. On the 
other hand, the values for the interval of forty-eight hours are in both 
cases smaller than the corresponding percéntage (92°3) for the system 
K,SO, : K,S,0,, and point to the reversibility of the change between 
potassium sulphite and tetrathionate. The fact that thiosulphate does 
in certain circumstances react with tetrathionate, whereas tri- 
thionate does not react with either sulphite or tetrathionate, may 
account for the difference in the values of the percentage change 
when thiosulphate and trithionate are respectively present. Although 
thiosulphate and tetrathionate do not form pentathionate in the 
presence of sulphite, there must be a tendency to the formation of 
pentathionate, ‘even if pentathionate is not actually momentarily 
formed, when thiosulphate and tetrathionate occur in a solution even 
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in the presence of sulphite. This tendency to the formation of, or 
the momentary formation of, pentathionate may conceivably account 
for the smaller percentage values when thiosulphate in place of 
trithionate is initially present. 


Conclusions. 


When potassium sulphite and tetrathionate are dissolved in the 
same aqueous solution, chemical change proceeds with the formation 
of thiosulphate in equimolecular proportions to the sulphite so con- 
verted. If the sulphite and tetrathionate are originally present in 
equimolecular proportions, the conversion of sulphite into thiosulphate 
does not proceed to completion, and pentathionate is not formed in 
appreciable quantities. 

If the relative proportions in which the sulphite and tetrathionate 
are dissolved are either K,SO,:4K,S,0, or K,SO,:2K,S,0,, the theoreti- 
cally complete conversion of sulpnite into thiosulphate takes place, 
and in the latter case, when the sulphite has been wholly converted 
into thiosulphate, pentathionate is found in the solution in consider- 
able quantity. 


CurisT Cxvurou, 
OxForD. 


LXXIV.—The Displacement of Halogen in 1|-Phenyl- 
chloroacetic Acid by Hydroxy- and Methoxy- 
groups. A Contribution to the Chemistry of the 
Walden Inversion. 


By ALEx. McKenzir and Grorcr Witutam Cxoven. 


In the course of the last few years, the racemising effect of alkali, 
more particularly during the saponification of optically active menthyl 
and bornyl esters, has been repeatedly observed by one of us (Trans., 
1904, 85, 378, 1249; 1905, 8'7, 1373; McKenzie and Thompson, 
Trans., 1905, 87, 1004; 1907, 91, 789; McKenzie and Miiller, 
Trans., 1907, 91, 1814), who has in consequence been led to consider 
whether those results have any bearing on the formation of optically 
active mandelic acid from optically active phenyl-halogen-acetic acids 
by the so-called “ Walden inversion.” 

The possibility of transforming an optically active compound into 
its enantiomorphous isomeride without first forming the r- (or dl-) 
compound and then resolving the latter was realised by Walden more 
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than ten years ago. This unexpected and remarkable change* has 
not yet been explained. The interest in it has, however, lately been 
revived in consequence of various observations made by E. Fischer 
and his co-workers in connexion with the synthesis of polypeptides, 
At the present time, it may therefore be useful to give a brief résumé 
of the more important results so far achieved with reference to the 
change in question. 

From the researches of Piria (Awnalen, 1848, 68, 349), Pasteur 
(Ann. Chim. Phys., 1852, [iii], 34, 46), and Piutti (Ber., 1886, 19, 
1693), it appeared that /-asparagine, NH,*CO°CH,*CH(NH,)-CO,H, 
is converted into /-malic acid, CO,H*CH,*CH(OH)-CO,H, by the 
action of nitrous acid; the behaviour of /aspartic acid, 

CO,H-CH,:CH(NH,)-CO,H, 

towards nitrous acid is similar. These results were confirmed by 
Walden (Ber., 1895, 28, 2766), who had previously shown (Ber., 1893, 
26, 214; 1895, 28, 1287) that 7-malic acid (or its esters) is 
converted into d-chlorosuccinic acid, CO,H*CH,*CHCI°CO,H (or its 
esters) by the action of phosphorus pentachloride. The corresponding 
bromo-esters, formed in a similar manner from phosphorus penta- 
bromide and /-malic acid, are also dextrorotatory. That the chloro- 
succinic acid, produced directly either from /-asparagine or /-aspartic 
acid by the action of nitrosyl chloride, is levorotatory and not dextro- 
rotatory (Tilden and Marshall, T'rans., 1895, 6'7, 494 ; Walden, Ber., 
1895, 28, 2766 ; 1896, 29, 133) was accordingly a very astonishing 
observation when viewed with relation to the other results just 
quoted. Its significance was fully appreciated by Walden when he 
made the following statement (Ber., 1895, 28, 2772): “ Ausgehend 
von einem einheitlichen, optisch activen und mit nur einem asym- 
metcischen Kohlenstoffatom begabten Kérper sind wir daher im 
Stande, unter Anwendung von optisch inactiven, chemisch verschieden 
wirkenden Agentien, bei relativ niedrigen Temperaturen zweierlei 
active Substitutionsproducte, d.h. die beiden optischen Antipoden zu 
gewinnen.” From the work just referred to, it was accordingly 
shown that /-asparagine (or /-aspartic acid) may be converted either 
into /- or d-chlorosuccinic acid, thus: 


-NH,CO-CH,-CH(NH,)-CO,H (*Y HNO.) -C0,H-CH,-CH(OH)*CO,H 


(by Nocl) {by PCI,) 


/-CO,H’CH,*CHCI-CO,H d-CO,H*CH,*CHCI-CO,H 
A change of configuration (a “‘ Walden inversion”’) by the action of 


* “Diese Entdeckung war seit den grundlegendeh Untersuchungen Pasteurs dic 
iiberraschendste Beobachtung auf dem Gebiete der optisch-aktiven Substanzen,” 
K. Fischer, Ber., 1907, 40, 489. 
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nitrosyl chloride, nitrous acid, or phosphorus pentachloride must 
therefore have taken place. 

With the view of deciding whether the /-halogen-succinic acid or its 
d-isomeride is related in configuration to ordinary /-malic acid, Walden 
(Ber., 1896, 29, 133) next studied the displacement of halogen by 
hydroxyl in those compounds by means of silver oxide, and established 
the following cycle : 

-UO,H-CH,CH(OH)-CO,H (PY PO!) ¢-CO,H-CH,-CHCI-CO,H. 

Koy Ag,0) (by Ag,0) 

1-CO,H-CH,CHCI‘CO,H iy poi, CO, H-CH,CH(OH):CO, H 

When, however, potassium hydroxide was substituted for silver 
oxide for the purpose of displacing the halogen by hydroxy], the optical 
activity of the resulting malic acid was of the opposite sign to that 
of the halogen-succinic acid used (Walden, Ber., 1897, 30, 3146), 
thus : é 

(by PCI;) 

-CO,H-CH,-CH(OH)CO,H 2 d-CO,H-CH,-CHClL-COLH. 

(by KOH) 

By the successive action of phosphorus pentachloride and silver oxide, 
it is thus possible to convert /-malic acid into d-malic acid, or vice versa. 

In the displacement of halogen, either silver oxide or potassium - 
hydroxide acts abnormally. In order to obtain information on this 
point, Walden (Ber., 1899, 32, 1833) studied the displacement of 
halogen with a large number of bases. Some of these behaved like 
silver oxide, and others like potassium hydroxide. The curious result 
was that strong ba es did not behave in one way and weaker bases 
in the other. The determination of the sign of the rotation of the 
malic acid formed in each one of Walden’s experiments was of more 
value than the absolute numerical value found. Sometimes the action 
of the base was incomplete; fumaric acid was often formed ; the 
malic acid was generally extracted from the unattacked halogen acid 
by means of acetone, and its slight rotation greatly intensified by 
means of Walden’s alkaline uranyl nitrate reagent. A perusal of the 
various values shows that marked partial racemisation had often 
occurred, 

Walden submits arguments in favour of regarding the conversion of 
l-malic acid into dextrorotatory halogen-succinic acid as an optically 
normal action, that is, an action not involving a change of configura- 
tion, It is accordingly proposed by him to designate, for example, 
the acid obtained from phosphorus pentachloride and /-malic acid as 
/-chlorosuccinic acid (Ber, 1899, 32, 1855). With regard to the 
displacement of halogen by hydroxyl, the action of bases which 
behave like potassium hydroxide is regarded as in all probability 
3H 2 
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optically normal and ionic. Bases which behave like silver oxide 
very probably act abnormally, the change in configuration being due 
to the formation of intermediate silver compounds. 

Since /-chlorosuccinic acid is obtained directly from J-aspartic acid 
by means of nitrosyl chloride, and, since d-chlorosuccinic acid is 
obtained from the same source by the action of nitrous fumes and 
subsequent action of phosphorus pentachloride, it follows that either 
nitrosyl chloride or nitrous acid must act abnormally. 

The Walden inversion with reference to lactic acid was studied by 
Purdie and Williamson (Trans., 1896, 69, 837), who carried out the 
following changes : 
d-CH,’CH(OH)-CO,H —> /-CH,-CH(OH)-CO,:C,H, (by PC) 

d-CH,-CHCI-CO,*0,H, —> d-CH,*CHCI-CO,H (by 48:9) 
l-CH,*CH(OH):CO,H. 

E. Fischer (Ber., 1907, 40, 489) shows that d-bromopropionic acid 
behaves in a similar manner either with silver oxide or silver carbonate, 
being converted into /-lactic acid ; with potassium hydroxide, it forms 
d-lactic acid. The behaviour of silver oxide and of potassium 
hydroxide is thus exactly similar to the experience of Walden in his 
work on the interconversion of the malic acids. 

Fischer has utilised the Walden inversion for the syntheses of 
various optically active polypeptides (Ber., 1906, 39, 2893). For 
example, r-leucine was resolved into its optically active components by 
fractional crystallisation of the brucine salts of its formyl derivative ; 
d-leucine, obtained in this manner, was converted by means of 
nitrosyl bromide into d-a-bromoisohexoic acid, 

CH Me,:CH,:CHBr-CO,H, 
which, by the action of phosphorus pentachloride, gave d-a-bromoiso- 
hexoyl chloride. The latter compound was then coupled with 
l-leucine, when d-a-bromoisohexoy1-/-leucine, 
C,H,-CHBr-CO-NH:CH(C,H,)-CO,H, 
was formed, and this, by the action of ammonia, was converted into 
L-leucyl-/-leucine, C,H,*CH(NH,)-CO:-NH-CH(C,H,)-CO,H. 

Amongst the other important advances made by Fischer in his 
studies on the Walden inversion, the following may be mentioned. 

(1) Displacement of the halogen by the amino-group and vice versa. 
The interconversion of the active alanines and a-bromopropionic acids 
was studied (Ber., 1907, 40, 489), and the following cycle established : 


d-CH,°CH(NH,)-CO,H (bY N¥s) ¢-CH,-CHBr-CO,H 


{ (by NOBr) * (by NOBr) 
L-CH,CHBr:CO,H = (°Y NH») 7.CH,*CH(NH,)-CO,H 
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The conclusion is drawn that the action of ammonia is normal and 
that of the nitrosyl bromide abnormal. 

Fischer and Raske (Ber., 1907, 40, 1051) have also studied the 
interconversion of /-bromosuccinic acid and d-aspartic acid, thus : 


-CO,H:CH,"CHBr-00,H = (*Y NH) ¢.C0,H-CH,*CH(NH,)*00,H 


and 


-C0,H-CH,"CH(NH,)-CO,H = (*y NOB) /.¢O,H-CH,-CHBr:CO,H . 


(2) Fischer found that the same reagent may at one time act 
normally and at another abnormally with compounds very closely 
related to one another in structure. Thus, whilst d-alanine yields 
l-bromopropionic acid with nitrosyl bromide, the latter reagent con- 
verts ethyl d-alanine into ethyl d-bromopropionate : 


@-CH,CH(NH,)-C0,H = (°y (NOB) //.CH,-CHBr-CO,H 
d-CH,-CH(NH,)-CO,Et = (by_NOBr) —_ ¢. CH, -CH(NH,)-CO, Et. 


A similar result was obtained with /-leucine and its ester, and also 
with J-aspartic acid and its ester (Fischer and Raske, loc. cit.) : 


-CO,H-CH,*CH(N4,)-CO,H (by NOB!) /.00,H-CH,"CHBr-00,H 
1-00, Et+CH,*CH(NH,)-CO,Et (by NOBY) ¢.CO,Et-CH,CHBr-CO,Et, 


It is considered highly probable that in the conversion of active 
amino-acids into the corresponding active bromo-acids, the action of 
the nitrosyl bromide is abnormal], whilst the action on the esters is 
normal. This difference in behaviour between acid and ester is not 
always borne out, since Fischer and Scheibler (Ber., 1908, 41, 889) 
have recently found an exception in the case of /-valine (a-amino- 
isovaleric acid), CHMe,-CH(NH,)-CO,H. The bromo-compound, 
obtained by the action of nitrosyl bromide on /-valine, gives the 
original 7-valine when acted on by ammonia, a behaviour which is 
attributed to the action of the zsopropyl group. 

The action of silver oxide has been investigated by Fischer from 
the same standpoint as with nitrosyl bromide. Unfortunately, the 
displacement of halogen by hydroxyl by the action of water and 
silver oxide on active bromopropionic esters took place to a very slight 
extent at the ordinary temperature, whilst at higher temperatures 
complications arose owing to partial saponification. The problem was 
solved, however, by combining /-a-bromopropionyl chloride with 
glycine to form 7-bromopropionylglycine, from which, by the action 
of water and silver carbonate, the bromine is displaced by hydroxyl; 
from the resulting compound, /-lactic acid is obtained on hydrolysis, 


The following changes are thus possible : 
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LCHyCHBr-CO,H — (8Y 48:9) d-CH,*CH(OH)-U0,H 


l-CH,-CHBr-CO-NH-CH,:CO,H (by Ag,O and hydrolysis) 
L-CH,-CH(OH):CO,H. 


(3) Fischer is of the opinion that in Walden’s experiments the 
actions of nitrosyl chloride and of silver oxide are in all probability 
abnormal, whilst the actions of nitrous acid, potassium hydroxide, and 
phosphorus pentachloride are normal, The Walden inversion appears 
to be confined to those interactions involving (a) the displacement of 
an amino-group by means of nitrosyl halide, and (6) the displacement 
of a halogen by a hydroxy-group by means of silver oxide and other 
bases mentioned by Walden. 

(4) The Walden inversion is dependent on the presence of a 
carboxyl group. 

In the present paper, an account is given of the displacement of 
halogen in /-phenylchloroacetic acid by the hydroxy- and methoxy- 
groups respectively. 

Walden describes the preparation of d-phenylchloroacetic acid by 
the action of phosphorus pentachloride on /-mandelic acid, but we 
found that this method gave unsatisfactory results, owing to the large 
amount of racemisation which took place. 7-Phenylchloroacetic acid 
was accordingly resolved by the use of morphine, the solvent used 
being methyl alcohol. The resulting /-phenylchloroacetic acid had 
[a] —191°8° for c= 3-353 in benzene solution. Walden’s chloro-acid 
gave [a]) +132:13° under similar conditions, and apparently was not 
free from the r-form. 

A favourable circumstance attending the study of this acid from 
the standpoint of the Walden inversion is the ease with which the 
halogen is completely eliminated from it. This displacement is accom- 
panied by racemisation, which in most cases is very considerable, 
Partial racemisation, however, during the Walden inversion is a 
frequent occurrence, to which attention is repeatedly drawn both by 
Walden and Fischer. 

The change /-C,H,-CHCl-CO,H —> C,H,°CH(OH)-CO,H, carried 
out by the action of water, gave a mandelic acid which was optically 
inactive. In the experiments so far conducted, complete racemisation 
had accordingly taken place. This was an unexpected result for a 
change of an apparently simple nature and one conducted under mild 
conditions. 

A mixture of 7- and /-mandelic acids was obtained by the action of 
water on sodium /-phenylchloroacetate as well as by the action of 
-aqueous sodium hydroxide on sodium /-phenylchloroacetate. On the 
other hand, a mixture of r- and d-mandelic acids was obtained by the 
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action of water on silver /-phenylchloroacetate, and also by the action 
of silver carbonate on /-phenylchloroacetic acid. 

The experiments described in the present paper indicate that the 
following transformations can be effected : 


(by PCI,) 
d-C,H,*CH(OH):CO,H ae l-C,H,-CHCI-C¢ ),H 
hy Ag.O 
Koy NaOH) ('y Agi) JAby NaOH) 
(by PCI) 
d-C,H,*CHCl-CO,H <—- 0,H,CH(OH):CO,H. 
(by Ag,O) 


There is no reason for supposing that the phosphorus pentachloride 
acts abnormally in those cases. Walden found that sodium hydroxide 
behaves like potassium hydroxide. If we accept the view that, in 
the experiments of Walden on the interconversion of the malic acids 
and of Purdie and Williamson and Fischer on the interconversion of 
the lactic acids, the action of the potassium hydroxide is normal and 
the action of the silver oxide is abnormal, then, in the interconversion 
of the mandelic acids, sodium hydroxide behaves abnormally and silver 


oxide normally. 
When /-phenylchloroacetic acid is acted on by methyl-alcoholic 


’ sodium hydroxide or by a solution of sodium methoxide in methyl 


alcohol, a mixture of r- and /-phenylmethoxyacetic acids is formed. 
Since one of us has already shown that /-phenylmethoxyacetic acid is 
obtained by the alkylation of /-mandelic acid by silver oxide and 
methyl iodide (Trans., 1899, 75, 753), it is thus possible to obtain 
from d-mandelic acid either d-phenylmethoxyacetic acid or /-phenyl- 
methoxyacetic acid according to the following scheme : 

d-C,,H,*CH(OH)-CO,H (by Ag:0 and Mel) = 7. -H,-CH(OMe):CO,H 


(by PCI,) 
LC,H,-CHC1-CO,H (hy Bes) 1-C.,H,*CH(OMe):CO,H. 


It is probable that the Walden inversion takes place in the action 


of the sodium methoxide. 

Whilst it is hoped that these experiments may throw additional 
light on the mechanism of the Walden inversion, it can serve no 
useful purpose at the present time to discuss the theory of the subject, 


since further experimental data are required. 


EXPERIMENTAL, 
Action of Phosphorus Pentachloride on \-Mandelic Acid. 


Walden (Ber., 1895, 28, 1295) describes the preparation of 
d-phenylchloroacetie acid by the action of phosphorus pentachloride 
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on /-mandelic acid. The mixture was carefully heated to 160° and 
then fractionated under diminished pressure, when d-phenylchloro- 
acetyl chloride was obtained with [a], +158° in carbon disulphide 
solution. By careful decomposition of this product with cold water 
and recrystallisation of the resulting viscous solid from light 
petroleum, the resulting d-phenylchloroacetic acid melted at 56—58° 
and had [a] +132°13° for ¢c=3'33 in benzene solution. 

We conducted several experiments with /-mandelic acid, prepared 
from amygdalin, in the manner indicated by Walden, and obtained a 
dextrorotatory phenylchloroacetic acid in every case, but the optical 
activity of the various products was very much less than that quoted 
by Walden. The action took place in two phases, the formation of 
mandelic chloride apparently taking place below 100°; as the 
temperature was raised, the further action of the pentachloride in dis- 
placing the alcoholic hydroxy-group was noticed. Since, therefore, 
very marked racemisation occurred under the conditions employed, we 
were obliged to regard the method as unsuitable for the preparation of 
the d-chloro-acid in quantity, and accordingly had recourse to the 
resolution of the 7-acid by the alkaloidal method. 

It may be noted in this connexion that Kipping and Hunter (Trans., 
1903, 83, 1005) have also attempted, without success, to prepare 
l-phenylchloroacetyl chloride by the interaction of phosphorus penta- 


_ chloride and d-mandelic acid. The acid chloride obtained by them 
was sometimes quite inactive, and they point out that it is a very 
difficult, if not an impossible, task to prevent partial racemisation 
from taking place. 


Resolution of r-Phenylchloroacetic Acid. 


r-Phenylchloroacetic acid was prepared from phosphorus penta- 
chloride and r-mandelic acid according to the method of Bischoff and 
Walden (Annalen, 1894, 2'79, 122). After recrystallisation from 
light petroleum (b. p. 60—80°), the acid melted at 78—79°, whereas 
Bischoff and Walden give 78°. It contained 20°75 per cent. of 
chlorine, the calculated amount being 20°8. 

Of the various alkaloids tried for the resolution of the r-acid, 
morphine was found to be the most suitable. Water is not a con- 
venient slvent, since thesacid is very sparingly soluble in it in the 
cold, and the halogen is displaced with great readiness if the aqueous 
solution is warmed. The best results were obtained by the use of 
methyl alcohol as solvent, and the following experiment may be 
quoted as typicai. 

To a solution of the r-acid (40 grams) in 200 c.c. of cold methyl 
alcohol, 71 grams of morphine were added, this being the calculated 
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amount for the formation of the nermal salt. The mixture was 
heated with constant shaking, and, as soon as the boiling point was 
reached, the morphine had all dissolved. During cooling to the 
laboratory temperature, crystallisation began, and, after the mixture 
had been maintained at 8—9° for twenty-four hours, the crystals were 
drained off and dried on porous earthenware ; yield, 76 grams. These 
were dissolved in 300 c.c. of warm methyl alcohol, and the solution set 
aside at S—10° for twenty-four hours. The resulting 56 grams were 
dissolved in 300 c¢.c. of warm methyl alcohol, and, after twenty-four 
hours at about 6°, 45 grams were obtained. This product was not 
yet, however, a homogeneous morphine salt, but it was found con- 
venient at this point to decompose it and then crystallise the resulting 
acid mixture, instead of proceeding with the crystallisation from 
methyl alcohol. N-Hydrochloric acid (120 c.c.) was accordingly 
added, and the chloro-acid extracted four times with ether. (In 
subsequent experiments, the powdered morphine salt was shaken with 
aqueous sodium carbonate solution, the morphine removed, the sodium 
salt decomposed by mineral acid, and the chloro-acid extracted with 
ether.) The ethereal solution, which had been dried by sodium 
sulphate, yielded a levorotatory acid (12 grams), which melted at 
58—62° and had the following rotation in benzene solution ; 
t=1, c=3:070, ay —5°54°, [a |i) —180°5°. 

This product, after one crystallisation from light petroleum, gave 
7 grams of the pure /-acid. It is important that the crystallisation 
at this point is effected with low-boiling light petroleum. The 
petroleum, boiling at 60—80°, which was used for the purification of 
the r-acid is not suitable. 

1-Phenylchloroacetic acid, C,H,-CHCI:CO,H, separates from light 
petroleum in long, glassy needles, or, if the crystallisation is conducted 
slowly, in hexagonal, glassy plates. It melts at 60—61° On 
analysis : 

0°1502 gave 0°3102 CO, and 0:0562 H,O. C=563; H=4:2. 

C,H,0,Cl requires C =56°3 ; H = 4°1 per cent. 

The chlorine was estimated by adding an excess of 1/10 silver 
nitrate to a weighed amount of the acid, boiling with concentrated 
nitric acid for thirty minutes, and then titrating with V/10 ammonium 
thiocyanate. 

Found, Cl=20°7: 

C,H,O,Cl requires Cl = 20°8 per cent. 

The method is quite trustworthy for this compound, since the 
complete displacement of the halogen takes place so readily. 

The acid is sparingly soluble in cold water, and readily so in cold 
ether, ethy] alcohol, benzene or chloroform. 
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For the determination of its specific rotation, it was dried at the 
ordinary temperature under diminished pressure until of constant 
weight. In benzene solution : 

l=1, c=3°345, aj? — 6°39°, [aly — 191° 
This value remained constant, within the limits of experimental error, 
when the acid was submitted to a further crystallisation from light 
petroleum. 

The /-acid, obtained from a separate resolution of 100 grams of the 
y-acid carried out on the lines already indicated, had the rotation in 
benzene solution : 


l= 3. c= 3°355, at = 6°43°, [ali = 191-8°, 
The rotation was also determined in chloroform solution : 
t=1, c= 1-650, al}? — 2°63, [a]}!® — 159-4°. 


Walden gives the value [a])+107°9° for d-phenylchloroacetic acid 
with ¢=5°33 in chloroform solution (Zeitsch. physikal. Chem., 1895, 
17, 705). 


Action of Water on 1-Phenylchloroacetic Acid. 


l-Phenylchloroacetic acid (0°85 gram) was added to 20 c.c. of water, 
and the mixture maintained at 100° with occasional shaking for one 
hour. The solution was then extracted three times with ether, and 
the ethereal solution dried with sodium sulphate. The resulting acid 
(0°72 gram), on polarimetric examination.in ethyl-alcoholic solution, 
was found to be optically inactive. It was free from chlorine, and had 
the melting point of r-mandelic acid. The aqueous solution from 
which the mandelic acid had been extracted was also inactive. 

In an experiment where the displacement of the halogen by the 
hydroxy-group took place under different temperature conditions, the 
result was similar. /-Phenylchloroacetic acid (0-213 gram) was shaken 
at the ordinary temperature with nearly 25 c.c. of water for about five 
minutes, at the end of which time all the acid had dissolved. A little 
water was then added until the volume of the solution was 25 c.c. 
The rotation observed in a 4-dem., jacketed tube at 10° was — 5°50°, 
fifteen minutes having elapsed before the temperature had become 
constant. Since, under these conditions, very little displacement of 
the halogen takes place, the value [a]j’ —161:4° may accordingly be 
taken as approximately correct for the specific rotation of the acid in 
aqueous solution for e=0°852. After twenty-four hours at 13°, the 
rotation had fallen toa, —5°08° ; after forty-seven hours longer at 13° 
to — 4°54° ; after thirty hours longer at 13° to -- 4°27°, and after seven- 
teen hours longer at 13° to —4:16°. After fifteen days at the 
laboratory temperature, the rotation had diminished to -0:54°, This 
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solution was heated at 100° for two hours, evaporated to 11 cm., and 
then examined in a l-dem. tube, when no rotation was observed. 

The latter experiment, however, was carried out with very little 
acid, and we hope, by working with larger amounts and varying the 
conditions, to obtain a slightly active mandelic acid. Whilst racemi- 
sation takes place to such a large extent, it is of particular importance 
to know whether the resulting product of the displacement of halogen 
at low temperatures may, under certain conditions, be either a mixture 
of r- and /-mandelic acids or r- and d-mandelic acids. 

The ease with which the halogen is totally displaced in /-pheny]l- 
chloroacetic acid in the experiments quoted is striking when compared 
with the bebaviour of /-bromosuccinic acid towards water as studied 
by Walden (Ber., 1899, 32, 1840). Walden found that from 10 grams 
of the latter acid, 3 grams were recovered, whilst 3 grams of fumaric 
acid and 2 grams of a mixture of 7- and /-malic acids were formed. It 
would be of interest to find out whether it is the undissociated 
phenylehloroacetic acid which undergoes hydrolytic decomposition, 
as suggested by Senter (Trans., 1907, 91, 460), in the case of chloro- 
acetic acid. 


Action of Water on Sodium 1-Phenylchloroacetate. 


A preliminary experiment showed that the halogen is displaced very 
readily and completely when the aqueous solution of sodium r-phenyl- 
chloroacetate is heated at 100° for thirty minutes. Water (16 c.c.) 
was accordingly added to 0°852 gram of the /acid, and 4°7 cc. of 
aqueous 1:06 sodium hydroxide (the calculated amount) added, drop 
by drop, with constant shaking. The solution was heated at 100° for 
thirty minutes, cooled, and made up to 25 c.c. ; in a 4-dem. tube, the 
reading ap — 0°55° was observed. It must, of course, be clearly under- 
stood that this activity is due to sodium /-mandelate, and not to 
unchanged phenylchloroacetate. The mixture of 7- and /-mandelic 
acids, extracted as usual, was free from chlorine, melted at 112—119°, 
weighed 0°59 gram, and gave the following rotation in ethyl-aleoholic 
solution : 

l=1, c=5°9, ap — 0°33°, [a], — 5°6°. 

When the sodium salt was heated with water in more dilute solu- 
tion, the result was similar. Water (3 c.c.) and 0°106N aqueous 
sodium hydroxide (47°1 c.c.) were added to 0°852 gram of the /-acid ; 
the neutral solution, after being heated at 100° for one hour, was 
levorotatory, giving av —0°34° in a 4-dem. tube. The resulting 
mandelic acid mixture melted as before, and had [a], —5:1° for c= 
5°67 in ethyl-alcoholic solution. 

The gradual fall in rotation caused by the action of water on sodium 
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l-phenylchloroacetate was next examined. /-Phenylchloroacetic acid 
(0°426 gram) was dissolved in 23°6 c.c. of 0°106N aqueous sodium 
hydroxide, the calculated amount for the formation of the sodium salt, 
The solution was made up to 25 c.c., and placed in a jacketed 4-dem, 
tube. After the temperature had become constant at 10°5°, thirty 
minutes had elapsed, and the observed rotation was then — 964° 
This gives [a]))* — 125°4° for c= 1-924, a value which may be taken as 
approximately correct for the rotation of sodium /-phenylchloroacetate 
in water. The following figures show the gradual fall in rotation; 
after the first day, the temperature of the solution was not maintained 
constant : 


Time Time 
in hours, in hours, Gp. 

504 -7°01° 

524 6°91 
1184 4:00 
1204 3°95 
1234 3°76 
1474 2°96 
1664 2°49 
1714 2°36 
1933 1°96 
2153 1°59 
2414 1°36 
297 0°98 
3084 0°89 
3214 0°83 
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The solution was finally heated at 100° for one and a-half hours. 
The mandelic acid mixture extracted from it melted at 113—119°, 
weighed 0°3 gram, and had [a], —6°9° for c=1'164 in ethyl-alcoholic 
solution. 


Action of Aqueous Sodium Hydroxide on Sodium 1-Phenylchloroacetate. 


Water (11 c.c.) containing a drop of phenolphthalein was added to 
0°85 gram of /-phenylchloroacetic acid, and then aqueous sodium 
hydroxide (1°06), drop by drop, at the ordinary temperature, The 
pink colour was permanent after the addition of 4°7 ¢.c. ; an additional 
4°‘7 c.c. was then added, and the solution immersed in water at 70°; 
when the temperature of the water-bath had been raised to 90°, the 
solution became colourless. The total displacement of the halogen 
took place under these conditions in three minutes. The solution was 
made up to 25 c.c., and gave ap —0°34° in a 4-dem. tube. On adding 
two drops of the standard alkali and heating to 1Q0° for thirty 
minutes, the pink colour persisted. The solution was again tested 
polarimetrically, and found to be levorotatory. It was acidified by 
hydrochloric acid, and the mandelic acid extracted as usual. The 
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product (0°59 gram) was free from chlorine, melted at 114—119°, and 
gave [a ]p — 4'25° for c=5-89 in ethyl-alcoholic solution. 

In another experiment, the displacement of the halogen was 
carried out under different conditions. An aqueous solution of sodium 


cm, 
irty |-phenylehloroacetate was prepared from 0°852 gram of /-acid as 
54° before. The addition of the second 4:7 c.c. of alkali was carried out 


during eleven and a-half hours, the alkali being added in quantities 
from 0°5—0O-2 c.c. at a time, and the temperature being gradually 
raised from 0° to 100°. After baving been maintained at 100° for 
thirty minutes, the resulting solution was decolorised by the addition of 
two drops of dilute hydrochloric acid, made up to 33 c.c., and examined 
ina 4-dem. tube. It hada, —0°44°. Excess of dilute hydrochloric 
acid was then added, and the mandelic acid mixture extracted ; yield 
0:55 gram. It melted at 112—118°, was free from chlorine, and had 
[a]) —6°1° for c=5°52 in ethyl-alcoholic solution. 


Action of Water on Silver 1-Phenylchloroacetate. 


l-Phenylchloroacetic acid (0°85 gram) was dissolved in 50 cc. 
of V/10 aqueous sodium hydroxide, which had previously been cooled 
at 0°, and 50 cc. of W/10 silver nitrate solution added. The 
precipitate of silver salt was drained off at once, 50 c.c. of water were 
added to it, and the mixture shaken at the ordinary temperature for 
thirty minutes and then allowed to remain at the ordinary temperature 
for twelve hours with occasional shaking. The halogen is displaced 
with great ease under these conditions. The residue was drained off, 
washed with a little cold water, and the total filtrate extracted with 
ether. The resulting product was free from chlorine, melted at 
105—113°, and was a mixture of r- and d-mandelic acids. A 
determination of its specific rotation in ethyl-alcoholic solution gave 
the value [a], +24°7° for c=0°982. 

The aqueous filtrate, from which the precipitate of silver salt had 
been withdrawn, deposited silver chloride after remaining for six days 
in the dark; the acid extracted from the solution was also dextro- 
rotatory. 


Action of Silver Carbonate on 1-Phenylchloroacetic Acid. 


l-Phenylchloroacetic acid (1‘7 grams) was dissolved in 100 c.c. of 
water by shaking at the ordinary temperature for two minutes. 
Freshly-precipitated silver carbonate, prepared irom 3°5 grams of 
silver nitrate, was gradually added, with constant shaking, within an 
interval of thirty minutes. The solution became more and more 
turbid as the silver carbonate was added, but there was practically no 
evolution of carbon dioxide. ‘he contents of the flask were then con- 
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stantly shaken for one hour, when a slight evolution of gas was noted, 
After three more hours at the ordinary temperature, the mixture was 
maintained at 30° for thirty minutes, then at 40° for thirty minutes, 
and, finally, at 100° for one hour with occasional shakivg throughout, 
To the cold solution, dilute hydrochloric acid was added until no 
further precipitate took place, and the solid then filtered and washed 
with water. The filtrate (140 c.c.) was dextrorotatory, giving 
a, +1°34° in a 4-dem. tube. After fifteen hours at the ordinary 
temperature, the solution was extracted with ether. The mandelic 
acid mixture was free from chlorine, melted at 104—110°, weighed 
0°75 gram, and gave the following rotation in ethyl-alcoholic solution : 


l=4; c= 2°914, ap + 5°62°, [a] + 48:2°, 


Conversion of 1-Phenylchloroacetic Acid into |-Phenylmethoayacetic Acid. 


A preliminary experiment with 3 grams of r-phenylchloroacetic acid 
(1 mol.) showed that this acid readily undergoes complete conversion 
into r-phenylmethoxyacetic acid by boiling in methyl-alcoholic solution 
with sodium hydroxide (2 mols.). The resulting methoxy-acid melted 
at 68—70°, whereas McKenzie (Trans., 1899, 75, 753) gives 69°. 

l-Phenylchloroacetic acid (0°85 gram) was dissolved in 30 c.c. of 
methyl alcohol, a drop of phenolphthalein added, and then 18°8 c.c, 
of methyl-alcoholic sodium hydroxide (0538). After remaining at 
10° for twenty-four hours, the solution was boiled for thirty minutes. 
A little dilute hydrochloric acid was added until the pink colour was 
discharged, and then 3 c.c. of dilute hydrochloric acid to dissvlve 
the solid which had separated. The solution (55 c.c.) was levorotatory, 
giving ay —1°61° in a 4-dem. tube. An additional 2 c.c. of the 
standard alkali was then added, and the solution boiled for three- 
quarters of an hour. The colour was not discharged. Dilute hydro- 
chloric acid was added until the solution was neutral, the bulk of the 
methyl alcohol distilled off, and dilute acid added until the solid had 
dissolved. The acid, obtained by extraction with ether, weighed 0°74 
gram ; it was a mixture of r- and /-phenylmethoxyacetic acids, melted 
at 63—69°, and gave the following result on polarimetric examination 
in ethyl-alcoholic solution : 

l=4; c=2°674; ap -— 2°63°; [a], —24°6°. 

/-Phenylmethoxyacetic acid, prepared by the alkylation of /-mandvlic 
acid by silver oxide and methy] iodide, has [a], — 151°1° for ¢=2°7062 
in ethyl-alcoholic solution (McKenzie, Joc. cit.). 

The halogen was entirely eliminated, since the above product was 
free from chlorine. 

The displacement was next carried out by aid of a methyl-alcoholic 
solution of sodium methoxide. A solution of 1 gram of /-phenyl- 
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chloroacetic acid in 25 c.c. of methyl alcohol was added to a solution 
of 0°3 gram of sodium in 50 c.c. of methyl alcohol. The temperature 
of the solution was maintained for one hour at 15°, then for one hour 
at 35°, then for one hour at 40°, then for one hour at 50°, then for 
four hours at 60°, and, finally, at the boiling point of the solution 
for one hour. After sixty hours at the laboratory temperature, hydro- 
chloric acid was added, and the methyl alcohol distilled off. Water 
was added to dissolve the residue, and the solution extracted with 
ether. The resulting mixture (0°9 gram) melted at 56—58°, and 
again consisted of the 7- and /-methoxy-acids. A determination of 
its specific rotation in ethyl-alcoholic solution gave the result : 

l=4; c=35184; a, —5°46°; [a], — 388°. 
The acid mixture was free from chlorine. 

The action of different bases on optically active pheny|l-halogen-acetic 
acids is at present under investigation. 
BIRKBECK COLLEGE, 
Lonpon, E.C. 


LXXV.—The Spontaneous Crystallisation of Sodiwm 
Sulphate Solutions. 


By Harotp Hartiey, BErnarp Movar Jones and GEORGE 
ADRIAN HuTcuHINson. 


A RECENT paper by de Coppet on supersaturated solutions (Amn. 
Chim. Phys. 1907, [viii], 10, 457) contains an account of experi- 
ments which have extended over a period of thirty years on the 
spontaneous crystallisation of sodium sulphate. The general 
result of his work was to show that the average time which 
elapses before a supersaturated solution crystallises spontaneously 
depends mainly on the extent to which it has been cooled below 
the temperature at which it is saturated. He found, for example, 
that in the case of a solution saturated with respect to 
Na,SO,,7H,O at 17°4°, the average time required for crystallisa- 
tion to begin at 5°5° was 1°7 days, and at 9°5° 27°5 days. de 
Coppet was thus led to conclude that the tendency to crystallisation 
increases regularly with fall of temperature, and that there is no 
sudden change in the properties of a supersaturated solution as 
its temperature is lowered. This view is directly opposed to the 
results of Miers and Miss Isaac (Trans., 1906, 89, 413, and 
Proc, Roy. Soc. 1907, 79, A, 322) and of Hartley and Thomas 
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(Trans., 1906, 39, 1016), who found that a number of super. 
saturated solutions crystallise spontaneously at definite temperatures 
if they are shaken and subjected to mechanical friction. 

de Coppet worked with solutions containing 39°9, 40°7, and 43°6 
grams of anhydrous sodium sulphate in 100 grams of water, and 
his experiments were thus limited to a small part of the solubility 
curve; the present investigation was undertaken with the view of 
studying a wider range of concentration under various conditions 
in the hope that further work might explain the discrepancy 
between the two sets of observations. 

Four solid phases may separate out from a solution of sodium 
sulphate under different conditions, namely, crystals of ice, of 
Na,SO,,10H,O, of Na,SO,,7H,O, and of anhydrous Na,SO,; we 
have succeeded in tracing the supersolubility curve (that is, the 
curve giving the temperature of spontaneous crystallisation for 
supersaturated solutions of various strengths) for three of the 
four phases, but in the case of the stable hydrate Na,SO,,10H,0 
we could find no definite relation between the occurrence of 
crystallisation and the temperature and concentration of the 
solution. 

The method used was the same in all experiments. Weighed 
amounts of Na,SO,,10H,O (Merck) and distilled water were 
sealed up in small glass tubes (the weight of solution varied 
from 0°6 to 10 grams), and these were then warmed to a tempera- 
ture at which all the solid would dissolve and shaken until all 
traces of crystals has disappeared. The temperature of the tube 
was then slowly raised or lowered with constant shaking until 
crystallisation occurred. As the experiments of Miers and Miss 
Isaac have shown that mechanical friction has an important 
influence in starting crystallisation, either fragments of glass or 
platinum tetrahedra or garnets (the crystalline form of which is 
not related to that of any of the substancés that might crystallise) 
were sealed up in tubes, and it was found that the presence of 
these solids during shaking certainly made the results more 
definite, and usually diminished the amount of supersaturation 
required to start crystallisation. The thermometers used in these 
experiments were graduated in fifths or tenths of a degree, and 
were standardised by means of thermometers with Reichanstalt 
certificates. 

Crystallisation of Ice——In this series of experiments the tubes 
were kept in a beaker of xylene, which was cooled by a freezing 
mixture of ice and salt, separated from it by an air-jacket. In 
this way it was possible to lower the temperature gradually, and 
to keep it constant for as long as was necessary, the xylene being 
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er stirred by means of a small motor. It was found that the forma- 
res tion of ice depended to some extent on the violence of the shaking, 
and the results recorded were obtained by cooling the tube slowly 
3°6 in the bath, quickly removing them, and giving one violent shake. 
nd The time taken was so short that the temperature of the con- 
ity tents of the tubes could not have altered appreciably, 
of the results in successive experiments agreed to about 0°1°. 
ns and Miss Isaac found that in tubes containing garnets, water 
cy crystallised spontaneously at -0°4°. The highest temperature at 
which we observed the formation of ice crystals in pure water 
m was —0°5°. The temperatures at which ice crystallised on cooling 
of dilute solutions of sodium sulphate are given in table I and 
ve are plotted in Fig. 1. 
le 
Tas.e I, 
or 
1e Parts of anhydrous Temperature 
O Grams of Na,SO, in of crystallisa- 
Na,SO,,10H.0. Grams of water. 100 parts of water. tion of ice. 

of * os 0-0 —0°5° 
© 0°0911 4°0085 0°99 -0°9 

0°1017 1°6702 2°59 -1°3 

0°2402 2°3333 5°95 —2°3 
d 0°5182 1°9221 10°33 -3°5 
9 0°4657 1°4822 11°79 —3°8 

0°5489 1°4195 14°03 —4°5 
d 06988 1°2830 18°42 -5°0 

0°5979 0°8709 21°89 -5°7 

1°1338 1°5165 23°26 -5°7 


0°9285 1°0949 


The supersolubility curve for ice runs nearly parallel to the 
freezing-point curve, meeting the supersolubility curve for 
Na,SO,,7H;0 at about —6°, giving rise to a point similar to that 

- for which Miers and Miss Isaac have proposed the name “ hyper- 
tectic point ” in their work on mixtures of salol and betol. 

Crystallisation of Na,SO,,7H,O.—The heptahydrate is less stable 
than the decahydrate, and in accordance with Ostwald’s law of 
successive reactions it is nearly always produced in the spon- 
taneous crystallisation of solutions which yield a hydrated salt. 
The temperature of spontaneous crystallisation was very definite 
in this case, and it was not changed by violent shaking, as in the 
case of ice. Continued gentle shaking in a bath with the tempera- 
ture falling about one degree in twenty minutes produced a 
sudden shower of small crystals at a definite temperature, which 
never varied more than 0°2° in successive experiments. The 
results are given in table II, and the regularity with which 
crystallisation occurs is shown by the supersolubility curve for 
Na,SO,,7H,O in Fig. 1. 
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TaBeE II, 


Parts of auhydrous Temperature of 
Grams of Na,SO, in crystallisation of 
Na,$0,,10H,0O. Grams of water. 100 parts of water. Na,SO,,7H,O. 
0°9285 1°0949 25°39 -5:9° 
0°9486 1°0799 25°99 -53 
1°2844 1°2777 28°47 
0°9752 0°8794 30°23 
1°3844 1°1280 32°19 
4°2912 3 ‘2854 33°30 
1°2429 0°9112 34°15 
0°6512 0°4364 35°90 
0°3903 0°2560 36°31 
4°3972 2°6750 37°79 
0°9034 0°5414 38°10 
1°6511 0°8858 40°28 
1°1397 0°5286 43°13 
2°0192 0°8196 44°09 
2°7508 1°0815 46°33 
1°7423 0°6010 48°80 
1°5570 0°5150 49°60 
7°5320 2°2578 57°36 
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The supersolubility curve runs nearly parallel to the solubility 
curve, and cuts the ice curve at about —6°, a solution containing 
25°4 parts of anhydrous salt per 100 of water crystallising in one 
experiment as Na,SO,,7H,O at —5°9°, and in another as ice 
at —6°2°. 

Crystallisation of Anhydrous Sodiwm Sulphate-——Above 32°5°, 
the anhydrous salt is the most stable form of sodium sulphate, and, 
since its solubility decreases with rise of temperature, a saturated 
solution free from crystalline nuclei must be heated instead of 
cooled in order to produce spontaneous crystallisation. It was 
found that solutions of different concentrations crystallised at 
definite temperatures when warmed and constantly shaken; the 
experimental results are given in table III and plotted in 
Fig. 2, from which it will be seen that the supersolubility curve 
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of the anhydrous salt gradually approaches its solubility curve as 
the temperature rises. The occurrence of crystallisation is not so 
immediately obvious in this case, owing to the abnormally slow 
adjustment of equilibrium in the case of crystals the solubility of 
which has a negative temperature-coeflicient. This accounts for the 
fact that the supersolubility determinations do not lie on such a 
regular curve as in the two previous cases. 


Taste III, 
Parts of anhydrous Temperature of 
Grams of Na,SO, in crystallisation 
Na,$O,,10H,0. Grams of water. 100 parts of water. of Na,SO,. 

1'1397 0°5286 43°13 97°8° 
1°2273 0°5659 43°24 97°6 
2°0192 0°8916 44°09 94°0 
2°7221 1°1009 45°79 86°4 
2°7508 1:0815 46°38 817 
2°3059 0°8707 47°09 80°0 
1°7423 0°6010 48°80 69°8 
1°6311 0°5374 49°65 65°8 
2°8267 0°9046 50°18 64°3 
3°0410 0°9347 50°91 oe 


3*3048 0°9998 51°20 
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Some doubt was at first thrown on the significance of these deter- 
minations by the fact that some tubes which were not shaken continu- 
ously during heating crystallised at lower temperatures than those 
recorded, but this was found to be due to crystallisation taking 
place in the thin film of solution adhering to the glass. When the 
tube was not shaken, the glass was heated before the bulk of the 
solution, and the thin film adhering was thus caused to evaporate 
and its concentration was raised. This led to the crystallisation of 
an unstable variety of the salt (whether anhydrous or not could not 
be determined). The crystals were apparently orthorhombic 
needles, which, in contact with the solution, were observed to change 
into rhombic octahedra of the stable form, which acted as nuclei for 
further growth. This never took place in the tubes which were 
shaken, and this fact seems to emphasise the necessity of keeping 
the conditions of the solution uniform by constant agitation. 

Solutions which contained no solid tended to pass over into the 
labile condition without crystallising, and did not give such regular 
results as those which were shaken with fragments of glass, garnet, 
or platinum. In the case of one tube, at concentration 50°95 con- 
taining: no solid matter, crystallisation was observed to take place 
at 62°5° in one case and at 77°5° in another, whereas a similar 
solution containing platinum tetrahedra crystallised at 60°7°. 

Crystallisation of Na ,SOQ,,10H,0.—When solutions containing 
50 parts of Na,SO, per 100 of water are cooled, the form of the 
solubility curves for the two hydrates Na,SOQ,,7H,O and 

Na,SO,,10H,0 

indicates that either might crystallise. de Coppet very 
rarely observed the spontaneous formation of the decahydrate, and 
in our experiments it seldom occurred unless a solution was rapidly 
cooled below -—10°; in about 90 per cent. of the crystallisations, 
Na,SO,,7H,O was produced. The crystallisation of the deca- 
hydrate showed no regular connexion with the temperature and 
concentration of the solution. Whereas with ice, Na,SO,,7H,O, or 
Na,SO, we could predict successfully when crystallisation would 
take place, the crystallisations of Na,SO,,10H,O seemed to be sub- 
ject to no laws. For instance, a tube containing 35-9 parts of Na,SO, 
per 100 parts of water crystallised sixteen times between 3° and — 6° 
as the heptahydrate and once as the decahydrate, and on leaving 
it for some days at the room temperature it again crystallised as 
the decahydrate. 

The existence of a definite supersolubility curve for the unstable 
hydrate and the lack of any definite relation in the case of the 
stable hydrate indicates that the dissolved salt in a strong solution 
is more closely related to the heptahydrate than to the deca- 
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hydrate. It seems as if there are hydrated molecules in solution 
ready to build up nuclei of the heptahydrate, but not of the deca- 
hydrate, and the study of similar cases may throw some further 
light on the state of the dissolved salt in strong solutions. It is a 
striking fact that one hydrate should stand in such direct relation 
to the supersaturated solution while the other should not. 


Discussion of Results. 


The preceding results are based on about 800 experiments, in 
about half of which spontaneous crystallisation took place, so that 
the number of observations should be sufficient to avoid the possi- 
bility of any accidental coincidence. Except for experiments with 
Na,.SO,,10H,O, the results obtained lie on fairly regular curves, and 
they define completely the metastable and labile conditions in the 
system sodium sulphate-water under atmospheric pressure. Thus 
inspection of the solubility and supersolubility curves for the solu- 
tion containing 43°13 parts per 100 parts of water shows that it is 
unsaturated at any temperature between 30°6° and 81°8°, if heated 
to 97°8° and shaken, it deposits crystals of the anhydrous salt, if 
cooled to 8°9° it produces the heptahydrate. 

Our experiments afford additional evidence that supersaturated 
solutions show an abrupt change as regards their liability to crys- 
tallise when their temperature is varied, and they are inconsistent 
with de Coppet’s conclusion that “le passage de l'état labile a 
l'état métastable se fait par degrés insensible et non pas brusque- 
ment” (loc. cit., p. 592). The difference between the two results 
may be partly explained by the different way in which the experi- 
ments were carried out. de Coppet investigated only a small 
range of concentration, and his tubes were, for the most part, 
unshaken and did not contain any solid to produce friction. His 
experiments were made with the object of discovering how far time 
plays a part in the occurrence of crystallisation in a supersaturated 
solution at different temperatures, and his results are always ex- 
pressed in days, the mean time taken by his solutions to crystallise 
being rarely less than one day. The experiments recorded here 
(and also those of Miers and Miss Isaac and of Hartley and 
Thomas) were made with the object of discovering the conditions 
under which a solution will invariably crystallise in the course of 
a few minutes. The two sets of observations do not really differ 
as much as might be expected, and it is not impossible to reconcile 
both with the theory of the metastable state. 

With a solution containing 43°6 grams of Na,SO, in 100 grams 
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of water, de Coppet found that spontaneous crystallisation took 
place only twice in twenty tubes in thirty years at a temperature 
of 13°4°; below this temperature, crystallisation takes place at more 
frequent intervals. The curve on p. 828 shows that in our experi- 
ments crystallisation always took place at 9°5°, the solution being 
saturated with Na,SO,,7H,O at 193°. Again, with tubes con- 
taining 37°7 grams of salt per 100 of water, de Coppet once in 
thirty years observed a crystallisation at 12°1°; in our experiments, 
crystallisation always took place at about 6°5°. 

It looks as if too rigid an interpretation had been put on the 
significance of the supersolubility curve, and that with long periods 
of time, over which the observations of de Coppet extended, crys- 
tallisation may take place within the metastable region, and in the 
theory put forward by Hartley and Thomas (loc. cit.) to account 
for the existence of a metastable region a possibility was omitted 
which may account satisfactorily for both sets of results. The 
existence of metastable region was supposed to be due to the 
increased solubility of the small crystals which are the first pro- 
ducts of spontaneous crystallisation. The supersolubility curve was 
supposed to represent the solubility of these first products of 
crystallisation. But, as the solute molecules must possess varying 
amounts of kinetic energy, molecules which are in a condition to 
unite to form a crystal structure must often meet while a solution 
is still in a metastable state. It was previously assumed that under 
these conditions such a nucleus, being in an unsaturated solution, 
would dissolve again. But a molecular encounter might occa- 
sionally take place, which would suddenly produce a small crystal 
of such a size that its solubility would be less than the strength of 
the solution in which it was situated, and in this case crystallisation 
would occur in the metastable region. The more nearly the con- 
ditions approximated to those represented by the supersolubility 
curve the more frequently this would happen (as de Coppet’s experi- 
ments actually show). But this possibility does not diminish the 
significance of the distinction between metastable and labile states, 
as the evidence tends to show that these chance crystallisations 
occur very rarely before the metastable limit is reached, at which point 
crystallisation always takes place under suitable physical conditions. 

de Coppet disregards the increased solubility of small crystals, 
and tries to explain the postponement of spontaneous crystallisa- 
tion in a supersaturated solution as due solely to the time which 
elapses before the occurrence of the particular molecular encounter 
which can give rise to a crystalline nucleus. If this were the.only 
circumstance affecting crystallisation, then any supersaturated solu- 
tion ought to crystallise if kept long enough, but de Coppet himself 
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found that a considerable degree of supersaturation could be main- 
tained for thirty years without crystallisation taking place. 


Summary. 


1. It has been shown that supersaturated solutions of sodium 
sulphate freed from crystalline nuclei crystallise at definite tem- 
peratures when subjected to mechanical friction. 

2. Supersolubility curves have been traced showing the conditions 
under which ice, Na,SO,,7H,O, and Na,SO, are formed spon- 
taneously from sodium sulphate solutions. 

3. The spontaneous crystallisation of Na.SO,,10H,O is of rare 
occurrence as compared with that of Na,SO,,7H,O, and it is found 
to bear no definite relation to the temperature and concentration 


of the solution. 


PuystcAL CHEMISTRY LABORATORY, GOVERNMENT COLLEGE, 
BALiion CoLLEGE AND TRINITY COLLEGE, LAHORE, 
OXFORD. INDIA, 


LXXVI.—The Ewmistence in Aqueous Solutions of a 
Univalent Cadmium Ion, a Subvalent Thallium 
Ion, and a Bivalent Bismuth Ton. 


By Henry Georct Dennam, M.A., M.Se., 1851 Exhibition Scholar, 
University of New Zealand. 


In a recent paper by Denham and Allmand (this vol., p. 424), certain 
anomalous results were obtained in attempting to measure the hydro- 
lysis of lead salts by the use of the hydrogen electrode, and these could 
be satisfactorily explained only by the assumption that the bivalent 
lead ion is reduced to the univalent state in the surface film of the 
electrode. This conclusion was further tested by carrying out a 
“ circulation” experiment, wherein a hot solution of lead acetate has 
been circulated over granulated lead for some days in order to obtain 
a cumulative effect ; for a description of the apparatus, the original 
paper must be consulted. After a few days, definite metallic crystals 
were observed, separating out at the bottom of the column of lead. 
An analysis of these has since been carried out, and the percentage of 
lead was found to be 99°8. The low value is undoubtedly due to super- 
ficial oxidation of the crystals after their removal from the apparatus. 
It may be mentioned that the percentage of lead in the lowest oxide of 


lead (Pb,O) is 96°3. 
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The separation of these crystals might conceivably be due to the 
formation in the hot limb of a complex anion, with a reversal of the 
reaction in the cold, but this view cannot be reconciled with the 
results obtained with the hydrogen-electrode, wherein it was proved 
that a reduction takes place with the consequent production of acid, 
The fact that both series of experiments were carried out in the 
absence of oxygen, excludes the possibility of such an ion as Pb'Y 
causing the phenomenon. Thus, the only explanation which appears to 
satisfy the results of both sets of experiments is that, under certain 
conditions, the bivalent lead ion may be reduced to a univalent 
state. 

Precisely similar remarks apply to the metals, cadmium and thallium, 
the experiments with which will shortly be described, but in the case 
of bismuth the hydrogen-electrode was not used to test the reduction, 
However, the absence of air in the “circulation” experiment at least 
excludes the view that such an ion as Bi’ causes the separation of 
crystals, 

A ready method for demonstrating the separation of lead crystals 
from solutions of lead salts lies in the use of reduced lead. If a hot 
solution of lead chloride be poured on a quantity of this finely-divided 
powder and allowed to cool, many bright crystalline faces of metallic 
lead may be seen scattered over the surface of the heavy powder. The 
effect is even better when a few pieces of granulated lead project above 
the bulk of the reduced metal. Crystal spikes grow from the corners 
of the massive meta], and, in conjunction with the experiments described 
previously, demonstrate the equilibria : 

PbCl, + Pb = 2PbCl 

Pb** + Pb = 2Pb’. 
This experiment is extremely suitable as a lecture experiment to show 
the presence of a univalent lead ion. 

If a hot solution of lead nitrate is used, exactly similar crystals 
appear, but it is advisable not to heat the solution too strongly or the 
presence of insoluble salts may mask the effect. 


Univalent Cadmium Ton. 


Nothivg is known of any solid sub-salt of cadmium with the excep- 
tion of the suboxide, the existence of which was first established by 
Tanatar and Levin (J. Russ. Phys. Chem. Soc., 1902, 34, 495) and 
recently confirmed by Brislee (Trans., 1908, 93, 154). 

The formation of a univalent ion of cadmium has been tested by 
carrying out a “circulation” experiment of the type described. 

In this experiment, as well as in all succeeding ones, the column of 
metal in the hot limb was always broken into short sections in order 
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to prevent any possible thermo-currents that might cause the 
deposition of metal. The metal was granulated, whilst the acid 
solution used was 4-molar-normal with respect to cadmium sulphate. 

After forty hours, the lowest section of the column was found to be 
thickly coated on the glass with a large number of beautiful fern-like 
crystals. On introducing a piece of cadmium into the top of the cold 
condenser, crystals soon began to grow from its corners. The same 
peculiar case of supersaturation therefore occurs as was noticed in the 
case of lead. The reduction of the bivalent to the univalent ion takes 
place in the hot limb with absorption of heat, and one would expect the 
action to reverse spontaneously in the cold limb with the deposition of 
metallic cadmium. But this only occurs in contact with the metal, 
and at the ordinary temperature a soiation may contain far more 
univalent ion than corresponds with an equilibrium condition unless 
crystallisation is induced by the introduction of a nucleus. Bose 
(Zeitsch. Elektrochem., 1908, 14, 85) has recently commented on a 
similar phenomenon in the Au’** — Au’ equilibrium. 

The crystalline cadmium was easily removed from the granulated 
metal which it enclosed, and, after washing and drying, was found to 
weigh 4:5 grams. This represents the yield from a five days’ 
experiment. It is evident that if the experiment is begun 
with sufficiently pure materials the resulting crystalline metal 
must be of very great purity, for the two main factors in securing 
a good yield are a large metallic surface and a high ionic concentration. 
Thus it is extremely unlikely that any impurity would be present both 
in the ionic and metallic states in sufficient quantity to display any 
tendency to form an ion of lower electrovalency. The method there- 
fore appears applicable for securing very pure specimens of certain 
metals for atomic weight determinations. 

An analysis of some of the deposited crystals gave the following 
result : 0°6303 gram of the metal was converted into the sulphate, 
and weighed as such. The cadmium contained in this salt amounted 
to 0°6306 gram 


Subvalent Thallium Ion 


The apparatus contained granulated thallium, and a tenth-normal 
solution of thallous sulphate. After two days, small, but definite, 
crystals began to grow on the surface of the metal in the bottom 
section, and these crystals increased steadily in size. As in the 
previous cases of lead and cadmium, this result is best explained by 


assuming the reaction : 
Tl’ +Tl —> TI,’. 


T1,SO, + 2Tl —> T1,S0,. 
Previously nothing has been known of any ion of thallium lower 
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than the univalent, but this experiment shows that in all probability 
a subvalent ion (Tl,") exists in solution, and it is probable that in this 
we must look for an explanation of the action of light on the haloid 
salts of thallium. It has long been known that these salts darken 
under the action of light (compare Kuhlmann, Bull. Soc. chim., 1864, 
[ii], 1, 330 ; Buchner, Sitzungsber. K. Akad. Wien, 1865, [ii], 52, 644, 
and Hebberling, Annalen, 1865, 134, 11). Now Luther (Zeitsch, 
physikal. Chem., 1899, 30, 628) has brought forward strong evidence 
that the colour change of silver halides under the action of light is due 
to the formation of coloured sub-salts, and Bose has continued the work 
by demonstrating the existence of a subvalent silver ion in aqueous 
solution. 

The existence of such a salt as T1,SO, in solution renders it probable 
that the action of light produces a similar effect on the thallous 
halides as it does on silver halides; the darkening on exposure to 
light would, on this assumption, be due to the formation of coloured 
sub-halides of thallium (T],Cl, &.). 


Bivalent Bismuth Ton. 


Numerous workers, among whom may be mentioned Schneider 
(Pogg. Ann., 1855, 96, 130), Weber (ibid., 1859, 107, 596), Heinz 


(ibid., 1844, 63, 55), and Berthelot (J. Pharm., 1828, 14, 616) claim 
to have prepared compounds of bivalent bismuth, but in no case has 
the resulting product been proved to be the pure substance. Some 
years ago Tanatar (Zeitsch. anorg. Chem., 1901, 27, 437) brought 
forward strong evidence in favour of the existence of bismuth sub- 
oxide, whilst Brislee (loc. cit.) has recently confirmed his conclusions. 

In order to investigate the possibility of an ion of lower valency 
than Bi**’, a “circulation” experiment has been carried out. The 
metal was, as usual, granulated, and the solution was a saturated 
solution of bismuth oxychloride in hydrochloric acid. After four 
days, tiny crystals were noticed a short distance from the bottom of 
the column of metal. Moreover, a piece of metal which projected at 
least an inch above the top of the steam jacket also showed distinct 
signs of adhering crystals. The temperature of the solution in the 
neighbourhood of these crystals was found to be 94°, that is, a drop 
of six degrees was sufficient to cause a marked reversal of the ionic 
reaction. But as this fall in temperature might give rise to a weak 
thermo-current with the consequent deposition of metal, the projecting 
piece of metal was removed, glass beads introduced, and on these a 
piece of bismuth placed. In twelve hours, this piece had assumed a 
bright crystalline appearance, due to the large number of small 
adhering crystals. 
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It is of interest that the crystals do not first appear quite at the 
bottom of the column, where crystallisation from the cold saturated 
solution might be expected. In the lead experiments, it was noticed, 
but not recorded, that a nucleus of metal does not induce crystallisa- 
tion when the temperature is below 50°; here, as well as in the above 
case of bismuth, the phenomenon is probably due to the velocity of 
crystallisation being extremely small below that temperature. 

The deposition of crystals in the above experiment is in all proba- 
bility due to the reduction of the tervalent ion to one of lower electro- 
valency, and, in conformity with what is known concerning the 
sub-salts of bismuth, BiCl, and BiO, we must regard that ion as the 
bivalent one. 


Sub-salts of Nickel, Antimony, and Arsenic. 


Although a suboxide of nickel has been described, no signs of 
crystallisation were obtained in a “circulation” experiment with 
nickel and nickel sulphate solution. As it must be less difficult to 
obtain an aqueous solution of a sub-salt than to prepare the solid 
substance, this result seems to throw doubt on the existence of the 
suboxide, 

In the case of arsenic and antimony, no sign of crystal growth had 
occurred when the metal was heated for ten days in contact with an 
acid solution of the chloride, although this is probably due to the low 
concentration of the metallic ion. 


Summary. 


1. Evidence has been brought forward for the existence of lead 
sub-chloride and sub-nitrate in aqueous solution. 

2. The existence of cadmium sub-sulphate and of a univalent 
cadmium ion in aqueous solution has been rendered tolerably certain. 

3. The presence of a subvalent ion of thallium has been similarly 
investigated, and it is probable that the darkening of thallous haloids 
in light is due to the formation of sub-haloids. 

4, The tervalent bismuth ion has been reduced to the bivalent state 
in aqueous solution. 

5. A negative result bas been obtained for nickel, arsenic, and 
antimony, 


In conclusion, I wish to thank Professor F. G. Donnan for the 
facilities and advice which he has placed at my disposal during the 
course of these experiments, 


MusPRATT LABORATORY OF PHYSICAL AND ELECTRO-CHEMISTRY, 
UNIVERSITY OF LIVERPOOL. 
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LXXVII.—The Condensation of Epichlorohydrin with 
Phenols. 


By Davip Runctman Boyp and Ernest Rospert MARte. 


Our attention has recently been drawn to a paper on the above sub- 
ject by Cohn and Plohn (Ber., 1907, 40, 2597), in which paper the 
authors describe some experiments-on the action of epichlorohydrin on 
alkaline solutions of phenols, and maintain that, as the result of their 
experiments, certain data in the literature require correction. 

The data which it is proposed to alter are those established by 
Lindemann (Ber., 1891, 24, 2145). This investigator found (1) that 
by the action of epichlorohydrin on a cold solution of phenol in aqueous 
sodium hydroxide an oil is obtained (b. p. 234°), to which he assigned 


CH, : 
the formula (,H,-0-CH,-CH< I, and (2) that if epichlorohydrin 


is boiled for a short time with an alcoholic solution of phenol and 
sodium ethoxide a crystalline substance is formed (m. p. 80—81°), to 
which he assigned the formula C,H,*O-CH,CH(OH)-CH,°0-C,H,. 

Lindemann further states that the phenyl glycide ether is converted 
into the glyceryl diphenyl ether by boiling with an alcoholic solution 
of phenol and sodium ethoxide. 

It is now maintained by Cohn and Plohn that the oil and the 
crystalline compound obtained by Lindemann are really identical ; the 
oil, according to their statement, changing into the crystals if allowed 
to stand for some time. Moreover, Cohn and Plohn have analysed the 
crystalline compound, and obtained figures which lead them to assign 


CH 
to it the formula C,H,"0-CH,CH< 4 5 
These conclusions of Cohn and Plohn we cannot accept. 
OH. 
The formula C,H,°0-CH,-CH< ® for the crystalline compound 


is quite inconsistent with the results obtained by one of us (Boyd, 
Trans., 1901, 79, 1221) in a study of the action of the chlorides of 
phosphorus on this substance. It was then shown that this compound 
is converted by means of phosphorus trichloride into a phosphorous 
acid derivative, the analysis and reactions of which pointed clearly to 
the formula C,H,-O°CH,-CH(OPH,O,)-CH,°O°C,H,, whilst phos- 
phorus pentachloride transforms it into a substance for which analysis 
indicates the formula C,H,*O*CH,*CHCl-CH,°0-C,H,. 

These results confirm Lindemann’s conception of the crystalline 
compound as a glyceryl diphenyl] ether, 

C,H,-O-CH,-CH(OH)-CH,°0-C,H,. 
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In view, however, of the statements of Cohn and Plohn, we have 
thought it desirable again to prepare and analyse a specimen of the 
crystalline substance. Our results are in complete agreement with the 
formula assigned by Lindemann. 

With regard to the constitution of the oil, the data in the literature 
are not so complete. In addition therefore to analysing this sub- 
stance, we have studied its transformation into glyceryl diphenyl ether 
by the action of phenol in presence of alkali, and have also investigated 
its behaviour towards phosphorus pentachloride. Assuming Linde- 


mann’s formula C,H,*O°CH,°CH er to be correct, one would expect 


to obtain a substance of the formula C,H,-O°CH,*CHCI°CH,Cl as the 
principal product of the action of phosphorus pentachloride. This 
expectation was fully realised, the yield of phenoxydichloropropane 
amounting to 63 per cent. of that theoretically possible. 

If the oil is allowed to stand in contact with a solution of phenol in 
aqueous potassium hydroxide, it reacts slowly even in the cold to form 
glyceryl diphenyl ether, and this change is brought about rapidly on 
heating an alcoholic solution of it with phenol and sodium ethoxide. 
From 2°18 grams of the oil, we obtained in this way 3°03 grams of the 
crystals, or about 85 per cent. of the theoretical yield. These results, 


: CH 
we consider, definitely establish the formula C,H,*O-CH,-CH< O 


for the oil. 

We are at a loss to account for the statement of Cohn and Plohn 
that the oil changes into the crystalline compound on standing, except 
on the supposition that these investigators have never obtained the 
oil in a pure state. A specimen of pure phenyl glycide ether has been 
kept in this laboratory for a period of more than six months without 
undergoing any change. 

It appears probable that the origin of the errors into which Cohn and 
Plohn have been led is to be found in the circumstance that in the 
preparation of phenyl glycide ether by the action of epichlorohydrin 
on a solution of phenol in aqueous sodium hydroxide it is scarcely 
possible to avoid the formation of a considerable amount of the 
crystalline glyceryl diphenyl ether at the same time 

In the case of the action of epichlorohydrin on p cresol, precisely 
similar relations hold good. The crystalline compound (m, p. 88°), 
which is stated by Cohn and Plohn to have the formula 


CH 
CH, O-CH, CHC’, 


is really, as stated by Lindemann, the glyceryl di-p-tolyl ether, 
U,H,*O*CH,*CH(OH)-CH,°O°C,H, (compare Boyd, Joc. cit, and 
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Trans., 1903, 88, 1140), whilst the p-tolyl glycide ether is an oil 
boiling at 136° under 17 mm. pressure. 


ExPERIMENTAL. | 
Glyceryl Diphenyl Ether, C,H,*O-CH,*CH(OH)-CH,°G:C,H,. 


Twelve grams of sodium (rather more than 0°5 gram-atom) were 
dissolved in 250 c.c. of aleobol. Ninety-four grams of phenol (1 gram- 
mol.) were added, and then 45 grams of epichlorohydrin (rather less 
than 0°5 gram-mol.). The mixture was heated in a water-bath under 
reflux for four hours, and then poured into water. A white, 
crystalline solid separated. After recrystallisation from alcohol, it 
melted at 81—82°. The yield was 90 grams. 

It is to be noted that the maximum yield of phenyl glycide ether 
which is theoretically possible from 45 grams of epichlorohydrin is less 
than 75 grams: 

0°2085 gave 0°5659 CO, and 0:1277 H,O. C=74:02; H=6°86. 

0°2028 , 05494C0, ,, 01180 H,O. C=73°86; H=6°52. 

C,,H,,0, requires C= 73°72 ; H = 6°62 per cent. 


Phenyl Glycide Ether, ,H,-0-OH, CHC)? ‘ 


Ninety-two and a-half grams of epichlorohydrin (1 mol.) were 
added to a cold solution of 94 grams of phenol (1 mol.) and 50 grams 
of sodium hydroxide (1} mols.) in 600 c.c. of water. 

After twenty-four hours, the oil which had separated was extracted 
with ether. The ethereal solution was dried over potassium carbonate, 
the ether evaporated, and the residue, a slightly yellow oil, was 
fractionated under reduced pressure, In this way, 45 grams of an oil 
boiling at about 128°/15°5 mm. were obtained. 

The oil thus prepared was found to contain a trace of chlorine, due 
possibly to the presence of a small quantity of glyceryl monochlorobydrin 
phenyl ether, C,H,-O-CH,-CH(OH)-CH,Cl. Considerable difficulty 
was experienced in removing the last traces of chlorine, but this was 
finally accomplished by heating for three-quarters of an hour over 
powdered sodium hydroxide in a water-bath and _ subsequently 
extracting with ether and fractionating in a vacuum. 

The pure oil boiled at 133°/23 mm. It distils practically without 
decomposition at 243—244° (corr.) under atmospheric pressure : 

0°2787 gave 0°7354 CO, and 0°1618 H,O. C=71:96; H=6°50. 

02222 ,, 05859 CO, ,, 0:1332 H,O. C=71'91; H=6-72. 

C,H, ,0, requires C= 71°95; H=6°73 per cent. 
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The residue left in the distilling flask after the phenyl glycide ether 
had passed over was dissolved in hot alcohol, and from this solution 


about 7°5 grams of crystalline glyceryl diphenyl ether separated on 
cooling. 


Action of Phenyl Glycide Ether on a Cold Solution of Phenol in Aqueous 
Potassium Hydroxide. 


Four grams of phenol were dissolved in 10 c.c. of a solution of 
potassium hydroxide containing about 2°5 grams, and 2°28 grams of 
phenyl glycide ether were added to the cold solution. The mixture 
was allowed to stand for six days with occasional shaking. The oil 
had then changed almost completely into a mass of crystals ; steam was 
now passed through to remove any unchanged phenyl glycide ether, 
and the solid product obtained on cooling was crystallised from alcohol. 
The crystals obtained weighed 3:04 grams and melted at &1—82°. 
The yield is thus 82 per cent. of that required by theory. 


Action of Phenyl Glycide Ether on a Hot Alcoholic Solution of Phenol 
and Sodium LEthowide. 


Six grams of phenol and 0°2 gram of sodium were dissolved in 25 c.c. 
of alcohol, 2°18 grams of phenyl glycide ether were added, and the 
mixture was heated on a water-bath under reflux for fifteen hours. 
The bulk of the alcohol was then distilled off, and water and 
potassium hydroxide were added. The solid substance which 
separated was collected, washed, and drained. It was then dissolved in 
ether, and the ethereal solution was shaken several times with 
potassium hydroxide to ensure complete removal of the excess of 
phenol. After evaporation of the ether, the product was crystallised 
from aleohol. The melting point of the crystals was 80°, and the 
yield was 3:03 grams or 855 per cent. of the theoretical. 


Action of Phosphorus Pentachloride on Phenyl Glycide Lther. 
Preparation of Phenoxydichloropropane, C,H,-O°CH,*CHCI-CH,Cl. 


Twenty grams of pheny] glycide ether were dissolved in 50 grams of 
chloroform, and the solution added by means of a tap-funnel to 40 
grams of phosphorus pentachloride contained in a flask provided with 
a reflux condenser and cooled in a water-bath. The action is energetic 
at first. After all the solution had been added, the flask was warmed 
in the water-bath for some time. The mixture was then cooled, and 
treated with water and potassium hydroxide until alkaline ; the chloro- 
form was distilled off, and the residue extracted with ether. The 
ethereal solution was dried over potassium carbonate, and the slightly 
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yellow oil obtained on evaporation of the ether was fractionated in 
a vacuum. Seventeen grams of a colourless, highly refractive oil 
boiling at 139—140°/13 mm. were obtained. The yield was thus 
63 per cent. of that theoretically possible : 
0°3731 gave 0°7260 CO, and 0:1728 H,O. C=5307; H=5-18. 
02335 ,, 04511 CO, ,, 0:1048H,O. C=52:69; H=5-02. 
0:2363 ,, 0°3261 AgCl. Cl=34:12, 
02716 ,, O-380l AgCl. Cl=34-60. 
C,H,,OCl, requires C= 52°70; H=4°91 ; Cl=34°58 per cent. 
CHEMICAL DEPARTMENT, 


HARTLEY UNIVERSITY COLLEGE, 
SouTHAMPTON. 


LXXVIII.—Constitution of Hydroxyazo-compounds. 
Action of Diazomethane and of Mercuric Acetate. 


By Crarence Smita [and, in part, ALzo Duncan MrtcHeE 1}. 


THE protracted discussion of the constitution of hydroxyazo-compounds, 


which has been nearly quiescent since 1902, has within the last two 
years been renewed vigorously, mainly in consequence of a paper by 
Goldschmidt and Liw-Beer (Ber., 1905, 38, 1098). In the year 
mentioned, the results of the researches of- numerous investigators, 
extending over a period of nearly twenty years, had led to the view, 
more or less generally accepted, that p-hydroxyazo-compounds and the 
ethers of both series possessed the azo-structure HO-R:N:N:R’, 
whilst o-hydroxyazo-compounds and their acyl derivatives were 
quinonehydrazones, O:R:N-NHR’. This view has been supported by 
the spectrometric observations of Tuck (Trans., 1907, 91, 449). 
Recent researches have shown, however, that all o-hydroxyazo-com- 
pounds and their derivatives possess the structure implied in their 
name, and, in the light of these researches, the authors venture to 
think that Tuck’s observations point to the same conclusion, the shape 
of the absorption curve of, for example, benzoylbenzeneazo-p-cresol 
bearing a much closer resemblance to that of benzeneazophenol than 
to that of benzoquinonebenzoylphenylhydrazone, 

Goldschmidt and Liw-Beer (/oc. cit.) re-examined the behaviour of 
o-hydroxyazo-compounds with phenylcarbimide, and found that these 
substances in the solid state at the ordinary temperature react exactly 
as do the para-compounds in hot benzene (Goldschmidt and Rosell, 
Ber., 1890, 23, 489). Goldschmidt has consequently modified his 
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former views, and attributes the azo-structure, not only to o-hydroxy- 
azo-compounds, but also to their acyl derivatives, since the formation 
of acetanilide as one of the products of the reductive fission of acetyl- 
benzeneazo-p-cresol (Goldschmidt and Brubacher, Ber., 1891, 24, 
2300) can, without the assumption of the quinonehydrazone formula, 
be explained by the researches of Auwers and his collaborators on the 
mobility of acyl groups in the esters of o-hydroxybenzylidenepheny]l- 
hydrazones (Ber., 1904, 37, 3903, 3905, 3915, 3929, 3937). 

In the same communication, Goldschmidt and Léw-Beer assert 
that McPherson’s B-naphthaquinonebenzoylphenylhydrazone (Amer. 
Chem. J., 1899, 22, 364) must be an O-ester, in spite of its method of 
formation, since it behaves on reduction like the acyl derivatives of 
the para-series, yielding a hydrazo-compound insoluble in alkalis. The 
same conclusion has been reached by Auwers (Ber., 1907, 40, 2154 ; 
1908, 41, 403, 415), whose experiments show that N-acylated deriv- 
atives of o-hydroxyazo-compounds are too labile to exist as such, and 
consequently change into the isomeric O-esters. The labile character 
of the N-acyl derivatives of p-hydroxyazo-compounds has been 
proved by Willstiitter and Veraguth (Ber., 1907, 40, 1432), who have 
converted McPherson’s benzoquinoneacylphenylhydrazones (Ber., 1895, 
28, 2414) into the O-esters obtained by direct acylation of the 
hydroxyazo-compound, Willstitter and Auwers both point out that, 
since the heavy acyl group wanders with such facility from the 
nitrogen to the oxygen atom, much more so will the light hydrogen 
atom of the parent hydroxyazo-compound, and therefore the latter, 
even when obtained from a quinone and phenylhydrazine, has the azo- 
structure. 

It is evident from the preceding discussion that any attempt to 
ascertain the structure of hydroxyazo-compounds by chemical means 
necessitates the use of reagents unlikely to induce tautomeric change. 
For this reason, diazomethane and, at the suggestion of Dr. Hewitt, 
mercuric acetate have been selected. 

Diazomethane in cold ethereal or benzene solution reacts 
readily with p-hydroxyazo-compounds, forming the methyl ethers 
obtained by the ordinary methods of alkylation. There is no doubt 
therefore that p-hydroxyazo-compounds contain a hydroxyl group and 
have the azo-structure. 

Diazomethane does not react with o-hydroxyazo-compounds, a result 
which seems to prove the absence of a hydroxyl group in these sub- 
stances. The proof is, however, inconclusive, for were the formule 
of the o-hydroxyazo-compounds of the quinonehydrazone type, one would 
expect to obtain the V-methyl ether, and, moreover, diazomethane 
is not an infallible reagent for the detection of the hydroxyl group, 
It does not react with methyl or ethyl alcohol, and von Pechmann 
VOL, XCIII. 3K 
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points out that it has only a slight tendency to react with weakiy 
acidic substances (Ber., 1895, 28, 1624). The o-hydroxyazo-com- 
pounds are undoubtedly much weaker acids than the para-compounds,* 
and the effect of this property added to that of the screening in- 
fluence of the large azo-complex in the ortho-position with respect to 
the hydroxyl group may very well be the cause of the non-reactivity 
of diazomethane with o-hydroxyazo-compounds. 

That the reactivity of o-hydroxyazo-compounds is affected by steric 
influences is proved by their behaviour on alkylation. Whereas 
ethers result by the simple addition of methyl sulphate to the alkaline 
solution of a p-hydroxyazo-compound, members of the ortho-series 
require heating before alkylation occurs. These results had been 
established by one of the authors, who was forestalled in the publica- 
tion by Colombano (Atti R. Accad. Lincei, 1907, [v], 16, ii, 457). 
Ethers of o-hydroxyazo-compounds are obtained readily from the silver 
salt and an alkyl iodide, a result which is analogous to that observed 
by V. Meyer in the esterification of 0-o-disubstituted benzoic acids. 

The introduction of mercury into aromatic nuclei has been 
accomplished by several investigators, particularly by Dimroth (Ber., 
1898, 31, 2154; 1899, 32, 758; 1902, 35, 2032), who has shown 
that amines and phenols react readily with mercuric acetate, one or 
more mercuriacetate groups entering the ortho- and para-positions 
with respect to the amino- or hydroxyl-group, but never in the meta- 
position. These results seem to offer a satisfactory method for the 
determination of the constitution of hydroxyazo-compounds. Accord- 
ing as their structure is represented by : 
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the mercuriacetate complex will enter the phenolic or the aminic 
nucleus. In the former case, two groups at most can be introduced, 
whilst in the quinonehydrazone the possibility exists for the entry of 
three complexes. The behaviour of benzeneazophenol, 2: 4 : 6-tri- 
bromobenzeneazophenol, benzeneazo-o-nitrophenol, benzeneazo-0-0- 
dibromophenol, benzeneazo-p-cresol, and benzeneazo-m-bromo-p-cresol 
respectively with mercuric acetate in hot aqueous-alcoholic solution 
has been examined, with the result that in both the para- and the 
ortho-series the number of mercuriacetate groups entering the 


* This will form the subject of a future communication. 
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molecule of the hydroxyazo-compound is equal to the number of 
unsubstituted positions ortho to the oxygen atom. It appears 


"strange, at first sight, that mercuric acetate does not attack substances 


such as benzeneazo-o-o-dibromophenol and benzeneazo-m-bromo-p- 
cresol ; one would expect the salt to attack the unsubstituted phenyl 
radicle, :N°C,H,. In reality, this non-reactivity furnishes a strong 
argument in favour of the azo-structure of hydroxyazo-compounds, for 
azobenzene, in which occurs the same group, :N°C,H,, is quite un- 
affected by mercuric acetate, whereas substances, such as acetanilide 
and diphenylamine, containing the group *NH°C,H,, which would 
be present in hydroxyazo-compounds were they quinonehydrazones, 
react very readily. Unfortunately, mercuric acetate acts simply as 
an oxidising agent on benzylidenephenylbydrazone, the structure of 
which somewhat resembles that of a quinonehydrazone. 

The identical behaviour of o- and p-hydroxyazo-compounds with 
mercuric acetate must be conditioned by similarity in structure, and 
the compounds of the ortho-series must therefore be of the azo-type, 
since all evidence, chemical or physical, proves that the para- 
compounds are not quinonehydrazones. 


EXPERIMENTAL. 
Diazomethane and Benzeneazophenol. 


Half a gram of. well-dried benzeneazophenol was added to the 
benzene solution of diazomethane obtained from 5 c.c. of nitroso- 
methylurethane, The hydroxyazo-compound dissolved with vigorous 
effervescence, which ceased after thirty minutes. The greater part of 
the solvent was removed by distillation, and the residual liquid was 
washed with dilute sodium hydroxide until the filtrate was practically 
colourless, then with water, dried over calcium chloride, and evapor- 
ated. The residual red oil solidified to orange-red crystals, which, 
after recrystallisation from light petroleum, melted at 53°. A 
mixture of the substance and benzeneazoanisole melted at the same 
temperature : 

0:0862 gave 0°2332 CO, and 0°0462 H,O. C=73'77; H=5-95. 

C,,H,,ON, requires C= 73°59 ; H=5°66 per cent. 


Diazomethane and Benzeneazo-a-naphthol. 


When 1 gram of well-dried benzeneazo-a-naphthol was added to 
the ethereal solution of diazomethane from 5 c.c. of nitrosomethyl- 
urethane, a vigorous effervescence occurred, which lasted one hour. 
After being washed with potassium hydroxide and with water, the 
ethereal solution was dried over calcium chloride and evaporated, 
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The residue weighed 0°7 gram, and, after two crystallisations from 
methyl alcohol, melted at 82°, the melting point being unchanged by 
the addition of benzeneazo-a-naphthyl methyl ether : 
00738 gave 0:2110 CO, and 0:0346 H,O. C=77:97; H=5-21. 
C,,H,,ON, requires C= 77°86 ; H =5°34. per cent. 


Diazomethane and Benzeneazo-p-cresol. 


One gram of benzeneazo-p-cresol was added to the ethereal solution 
of diazomethane from 5 ¢c.c. of nitrosomethylurethane. The solution 
effervesced gently for five hours, but, after evaporating the solution to 
a small volume, the fine ruby-red needles which separated melted at 
106°, and the melting point was unchanged by the addition of benzene- 
azo-p-cresol. 


p-Chlorobenzeneazo-p-cresyl Methyl Ether, C§H,Cl-N,°C,H,°O-CH,, 


(I) Five grams of the hydroxyazo-compound were suspended in 
100 c.c. of alcohol, and treated with a slight excess of 40 per cent. 
potassium hydroxide. The intensely red solution was heated until 
solution was complete, and then an excess of aqueous silver nitrate 
was added. The purple precipitate of the silver salt was collected, 
washed with hot alcohol, boiling water, and again with alcohol, dried, 
suspended in methyl alcohol, and treated with an excess of methyl 
iodide. By heating on the water-bath, the reaction was completed ; 
after removing the silver iodide, the filtrate was evaporated to a small 
bulk, The reddish-yellow crystals which separated from the cold 
solution were collected, washed with methyl alcohol, and dried. By 
recrystallisation from methy] alcohol, the ether was obtained in orange- 
red needles melting at 68°: 

0°1588 gave 0°3741 CO, and 0°0706 H,O. C=64:25; H=4:94. 

C,,H,,0N,Cl requires C= 64°49 ; H=4-99 per cent. 
The yield was about 84 per cent. of the theoretical. 

(II) The same ether was obtained when a solution of 2 grams of 
methyl iodide and 2°5 grams of p-chlorobenzeneazo-p-cresol, in 30 c.c. 
of methyl alcohol containing 0°3 gram of sodium, was heated on the 
water-bath for six hours. A hot 20 per cent. aqueous solution of 
potassium hydroxide was then added until a turbidity formed. The 
precipitate was separated from the cold solution, washed with alcohol 
and water, and dried. By recrystallisation from methyl alcohol, 
orange-red needles of the preceding ether were obtained, which melted 
at 68°. 
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Diazomethane and p-Chlorobenzeneazo-p-cresol. 


One gram of the hydroxyazo-compound was added to the ethereal 
solution of diazomethane obtained from 5 c.c. of nitrosomethyl- 
urethane. A gentle effervescence lasting for one and a-half hours 
was observed, at the conclusion of which the solution was concentrated 
by evaporation, whereby reddish-yellow leaflets of the original 
hydroxyazo-compound were obtained melting at 153°, the melting 
point being unchanged by the addition of p-chlorobenzeneazo-p-cresol. 

In order to ascertain whether a reaction occurs ata higher tempera- 
ture, 0°5 gram of p-chlorobenzeneazo-p-cresol and a solution of diazo- 
methane (from 2°5 c.c. of nitrosomethylurethane) in benzene were 
heated at 100° for two hours in a sealed tube. The diazomethane had 
all decomposed, but, after evaporation of the solvent, the residue melted 
at 152—153°, and the melting point was unchanged by the addition 
of the original hydroxyazo-compound. 


Diazomethane and B-Benzeneazo-a-naphthol. 


One gram of the hydroxyazo-compound and the ethereal solution 
of diazomethane from 5 c.c. of nitrosomethylurethane were kept in a 
closed vessel for several weeks. By evaporation of the solvent, dark 


red needles were obtained which melted at 132—134°. The melting 
point was raised to 138° by one recrystallisation of the substance from 
methyl alcohol, and remained unchanged by the addition of B-benzene- 
az0-a-naphthol. 


Mercuric Acetate and Azobenzene. 


A solution of 6 grams of mercuric acetate in 20 c.c. of water and 
3 c.c, of acetic acid was added to 4 grams of azobenzene dissolved in 
200 c.c. of alcohol. The mixture was heated for six hours on the 
water-bath. A small quantity, 0°7 gram, of mercuric acetate separated 
from the cold solution. This was removed, and the filtrate evaporated 
to 50 c.c. and added to 150 c.c. of water. A red, crystalline solid, 
weighing 4 grams and melting at 65—66°, was obtained, which, after 
recrystallisation from alcohol, melted at 68°. The melting point was 
unchanged when the substance was mixed with azobenzene : 

0°3000 gave 32 c.c. nitrogen at 15° and 739 mm. N=15°38. 

C,,.H,)N, requires N = 15°38 per cent. 


Benzeneazophenol Dimercuriacetate. 


A solution of 32 grams of mercuric acetate in 150 ¢.c. of water and 
20 c.c. of acetic acid was added to 10 grams of benzeneazophenol 
dissolved in 300 c.c. of alcohol, and the clear blood-red mixture was 
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heated for six hours on the water-bath. The bulky, orange-yellow 
precipitate which had separated was collected, washed with hot dilute 
acetic acid, water, and alcohol, and dried at 110°. During the drying, 
the substance gave off acetic acid and contracted to small, hard, red, 
nodules. The yield was nearly quantitative. 

The substance was purified by adding its solution in 150 c.c. of 
boiling glacial acetic acid to 400 c.c. of alcohol. The orange-yellow 
precipitate was washed with dilute acetic acid, alcohol, and ether, and 
dried as rapidly as possible at the ordinary temperature. The 
substance continuously decreased in weight, owing to loss of acetic 
acid : 

0°3687 gave 0°2126 Hg. Hg=57°6. 

0°7632 ,, 26°6 cc. of nitrogen at 17° and 7495 mm. N=4-0. 

C,,H,,0;N,Hg, requires Hg =56:0 ; N=3°9 per cent. 

04326 at 120° lost 0°0257. Loss=5:'9. 

Theoretical loss for 1 mol. C,H,O,=8:4 per cent. 

The analyses show that the benzeneazophenol dimercuriacetate had 
already lost a considerable amount of acetic acid. Since many 
other attempts to obtain the pure dry dimercuriacetate were un- 
successful, the substance was dried at 120°, the composition being then 


represented by the formula O,H,-N,-O,H,(Hg-C0,-CH,)<? : 
g 


0°3219 gave 11°7 c.c. of nitrogen at 20° and 763 mm. N=4:2. 

04902 ,, 03004 Hg. Hg=61°3. 

C,,H,,O,N,Hg requires N=4°3 ; Hg=61'2 per cent. 

The dried substance is a yellowish-brown powder, which darkens 
continuously on heating, but is not melted at 300°. It is insoluble’ in 
hot water and very sparingly soluble in alcohol, chloroform, ethyl 
acetate or benzoate, benzene, and nitrobenzene; it is moderately 
soluble in pyridine, and dissolves readily in glacial acetic acid. 


Benzeneazophenol Dimercurichloride, C,H;*N,"C,H,(HgCl),"OH. 


Five grams of the compound just described were boiled with 200 c.c. 
of 5 per cent. aqueous potassium hydroxide, and the hot filtered 
solution ‘treated with 200 c.c. of a saturated solution of sodium 
chloride. The orange-red precipitate was collected, washed with 
water, and digested with dilute hydrochloric acid, whereby the colour 
changed to brick-red. The precipitate was collected, washed with hot 
water and alcohol, and dried at 110°. The weight was 4 grams: 

0:2158 gave 0:0923 AgCl and 0:1500 HgS. Ol=10°6; Hg=59°9. 

05010 ,, 17°8c.c. of nitrogen at 16° and 760 mm. N=4:2. 

C,,H,ON,Cl,Hg, requires Cl=10°6; Hg=60°0; N=4:°2 per cent. 
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The dimercurichloride is a dull red, amorphous powder, which does 
not melt below 300°, and is insoluble, or nearly so, in the usual 
solvents. Attempts to obtain from it 2: 4 : 6-trisbenzeneazophenol 
by the action of diazobenzene chloride were unsuccessful, probably 
owing to the slight solubility of the dimercurichloride in alkali 
hydroxides. 

Benzeneazophenol dimercuribromide, ©,H,°N,°C,H,(HgBr),-OH, 
was best obtained by treating a solution of the dimercuriacetate in 
glacial acetic acid with a few c.c. of a hot concentrated solution 
of potassium bromide. The brownish-red precipitate was filtered from 
the hot liquid, washed with boiling water and alcohol, boiled with 
glacial acetic acid to extract traces of unchanged dimercuriacetate, 
again filtered and washed, and finally dried at 110°. It is a brownish- 
red powder, which does not melt below 300°, and is practically 
insoluble in the usual solvents : 

0:4208 gave 0°2092 AgBr. Br=21°15. 

C,,H,ON,Br,Hg, requires Br = 21°2 per cent. 

Attempts to replace the mercuribromide groups by bromine did not 

lead to definite results, 


Mercuric Acetate and Benzeneazo-o-0-dibromophenol. 


A solution of 3°5 grams of mercuric acetate in 15 c.c. of water and 
1 cc. of acetic acid was added to 35 grams of the hydroxyazo- 
compound dissolved in 200 c.c. of alcohol and the mixture heated for 
six hours on the water-bath. The small precipitate (0°5 gram) which 
had separated from the cold solution was recrystallised from acetic 
acid, and thus obtained in faintly yellow needles ; it did not contain 
nitrogen or bromine, and was not further examined. 

The solution was evaporated to 40 c.c. and poured into water. The 
yellowish-brown precipitate was collected, washed, and dried. It 
weighed 3 grams, and melted at 135—136°; its identity with 
benzeneazo-o-o-dibromophenol was confirmed by a mixed melting-point 


determination. 


2: 4:6-Tribromobenzeneazophenol Dimercuriacetate, 
C,H,Br,*N,*°C,H,(Hg*CO,°CH,),°OH. 

Six grams (2 mols.) of mercuric acetate dissolved in 20 c.c. of water 
and 1 c.c. of acetic acid were added to the solution of 4 grams (1 mol.) 
of the hydroxyazo-compound in 200c.c. of alcohol. After the mixture 
had been heated for six hours on the water-bath, the pinkish-red 
precipitate which had separated was collected. Another: gram of 
precipitate was obtained by concentrating the filtrate to20cc. The 
combined precipitates were washed with dilute acetic acid and water 
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and dried, the weight then being 6°5 grams. The substance was 
recrystallised from glacial acetic acid, and the pale red, microcrystal- 
line powder thus obtained was washed with alcohol and dried at the 
ordinary temperature : 

0°3175 gave 0°2295 CO, and 0:0293 H,O. C=19'7; H=1°0. 
03091 ,, 01298 Hg ,, 61854 AgBr. Hg=42:0; Br=25'5. 
02615 ,, 62cc. nitrogen at 18° and 739mm. N=2°7. 
C,,H,,0;N,Br,Hg, requires C= 20:2; H=1:15; Hg=42°1; 

Br = 25'2; N =2°9 per cent. 
Tribromobenzeneazophenol dimercuriacetate, which does not melt 
below 300° and is very sparingly soluble in the usual solvents with 
the exception of glacial acetic acid, is more stable than benzeneazo- 
phenol dimercuriacetate, but loses acetic acid at 120°: 

0°3865 lost 0:0240. Theoretical loss for 1 mol. C,H,0,=0°0244. 
By prolonged heating at 120°, mercury is eliminated. 


Benzeneazo-o-nitrophenol Mercuriacetate, 
C,H,°N,°C,H,(NO,)(Hg*CO,°CH,)-OH. 


A solution containing 5 grams of mercuric acetate in 30 c.c. of 
water and 2 c.c. of acetic acid was added to a hot solution of 2:4 
grams of benzeneazo-o-nitrophenol in 250 c.c. of alcohol, and the 
mixture heated for six hours on the water-bath. The precipitate was 
filtered from the cold solution, washed with alcohol and hot water, 
and recrystallised from glacial acetic acid. It was obtained as a pale 
yellow, microcrystalline powder, which did not melt below 300°, 
and was insoluble, or nearly so, in the usual solvents, excepting acetic 
acid : 

03008 gave 22:0 c.c. of nitrogen at 15° and 750 mm. N =8r4, 
0'2564 ,, 01028 Hg. Hg=40'l. 

C,,H,,0;N,Hg requires N=8'4; Hg=39-9 per cent. 
Benzeneazo-o-nitrophenol mercuribromide, 
C,H,-N,°C,H,(NO,)(HgBr)-OH, 

was obtained as a pale yellow precipitate by adding a concentrated 
solution of potassium bromide to the mercuriacetate dissolved in 
glacial acetic acid. The precipitate was washed with hot water and 
dried : 

0°4201 gave 0°1460 AgBr. Br=14'8. 

C,,.H,0,N,BrHg requires Br = 15:3 per cent. 


| 
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Benzeneazo-p-cresol Mercuriacetate, 
C,H,’ N,°C,H,(OH)-Hg-CO,°CH,,. 

A solution of 32 grams (2 mols.) of mercuric acetate in 230 c.c. of 
water and 5 c.c. of acetic acid was added to the boiling solution of 
10 grams of benzeneazo-p-cresol in 600 c.c. of alcohol; the mixture 
was heated for seven hours on the water-bath. A voluminous red 
precipitate separated, which was collected, washed with alcohol, dilute 
acetic acid, and hot water; after being dried, it weighed 18°5 grams. 
The purification can be effected by repeated crystallisation from glacial 
acetic acid, but the following method was employed with a saving of 
time and of material. The crude product was dissolved in boiling 
glacial acetic acid, and by the addition of a small quantity of hot 
water a slight precipitate formed, which was removed and neglected. 
The bulk of the substance left in the solution was precipitated by 
excess of water, and, after being dried, treated in the same way as 
before. The precipitate obtained in this second treatment was finally 
crystallised from glacial acetic acid. It separated in reddish-brown 
needles, was very sparingly soluble in the usual solvents, excepting 
acetic acid, and darkened on heating, melting with decomposition at 
269—270°. These are the properties of benzeneazo-p-cresol mercuri- 
acetate obtained by Dimroth (Ber., 1902, 35, 2864) from diazobenzene 
chloride and p-cresol-m-mercuriacetate (Me:OH=1:4), and the 
identity of the two substances was proved by a mixed melting-point 
determination : 

09868 gave 0°4159 Hg. Hg=42°15. 

03012 ,, 15:8 c.c. of nitrogen at 15° and 768 mm. N=6:2. . 

C,,H,,0,N,Hg requires Hg = 42°55; N=6 0 per cent. 

Benzeneazo-p-cresol mercurichloride, C,H,*N,°C,H,(OH)-HgCl, was 
obtained by adding 40 c.c. of a saturated salt solution to 3 grams of 
the mercuriacetate dissolved in 20 c.c. of acetic acid. The precipitate 
was collected, washed, and recrystallised twice from a large volume of 
alcohol, whereby it was obtained in yellowish-brown needles, which 
darkened on heating, and melted and decomposed at 246—248° 
(Dimroth : 249° with decomposition) : 

03588 gave 0:1616 Hg and 01176 AgCl. Hg=45°0; Cl=8'l. 

C,,H,,ON,ClHg requires Hg = 44°8 ; Cl=7'95 per cent. 


Mercuric Acetate and Benzeneazo-m-bromo-p-cresol. 


A solution of 3:2 grams of mercuric acetate in 5 c.c. of water and a 
few drops of acetic acid was added to 1°5 grams of the hydroxyazo- 
compound dissolved in 50 ¢.c. of alcohol, and the mixture was heated 
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on the water-bath for six hours. The precipitate, separated from the 
cold filtrate, weighed 1 gram, and 0°4 gram was obtained by con- 
centiating the mother liquor. The total amount was recrystallised 
from acetic acid. The red crystals melted at 120—121°, and the 
melting point was unchanged by admixture with benzeneazo-m-bromo- 
p-cresol (Me : OH = 1 : 4) (m. p. 123° corr.) : 
0°1061 gave 9-2 c.c. of nitrogen at 185° and 7425 mm. N=9°8. 
C,,H,,ON.Br requires N = 9°6 per cent. 


The expenses of this investigation have been partly defrayed by a 
grant from the Research Fund of the Chemical Society, for which the 
authors desire to express their thanks. 
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LXXIX.—The Quantitative Conversion of Aromatic 
Hydrazines into Diazonum Salts. 
By Freperick DanreEL CHATTAWAY. 


THE primary aromatic hydrazines, which are so readily obtained from 
diazonium salts by reduction, might be expected to be reconverted into 
the latter with similar ease by oxidation, This reconversion, however; 
has proved to be a matter of great difficulty. For it to take place, 
two hydrogen atoms of the ‘-NH*NH, group must be replaced by 
hydroxyl groups, and, as the author has recently shown (Trans., 1907, 
91, 1323 ; 1908, 93, 270), when one such group has been introduced 
the typical diazo-decomposition : 

R'N-H R N H 

| —ae lt il + ] 

R:N-OH H N O-H 
occurs so readily that even in presence of acids comparatively in- 
significant amounts of diazonium salts are formed, whilst in presence 
of alkalis they are not produced at all. 

Emil Fischer (Annalen, 1877, 190, 97) first showed that the reaction 
was possible, and recognised the presence of a diazonium salt among 
the products of the oxidation of phenylhydrazine sulphate by yellow 
mercuric oxide. The amount which can be thus formed is, however, 
very small, and, although Altschul (J. pr. Chem., 1896, [ii], 54, 496) 
found that a much larger yield could be obtained by employing 
nitrous acid as the oxidising agent, no really satisfactory method of 
effecting the reconversion has yet been described. 
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The author finds that all primary aromatic hydrazines can be 
quantitatively converted into the corresponding diazonium salts either 
by chlorine or by bromine.* 

If either halogen is allowed to act at a low temperature on the 
hydrazine dissolved in alcohol, the diazonium salt separates out in a 
pure state. 

Unless, however, the solid salt is required, the operation can be 
more easily carried out by dissolving the hydrazine in glacial acetic 
acid, cooling the solution to about — 15° by addition of crushed ice, 
and either passing in a rapid stream of chlorine or adding the 
calculated quantity of bromine dissolved in acetic acid and similarly 
cooled by ice. 

The formation of the solid diazonium salt is without doubt due to a 
substitution by halogen of two atoms of hydrogen in the ‘NH*NH, 
group, followed by the elimination of halogen acid, thus : 


0,H,:-N-H O,H,-N-Cl 0,H,:N°Cl 
| | _ | . 
sha * HN-Cl j 


As in other cases where hydrogen attached to nitrogen is 
replaced by halogen, an additive product is probably first formed, in 
this instance by the addition of four halogen atoms, each nitrogen 
atom thus becoming quinquevalent. The successive elimination of 


three molecules of halogen acid then gives rise to the diazonium salt. 

It seems probable that the removal of the last molecule of halogen 
acid, which is necessary for formation of the solid diazonium 
compounds, only takes place when the latter assume the solid state, 
and that when these compounds exist in solution or undergo any 
of the reactions which are characteristic of them they actually 
have the structure : 

R'N:Cl R:N:Cl R°N:Br R:N:Br 

Pa a or i an ] or I 

H'N:Cl H'N°Cl H-N:Br 


H-N:Br 


The relationship of the diazonium salts to the hydrazines and all 
their reactions can be better explained on this hypothesis than on any 
other. 

Action of Chlorine on Phenylhydrazine. 


When chlorine is passed rapidly into a solution of phenylhydrazine 
kept at a low temperature, action at once takes place; hydrogen is 
replaced by chlorine and hydrogen chloride is produced, but no nitrogen 


* A large number of totally different products can be obtained from primary 
aromatic hydrazines by the action on them of the halogens according to the con- 
ditions under which the action takes place. A full treatment of the subject is 
reserved for a later communication ; in this paper, the production of diazonium 
salts is alone dealt with. 
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is evolved, nor does any substitution in the ring take place, benzene- 
diazonium chloride and hydrogen chloride being the sole products. 

If solid benzenediazonium chloride is to be prepared, it is best to 
operate in alcoholic solution, cooling with solid carbon dioxide, but if 
the salt is not required in the solid form the action can be much 
more easily carried out in acetic acid solution. 

To prepare the solid diazonium salt, 5 grams of phenylhydrazine, 
freshly distilled and twice recrystallised, were dissolved in 100 c.c. of 
absolute alcohol, and cooled strongly by the addition of solid carbon 
dioxide, so much of the latter being added that a pasty mass was 
obtained. Through this a rapid stream of dry chlorine was passed 
until the whole was saturated, the semi-liquid mass being thoroughly 
stirred during the passage of the gas by the delivery tube. The liquid 
became pale yellow, and benzenediazonium chloride separated as a white 
solid. One hundred e.c. of dry ether, also strongly cooled and containing 
suspended solid carbon dioxide, were added, and a rapid current of 
dry air was aspirated through the mixture until the excess of chlorine 
and the solid carbon dioxide had been removed and the temperature 
of the liquid had risen to about —20°. The solid benzenediazonium 
chloride was then filtered off and well washed with dry ether. 

The purity of the substance was established by a chlorine estimation, 
and also by converting it into benzeneazo-8-naphtho]l by coupling it 
with 8-naphthol. The benzeneazo-@-naphthol thus obtained crystal- 
lised from alcohol in brilliant scarlet needles melting at 135°, and was 
identical with a specimen prepared from benzenediazonium chloride 
prepared by diazotising aniline. 

To prepare an acetic acid solution of the diazonium salt, 2:16 grams 
of phenylhydrazine, purified as before, were dissolved in 80 c.c. of 
glacial acetic acid and 40 grams of crushed ice added. A rapid stream 
of chlorine was passed through the liquid, stirring as before, until it 
was saturated and the gas escaped freely. No nitrogen was evolved, 
the action taking place quietly and quantitatively. The liquid at first 
assumed a slightly red tint, which, however, disappeared as the 
passage of the chlorine was continued, a pale yellow liquid being finally 
obtained. To remove the excess of chlorine, more crushed ice was 
added, and air was drawn through the liquid until the odour of chlorine 
could not be detected. The benzenediazonium chloride produced was 
then estimated by conversion into benzeneazo-8-naphthol,* a quantita- 
tive yield of which, in a perfectly pure state, can be obtained in a 
carefully conducted experiment. 

It is thus seen that no substitution in the benzene nucleus occurs 


* A number of experiments made with weighed quantities of pure diazonium 
compounds showed that accurate results could be obtained by filtering off the azo- 
compound in a Gooch crucible and drying at 110°. 
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under the conditions named, the sole product of the action of chlorine 
on phenylhydrazine being benzenediazonium chloride, which is produced 
in theoretical amount. 


Action of Bromine on Phenylhydrazine. 


The action of bromine on phenylhydrazine is exactly similar to that 
of chlorine, benzenediazonium bromide and hydrogen bromide alone 
being produced. Since the amount of bromine required can be 
accurately weighed, the operations are more easily carried out. 

4°32 Grams of pure phenylhydrazine were dissolved in 50 c.c. of 
absolute alcohol and cooled by solid carbon dioxide, the latter being 
added in excess so as to form a semi-solid mass ; 12°8 grams of bromine 
were next mixed with 50 c.c. of absolute alcohol, similarly cooled and 
containing an excess of suspended solid carbon dioxide. The liquid 
containing the bromine was then quickly added to that containing the 
phenylhydrazine, and the two thoroughly stirred together. The 
mixture became pale yellow, and solid benzenediazonium bromide 
separated ; 100 c.c. of dry ether were next added, and a current of air 
aspirated through the mixture, this being continued until the solid 
carbon dioxide had disappeared and the temperature had risen to 
about — 20°. The benzenediazonium bromide was then filtered off and 
washed with dry ether. It was obtained as a white, crystalline 
powder, which in bulk was seen to have a faint yellow tint. On 
adding ether gradually to a solution of the salt in cold alcohol, it 
separated in small, six-sided plates of a very faint yellow colour. Its 
purity was ascertained by a bromine estimation and by converting it 
as before into benzeneazo-B-naphthol. 

Unless the solid salt is required, it is, however, much simpler to 
work in glacial acetic acid solution, cooling by crushed ice. Phenyl- 
hydrazine can be so easily and rapidly converted into diazonium 
bromide in this way that the operation is excellently adapted for a 
lecture experiment. 

The following is a convenient procedure : 2°16 grams of pure phenyl- 
hydrazine are dissolved in 40 c.c. of acetic acid, and 20 grams of 
crushed ice added; 6°4 grams of bromine are dissolved in 40 c.c. 
of acetic acid and 20 grams of crushed ice added. The temperature 
of each liquid having fallen to about — 15°, the twoare rapidly mixed, 
the bromine solution being poured into the hydrazine solution, the 
latter being rapidly stirred ; some heat is developed, but the tempera- 
ture of the whole should not rise above — 10°, as the ice still remains 
in excess if the operations are carried out quickly. A little benzene- 
diazonium perbromide is formed locally where the bromine is in excess, 
but this at once disappears on stirring, and a clear, pale yellow liquid 
is obtained, no nitrogen being evolved, 
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The clear liquid is next poured over a considerable excess of crushed 
ice, and made slightly alkaline by the cautious addition of a cold 
concentrated solution of potassium hydroxide. On adding B-naphthol 
dissolved in dilute aqueous potassium hydroxide, benzeneazo-B-naphthol 
is thrown down as a brilliant red precipitate. The yield in a carefully 
conducted experiment is theoretical. In two test experiments, using 
the above quantity of phenylhydrazine, 4°9 and 5 grams of benzene. 
azo-B-naphthol were obtained, the amount which theoretically should 
be produced being 4°96 grams. 

All primary aromatic hydrazines which have been studied are acted 
on by chlorine and bromine in a precisely similar manner, and the 
action appears to be a general one, 

It may, however, again be noted that the halogens can produce 
from the hydrazines a great variety of substances, as the hydrogen 
attached to the nitrogen is substituted atom by atom, and the nitrogen 
halogen derivatives formed can break down or transform in many 
different ways, depending on the conditions. As an illustration of 
this, reference may be made to the observation of Michaelis (Ber, 
1893, 26, 2190), confirmed by Vaubel (J. pr. Chem., 1894, [ii], 49, 
540; 1897, [ii], 55, 220), that, when phenylhydrazine or its 
acetyl derivative is brominated, in addition to a bromo-substituted 
hydrazine, a bromo-substituted diazonium salt is produced. Following 
up a statement made by Emil Fischer (Annalen, 1893, 272, 214) that 
acetylphenylhydrazine can be directly brominated if dissolved in 
concentrated hydrochloric acid, Michaelis, by the direct action 
of bromine at the ordinary temperature on phenylhydrazine and 
acetylphenylhydrazine, prepared p-bromophenylhydrazine and 2 : 4-di- 
bromophenylhydrazine, and noted that, in addition, p-bromo- and 
2 : 4-dibromo-benzenediazonium chloride were respectively produced. 

The formation of these compounds is due to the substitution of 
hydrogen in the imino-group of the hydrazine by bromine, the action 
of the halogen on the amino-group being hindered, or rendered much 
less rapid, by the presence of the concentrated hydrochloric acid, this 
by combining with the group preventing the addition of halogen 
which must precede substitution. The nitrogen-bromide thus formed 
undergoes under the influence of the halogen acid the transformation 
characteristic of phenyl acyl nitrogen bromides, the halogen entering 
the ring in the para- and ortho-positions and forming the substituted 
hydrazine, for example : 
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HCl,NH,:NBr HC!,NH,-NH 
e@ 
y 

Br 


HCI,NH,*NBr HCl,NH,-NH 


at each stage of this transformation a certain amount of the sub- 
stituted hydrazine is acted on in the manner described in this paper 
and converted into the corresponding diazonium salt. 


Action of Chlorine and Bromine on o- and p-Tolylhydrazine, p-Bromo- 
phenylhydrazine, p-Nitrophenylhydrazine, Phenylhydrazine-p- 
sulphonic Acid, and B-Naphthylhydrazine. 


The action of chlorine and of bromine on these hydrazines has been 
investigated in a similar manner, and with similar results to those 
previously described. In every case, the action of the halogen at a low 
temperature converts the hydrazine into the corresponding diazonium 
salt. 

The conversion in each of these cases is most conveniently effected by 
bromine carrying out the reaction in acetic acid, the amount of acid used 
and the details of procedure being suitably modified. In no case, if 
the temperature is kept low, is halogen substituted in the aromatic 
residue, this only occurring in presence of mineral acids when the 
temperature is such as to allow transformation of the mono-halogen 
imino-substitution product to take place. 

In order to obtain a quantitative yield of diazonium salt in any of 
these reactions, it is necessary to work very carefully and to use 
accurately weighed amounts of pure bromine and recently purified 
hydrazine. All primary aromatic hydrazines are so readily oxidised 
by the oxygen of the air (Chattaway, Trans., 1907, 91, 1323) that 
unless purified by distillation under diminished pressure, or recrystal- 
lised not long before use, they are certain to contain brown-coloured 
oxidation products. Such slightly impure hydrazines do not give a 
perfectly clear solution of the diazonium compound, and small quanti- 
ties of brown solid, or even tarry matters, are thrown out on neutrali- 
sation, These, however, can be filtered off from the aqueous solution 
of the diazonium salt, the yield of the latter being slightly reduced. 
Working with ordinary care, however, it is easy to obtain a yield of 
90—95 per cent. of the theoretical. 

3 .L2 


858 SPENCER AND LE PLA: QUANTITATIVE 


The author is indebted to the Government Grant Committee of the 
Royal Society for a grant, which has partly covered the cost of this 
investigation, and to Dr. H. B. Baker for allowing him to use the 
Christ Church laboratory. 


Curist CHURCH, 
OXFORD. 


LXXX.—Quantitative Separation of Thallium from 
Silver. 
By James Freperick Spencer and Maraaret Le Pua. 


In the course of some work on thallium compounds, we desired to 
effect a complete separation of silver and thallium, both for 
purposes of analysis and also for purification of the salts. 

Several methods are to be found in the literature of the subject for 
effecting this separation. These methods, on trial, have proved to be 
either too lengthy and tedious, or not sufficiently quantitative for our 
purpose, 

Crookes describes a method based on the precipitation of silver 
sulphide by means of hydrogen sulphide in acid solution. Experiment 
has shown that silver sulphide precipitated in presence of a thallous 
salt invariably contains small quantities of thallium. A second 
method consists in oxidising the thallium salt by means of nitro- 
hydrochloric acid to the sesquichloride, TIC],,3TICI, which is slightly 
soluble in hot water. ‘The solution containing this is then boiled, and 
the silver chloride collected and washed with boiling water until all 
the thallium is removed. This method is extremely tedious, for 
thallium sesquichloride is very sparingly soluble in water, dissolving 
only to the extent of 3°6 grams per litre at 25°, and is still less soluble 
in dilute hydrochloric acid, with which the washing must be carried 
out. This is necessitated since thallium sesquichloride is hydrolysed 
by water according to the equation : 


TIC!,,3TIC1+ 3H,O —> Ti(OH), + 38TICl+3HCl. 


Another method depends on the reduction of the iodides of the two 
metals by means of zinc. The mixture of iodides is allowed to stand 
in contact with a rod of pure zinc which reduces both iodides to metal ; 
when all has been reduced, the excess of zinc is removed, and the 
thallium dissolved in dilute sulphuric acid, which will leave the 
silver unattacked. 

This process is very good, but is long and very tedious. It depends 
on the iodides coming into contact with the zinc, which can only 
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occur when they are in ‘solution, and, since they are both very 
slightly soluble in water, this must be a very lengthy process. 

The foregoing processes having failed to meet our needs, we 
adopted the following method, which we have found to be quantitative, 
and easily and quickly carried out. 

The mixture of silver and thallium salts is treated in the presence 
of about 50 c.c. of water with a rapid stream of chlorine. By this 
means, the thallium is converted into a thallic salt in a very few 
minutes, the silver being precipitated as chloride. Thallic chloride, 
being extremely soluble in water, is filtered from the silver chloride, 
reduced by sulphur dioxide, precipitated as thallous iodide, and 
estimated in the usual way. An attempt was made to substitute the 
chlorine by bromine, but the results obtained showed that the 
oxidation of the thallium was incomplete. An attempt was also made 
to determine the thallium directly in the thallic condition, and so 
avoid the reduction by sulphur dioxide. The thallium was therefore 
precipitated, after removal of the silver, by ammonia, the hydroxide 
filtered off, dried at 120°, and weighed. The results, however, showed 
that the dried precipitate was not a homogeneous compound. 


EXPERIMENTAL. 


I. Separation of Silver and Thallium. 


Solutions of thallous nitrate and silver nitrate of known 
composition were prepared from pure salts supplied by Kahlbaum ; 
these were then analysed in the following manner. 

Chlorine was passed through the solution for about ten minutes, 
whereby the thallous salt was completely oxidised to a thallic salt, 
and the silver precipitated as chloride. As soon as the chlorine 
entered the solution, a white precipitate was formed, which soon 
changed to brown, owing to the formation of thallic hydroxide by the 
hydrolysis of thallic chloride. This precipitate redissolved as more 
chlorine was added, until finally a white precipitate of silver chloride 
alone remained. 

It was found advisable to keep the precipitate stirred from time to 
time during the addition of chlorine. The liquid was then boiled to 
expel the excess of chlorine, and, after cooling, filtered on a Gooch 
crucible ; the precipitate of silver chloride was washed and weighed 
in the usual way. The filtrate and washings were concentrated to 
about 150 c.c., and treated with a stream of sulphur dioxide for about 
ten minutes.* A few cubic centimetres of liquid sulphur dioxide can 


* The sulphur dioxide must not be added directly from the syphon, as this would 
oceasion a violent effervescence in which there would be great danger of loss. A 
small quantity of the liquid is poured from the syphon into a beaker, and, from this, 
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be substituted for the gas, and this has the advantage both of saving 
time and obviating loss of the solution by spirting. The liquid was 
then boiled to expel the excess of sulphur dioxide. An excess of a 
20 per cent. solution of potassium iodide was then added, and the 
mixture boiled for about two minutes. When cold, the precipitate of 
thallous iodide was filtered on a Gooch crucible, washed with a 1 
per cent. solution of potassium iodide until the washings were free 
from nitrate, and then washed with 80 per cent. alcohol, dried at 140°, 
and weighed. Table I gives the results of a series of analyses, 

Columns 1 and 2 give the weights of silver nitrate and thallous 
nitrate respectively contained in the solution, and 3 and 4 give the 
weights of silver chloride calculated and experimentally determined. 
C>lumns 5 and 6 give the calculated and experimentally determined 
weights of thallous iodide. 

The percentage error on the silver chloride is never greater than 0:1, 
whilst that on the thallous iodide varies between 0°2 ani 0:4: 


TABLE I, 

a 2. 3. 4, 5. 6. 
AgNO, TINO, AgCl AgCl Til TII 
taken. taken. cale. obtained. eale. obtained. 
1°0499 0°3184 0°8856 0°8853 0°3960 0°3970 
1°0006 0°1127 0°8440 0°8440 0°1401 0°1398 
0°5487 0°2661 0°4628 0°4625 0°3310 0°3296 
0°5317 1°3035 0°4485 0°4485 1°3082 1°3035 
0°1086 0°9992 0:0917 0°0918 1°2429 12428 


II. Determination of the Solubility of Thallous Chloride in Potassium 
Carbonate. 


In a series of experiments involving the use of potassium carbonate 
and thallous salts, it was found that the addition of pofassium 
chloride to a solution containing potassium carbonate and thallous 
salts gave, as was to be expected, a precipitate of thallous chloride. 
When this precipitate had been filtered off, the addition of sufficient 
dilute sulphuric acid to neutralise the potassium carbonate caused the 
precipitation of a further quantity of thallous chloride. On investiga- 
tion, this was found to be due to an increased solubility of thallous 
chloride in potassium carbonate solution, for, whereas thallous chloride 
dissolves to the extent of 3°86 grams per litre in water at 25° it is 
soluble to the extent of 21°84 grams per litre in a 5/N-solution 
of pctassium carbonate. A study of the curve representing the 
the sulphur dioxide is carefully poured down the side of the vessel containing the 
substance to he reduced. The first few drops produce a mass of fine ice crystals on 
the surface of the solution which effectually prevents any loss when the residue of 


the liquid is added. Reduction by means of liquid sulphur dioxide is only recom- 
mended when a good draught is obtainable. 
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increase of solubility gives no indication of the presence of double 
salts. 

The potassium carbonate used in these determinations was Kahl- 
baum’s purest, but was found to contain small quantities of potassium 
hydroxide, and was therefore purified by digesting with alcohol, 

The potassium carbonate was dissolved in water to make solutions of 
various strengths, which were accurately determined by titration, 
Dry thallous chloride was added to these solutions, placed in a series of 
bottles, The bottles were then closed by well-fitting stoppers, which 
were also covered with watertight caps, and placed in a thermostat at 
25° and shaken for several days. When the solutions were saturated 
' with thallous chloride, they were carefully analysed, the thallium 

being estimated by the method already described. The results of a 

series of determinations are given in table II. Column 1 gives the 

“concentration of potassium carbonate in gram-molecules per litre ; 
column 2 that of thallous chloride in gram-molecules per litre; 
column 3 the increase in solubility of thallous chloride in gram- 
molecules due to the presence of potassium carbonate : 


TaBLeE IT. 


3. 3. 

a, 2. Increased solu- a Increased solu- 

Conc. K,CO;. Cone. TIC]. bility of TIC]. | Conc. i, CO,. Conc. TIC]. bility of TICl, 
0:0000 0°0161 0°0000 0°8887 0°0636 0°0475 
00093 0°0184 00023 1°3330 0°0744 0°0583 
0°0186 0°0201 0:0040 1°7774 0°0816 0°0655 
0°0465 0°0239 0°0078 2'2217 0°0862 0°0701 
0°0930 0°0289 0'0128 4°4435 0:0904 0°0743 
0°4650 0:0489 0°0328 5°0763 0°0915 0°0754 


A curve showing the relationships between the increase in the 
concentration of the potassium carbonate and that of the thallous 
chloride gives no indication of the formation of a double salt. The 
general form of the curve is a hyperbola, as is evident from the 
figures in table II. Whether or no there are complex ions in the 
solution cannot be decided from solubility determinations, but would 
follow from a determination of the electropotential of such solutions 
against a thallium electrode. Determinations of this nature are in 


progress. 
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LXXXI.—The Constituents of Cyprus Origanum Oil. 
Isolation of a New Terpene (Ortganene). 


By Samuet SHRowpDeER Pickus, M.Sc. 


Durine his visit to Cyprus, in 1904, Prof. W. R. Dunstan obtained 
a small quantity of the oil distilled locally from the principal 
origanum plant of the island, and arranged for further supplies to 
be forwarded to the Imperial Institute for examination. An account 
of the preliminary examination was published in the Bulletin of the 
Imperial Institute (1906, p. 296). The physical constants of the oil 
were recorded, and it was shown that the principal constituent of 
the oil is carvacrol, which is present to the extent of 82:5 per cent. 

The present investigation, undertaken at the suggestion of Prof. 
Dunstan, deals with the further examination of the constituents 
of this oil. 

Of several oils of origanum and thyme produced in Cyprus, this, 
the most important, is the origanum oil, resembling that known in 
commerce as “ oil of Cretan origanum,” about 3000 lbs. of which are 
now annually exported. 

Oils containing carvacrol are obtained from several species of 
Origanum growing in countries bordering on the Mediterranean, the 
two chief being (1) Trieste origanum oil, which, according to Gilde- 
meister aud Hoffmann (Volutile Oils, p. 622), is probably derived from 
Origanum hirtum, Lk., and (2) Smyrna origanum oil, derived from 
Origanum Smyrnaewm, Linn. According to the Index Kewensis, the 
latter is a synonym for 0. Onites, Linn. 

There is at present some little doubt as to the exact botanical 
species of the plant furnishing the Cyprian oil. It is known in the 
island by the name “‘ Pryavy,” and is regarded by Dr. Gennadius, late 
Director of Agriculture for Cyprus, as Origanum Onites. Holmboe, 
a Norwegian botanist, regards the plant as 0. dubium, a sub-species of 
0. Maru, L. A botanical specimen sent recently to Kew was identified 
as Origanum majorana, although the oil differs widely from that pro- 
duced by O. majorana as grown in Spain. Holmes (Pharm. J., 1907, 
79, 378) has also recently examined the plant, and finds that, 
although it is closely allied to O. majorana, it differs from it in 
certain respects, particularly in being perennial, and he proposes to 
refer it to Willdenow’s O. majoranoides. 

The physical properties of the oil and the yield of carvacrol are 
almost identical with those of the Trieste oil (0. hirtwm, Lk.). On 
the other hand, the low content of carvacrol in Smyrna origanum oil 
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(from 25 to 60 per cent.) appears to indicate a different botanical 
origin. 

Trieste origanum oil was examined by Jahns (Arch. Pharm., 215, 
1) in 1879, who first showed that the oil contained carvacrol. He 
also obtained small quantities of another phenol (0:2 per cent.), which 
was not identified, but which was said to produce a violet coloration 
with ferric chloride. Jahns further stated that the non-phenolic 
portion of the oil, after several rectifications over sodium, boiled for 
the most part between 172° and 176°, and consisted principally of 
cymene, the presence of which was shown by the formation of cymene- 
sulphonic acid. He also mentioned that this fraction, when shaken 
with concentrated sulphuric acid, developed the odour of sulphur 
dioxide, a fact which would seem to indicate the presence of terpenes. 

Smyrna origanum oil was examined by Gildemeister in 1895 
(Arch. Pharm., 233, 182). It was found to differ from the Trieste 
oil in that it contains the aliphatic alcohol, linalool, in considerable 
amount, On account of the low specific gravity of the hydrocarbon 
fraction, 155—163° (sp. gr. = 0°826), it was thought to contain olefinic 
terpenes. Besides carvacrol, the oil was shown to contain cymene 
and J/-linalool. 

An analysis of Cyprus origanum oil by Francis (Chemist and 
Druggist, 1907, 70, 366), Government Analyst of Cyprus, has also 
recently been published. From the results given, however, it would 
seem that he had merely distilled the oil and named the various 
fractions on the assumption that the oil was a thyme oil, without 
attempting to examine them chemically. His results are as follows : 


Sample No.1. Sample No. 2. 


BRM seninnecsinnts-ccisupendarmibiecensciseapestisnensesesce 2°60 2°00 
Light oil, boiling below 160° .............0062 cess 1°80 2°00 
Thymene, distilling at 160—165° ............02.008 6°40 2°40 
Cymene, *. pe | 7°60 8°80 
Thymol, oo WE scncchdiaieasdes faceoe 81°60 84°80 


100°00 


If the above surmise is incorrect, some other explanation of these 
results is required, as 230° is the correct boiling point for thymol, 
whereas carvacrol boils at 236°. Francis also remarks that the best 
way to remove the thymol is to cool the oil to 0°, when the thymol 
separates. Now, as the melting point of pure carvacrol is 0°, it cannot 
be made to crystallise from an oil merely by cooling to that tempera- 
ture, although t ymol (m. p. 51°5°), were it present, might reasonably 
be expected to do so. 

Further, the hydrocarbon (b. p. 160—165°) is certainly not identical 
with thymene (probably /-pinene) isolated by Lallemand (Compt. rend., 
1853, 37, 498) from thyme oil. 
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Occurrence and Constitution of “ Origanene.” 


During the course of the present investigation, an examination 
of the hydrocarbons contained in Cyprus origanum oil revealed the 
presence of a terpene, the properties and derivatives of which do not 
coincide with those of any previously described member of the terpene 
group. The name “ origanene”’ is proposed for this hydrocarbon, and 
it has been considered of interest to elucidate as far as possible the 
constitution of this apparently new substance. With this object 
in view, the following ascertained facts are to be considered. 

Analysis shows the formula of origanene to be C,,H,,. Its specific 
gravity at 16° is 0-847, and refractive index (n))=1'480. As obtained 
by distillation, the hydrocarbon has a slight optical rotation (+ 1°50’ 
in a 1-dem, tube), but, as all the hydrocarbon fractions of the oil also 
show a slight rotation, this is possibly due to the presence, as im- 
purity, of a small quantity of some strongly active substance. ‘The 
boiling point of the terpene was found on two different occasions to be 
160—164°/750 mm. and 163—166°/765 mm. 

On treatment with bromine in the cold, origanene forms only a 
dibromo-additive compound, and by the action of hydrogen bromide 
in acetic acid solution, even at 130° in a sealed tube, only a mono- 
hydrobromide is obtained. By shaking origanene with dilute sul- 
phuric acid for five days, it is partly converted into terpin hydrate. 
Only a slight pink coloration is produced when the hydrocarbon 
is dissolved in acetic anhydride and a drop of sulphuric acid is added. 
When origanene dibromide is treated with alcoholic potash, hydro- 
gen bromide is readily eliminated from the molecule, and the resulting 
product is p-cymene. 

Origanene yields a colourless, crystalline mitroso-chloride, but 
apparently does not form a solid nitrosite as do the phellandrenes 
and terpinene. On oxidation of the hydrocarbon by hydrogen per- 
oxide in neutral solution, succinic acid is produced. 

The comparatively low boiling point of the hydrocarbon suggested 
the possibility of its being either an open-chain terpene of the myrcene 
type, or a bridged cyclic compound of the pinene or fenchene type. 
The high specific gravity (0°847) and the fact that only a dibromide is 
formed on treatment with bromine, render the open-chain theory 
untenable. On the other hand, the bridged cyclic terpenes, pinene, 
fenchene, &c., have specific gravities higher than that of origanene, 
and, on heating terpenes of this class with an acetic acid solution of 
hydrogen bromide, the bridged linking is usually resolved and dihydro- 
bromides are formed. The other alternative is to consider origanene as 
a monocyclic compound containing two conjugated ethylenic linkings, 
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and this view agrees best with the experimental evidence. The 
molecular refraction is found to be 45°54, which agrees with the value 
calculated for C,)H,,\-, (45°24), whereas C,,H,,|- requires 43°53. 
Assuming that there is one closed ring in the molecule, the formation 
of terpin hydrate on shaking origanene with dilute sulphuric acid, 
taken in conjunction with the observations that p-cymene is readily 
formed from origanene and that on treatment with acetic anhydride 
and sulphuric acid only a slight pink coloration is produced, leads to 
the conclusion that the terpene is a p-menthadiene. Having regard 
to the ease with which origanene dibromide yields p-cymene on treat- 
ment with alcoholic potash, it appears probable that both the bromine 
atoms are in the ring, and, if so, it follows that both the double bonds 
must previously have been in the ring. Finally, of the possible 
p-menthadienes having a conjugated system of double bonds inside 
the ring, only one can give succinic acid on oxidation, namely, the 
A’*-»-menthadiene, 
CH—CH CH 
CHyC<oy cH, CH<oHe. 

Accepting this formula for origanene, the formation of the dibromide 
can reasonably be represented as follows : 


OMe< Oo o> C-CHMe, + Br. —> 


_°CH, 
CH—CH 
CMeBr< oy . 0 H,> CBr CHMe, — 2HBr —> 


OMe<GH ope CHMe,. 

The formation of terpin hydrate from a compound having this 
formula appears at first sight to present some difficulty, as the product 
which might have been expected is the terpinene terpin, m. p- 
136—137°, 

CHy COB) Or" oH? >O(0H) Cort. 

Bearing in mind, however, the ease with which isomerisation takes 
place amongst terpenes, especially in acid solution, it is quite con- 
ceivable that the first action of the acid is to cause a shifting of the 
double bonds with the formation of dipentene, which would then pass 
into terpineol and terpin hydrate. 

The A’'*-p-menthadiene formula has been put forward at least twice 
previously as representing the constitution of other terpenes. It was 
suggested as the formula for ‘terpinene by Wallach in 1891, and, 
although the terpinene formula most generally accepted at the present 
time appears to be that advanced by Harries (Ber., 1902, 35, 1169), 
it has ever been quite abandoned by Wallach. 

Thi. same formula was ascribed by Harries (Annalen, 1903, 328, 
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322) to one of the hydrocarbons which occur in the mixture of 
terpenes obtained by distilling the phosphate of dihydrocarvylamine, 
The boiling point of this terpene was 174—176° (10° higher than that 
of origanene), and succinic acid was obtained on oxidation with 
permanganate solution. No characteristic derivatives were, however, 
described, and it was not stated whether the hydrocarbon formed di- 
or tetra-halogen additive compounds. It is thus impossible to say 
whether or not it resembles origanene. 


Examination of Cyprus Origanum Oil. 


Physical Characters.—The oil is golden-brown in colour, but rapidly 
darkens on exposure to air. It possesses a rather pleasant odour, 
somewhat resembling that of thyme oil, has a burning taste, and 
produces a smarting effect when applied to the skin of the face. 

Specific gravity at 15°/15°=0°967. Optical rotation in 1-dem. 
tube = +0°12’. 

The oil gives a clear solution with one or more volumes of 80 per 
cent. alcohol. 

Chemical Examination.—The oil was subjected to a preliminary 
examination for the presence of free acids by shaking a portion with 
sodium carbonate solution. On afterwards acidifying the alkaline 
washings and extracting with ether, only a trace of an acid having 
the odour of isobutyric acid was obtained. Another portion of the oil 
was, with negative results, tested for aldehydes and ketones by shaking 
with a saturated solution of sodium hydrogen sulphite. 

Separation of the Phenolic Portion.—Four hundred grams of the oil 
were shaken with 2 litres of 5 per cent. sodium hydroxide solution, 
and the mixture allowed to stand for about four hours. The 
aqueous alkaline solution was then separated from the oily layer, 
and an estimation of the phenols present, based on the diminution 
in volume which the oil had sustained, indicated a phenol content of 
82:5 per cent. It was found, however, that even after this treatment 
some carvacrol remained dissolved in the oily portion; this was 
removed by a further treatment with sodium hydroxide solution, and 
amounted to an additional 1°5 per cent., bringing the total phenolic 
content up to 84 per cent. The phenols were subsequently liberated 
from the alkaline solution by acidifying with dilute sulphuric acid. 
The oil was thus separated into (a) phenolic portion, and (6) non- 
phenolic portion. 

Identification of Carvacrol.—The aqueous alkaline extract on treat- 
ment with sulphuric acid yielded a golden-brown oil; this was 
washed, first with sodium carbonate solution, then with water, and 
afterwards distilled at atmospheric pressure. . A little water first 
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passed over, but afterwards the temperature rapidly rose to 235°, and 
practically the whole of the remaining liquid distilled at 235—237°. 
The boiling point of pure carvacrol is 236°, whereas that of thymol 
is 230°. Analysis of the oil (b. p. 235—237°) yielded the following 
results : 

0:1747 gave 0:5105 CO, and 0°1442 H,O. C=79:9; H=9-2. 

C,,H,,0 requires C=80°0 ; H=9°3 per cent. 

The specific gravity at 15°/15° was found to be 0°9810. On dis- 
solving a little of the oil in alcohol and adding a drop of ferric 
chloride solution, the green coloration characteristic of carvacrol was 
observed. The nitroso-derivative was prepared by treating a solution 


of the phenol in alcohol (previously saturated in the cold with hydrogen 


chloride) with a concentrated aqueous solution of sodium nitrite (Klages, 
Ber., 1899, 32, 1578). The yellow, crystalline compound obtained 
melted at 153—154°, and was identical with nitrosocarvacrol (Wallach, 
Ber., 1892, 25, 1663). The nitroso-compound of thymol melts at 
161—162°. ‘The phenylcarbamic ester was also prepared by the action 
of phenyl cyanate on the phenol in the presence of a little aluminium 
chloride (Goldschmidt, Ber., 1893, 26, 2086). It crystallised from 
dilute methyl alcohol in colourless, needle-shaped crystals, melting at 
140°, and identical with those obtained from pure carvacrol. 

There can, therefore, be no doubt that the phenolic portion of the 
oil consists almost entirely of carvacrol. Indications were, however, 
observed of the presence of a small quantity of another phenol. If 
the alkaline solution, containing the sodium salt of carvacrol, is shaken 
with ether, all the carvacrol can be extracted. When no more phenol 
is yielded to the ether, it is possible, by acidifying the aqueous liquid, 
to obtain a small quantity of another phenol, which differs from 
carvacrol in that, in alcoholic solution, it gives a beautiful purple 
coloration with ferric chloride. It possesses a pleasant odour similar 
to that of wood creosote, and is a brown, viscous liquid having a 
tendency to solidify : 

0°1320 gave 0°3580 CO, and 0:1020 H,O. C=73:9; H=8°6. 

C,,H,,0, requires C = 73°3 ; H =8°9 per cent. 

Its properties are-consistent with the idea that it is possibly a 
hydroxymethoxycymene, but the small quantity obtained (0°4 gram) 
did not allow of further confirmation. 

Examination of the Non-phenolic Portion.—As the odour of the 
original oil is markedly different from that of pure carvacrol, it was 
considered of importance to examine more closely the non-phenolic 
portion of the oil. The yield, however, is only about 16 per cent. of 
the total, so that it was necessary to work up a fairly large quantity 
of the oil, the phenolic portion being removed. by the process already 
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described. The oil remaining was then subjected to distillation under 
reduced pressure, and thus roughly separated into three fractions. The 
first fraction, boiling below 80°/15 mm., was distilled from a water-bath, 
and afterwards a metal-bath was used. The three fractions were: 

(1) Fraction boiling below 80°/15 mm. ' 

(2) » » at 80—125°/15 mm. 

(3) 99 » above 125°/15 mm. 

These were examined separately. The first was dextrorotatory 
and consisted almost entirely of hydrocarbons ; its examination forms 
the chief part of the present communication. The second portion also 
contained some hydrocarbons, which on redistillation boiled below 
80°/15 mm., but consisted principally of a lwvorotatory terpineol-like 
compound ; the third fraction contained high boiling oxygenated com- 
pounds, which have not yet been fully investigated. 

Fraction boiling below 80°/15 mm.—On redistillation, this portion 
was first separated into two fractions, boiling respectively at 65—69°/ 
15—20 mm. and 69—80°/15—20 mm. The first of these distillates 
was further fractionated at atmospheric pressure (750 mm), and a 
portion boiling fairly constantly at 160—164°/750 mm. was finally 
obtained. On analysis: 

01880 gave 0°6060 CO, and 0°1950 H,O. C=87'9; H=11°5. 

C,,H,, requires C = 88:2 ; H=11°8 per cent. 

As it was apparently not quite free from oxygen, the liquid was 
redistilled over sodium and analysed at once. ‘The numbers then 
obtained were found to agree well with the formula C,,H,,: 

0°1590 gave 0°5150 CO, and 0:1665 H,O. C=883; H=11°6. 

C,,H,, requires C= 88-2; H=11°8 per cent. 

This liquid appears to consist of a hydrocarbon in a fairly pure state. 
Pending further investigation of its constitution, the name “ origanene”’ 
is proposed for it. This hydrocarbon is a colourless, refractive liquid 
of sp. gr. 0°847 at 16°. It possesses a characteristic odour, somewhat 
lemon-like, but quite distinct from the odour of cymene or limonene. 
As obtained by distillation, it had a slight optical activity, giving a 
rotation of + 1°50’ in a l-dem. tube. A determination of the refractive 
index gave np = 1°480. 


Derivatives of Origanene. 


Nitroso-chloride, C,,H,,,NOCl.—For the preparation of the nitroso- 
chloride, the hydrocarbon (3 c.c.) was dissolved in methyl alcohol and 
a few drops of acetic acid were added. Amy] nitrite (4 c.c.) was then 
added, and, after cooling to — 10° in a freezing mixture, hydrochloric 
acid (2c.c.) was dropped in gradually, the liquid being constantly 
shaken. The nitroso-chloride separated at once in colourless, needle- 
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shaped crystals. More methyl alcohol was now added, and, after allow- 
ing the flask to remain in the freezing mixture for twenty minutes, the 
crystals were collected, well washed with methyl alcohol, and dried on 
a porous plate, 

The nitroso-chloride is not a very stable compound, it decomposes at 
once on heating in alcoholic solution, and on standing alone for a few 
days becomes coloured. Its melting point, which is also a decomposi- 
tion point, lies between 91° and 94°, depending on the speed of heating. 
At this point it decomposes violently, leaving a dark red liquid in the 
tube. Owing to this liability to decompose, it is difficult to obtain the 
compound sufficiently pure for analysis : 


0°1600 gave 0°1060 AgCl. Cl=16:4. 

C,,H,,ONCl requires Cl= 17-6 per cent. 

The nitrolbenzylamine, C,,)H,,(:NOH)-NH°‘C,H,.—This is formed 
when the nitroso-chloride is dissolved or suspended in ethyl alcohol and a 
slight excess of benzylamine is added. The reaction takes place almost 
at once, but it is advisable to warm the mixture in the water-bath and 
allow it to stand for a short time. On adding water, the crystalline 
nitrolbenzylamine is precipitated in small, well-defined prisms. After 


recrystallising from dilute methyl alcohol, the melting point was 
104—105°; 


0°1820 gave 0°4980 CO, and 0°1480 H,O. C=74:63; H=9-0. 
C,,H,,ON, requires C=75°0 ; H=8°8 per cent. 

The nitrolpiperidide, C,,H,;(:NOH)*N:C,H,,, was obtained in the 
same way from the nitroso-chioride by using piperidine in place of 
benzylamine. It crystallises from methyl alcohol, ethyl alcohol, or 
ethyl acetate in long, colourless, prismatic needles melting at 198°: 

0:2360 gave 23:0 c.c. of nitrogen at 779 mm. and 18°, N=11°5. 

C,;H,,ON, requires N = 11-2 per cent. 

The hydrochloride.—The hydrocarbon forms only a mouohydrohalide 
compound, For the preparation of the hydrochloride, the terpene 
(3 grams) was mixed with glacial acetic acid, and, after cooling in a 
freezing mixture, dry hydrogen chloride was passed into the solution 
for thirty minutes. The liquid, which had then become slightly pink, 
was allowed to stand for an hour, water was then added, and the 
mixture well shaken, when an oily liquid separated ; this was washed 
with more water, then with very dilute sodium carbonate solution, and 
dried over calcium chloride : 

0°3730 gave 0°3050 AgCl. Cl= 20-24. 

C,,H,,Cl requires Cl = 20°58 per cent. 

The hydrochloride is a colourless oil with a pleasant odour. Its 

specific gravity at 18° is 0-992. 
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The dibromide.—For the preparation of the dibromide, origanene 
(2 cc.) was-mixed with chloroform (4 c.c.) and cooled in a freezing 
mixture. Bromine in chloroform solution (1 ¢.c. = 1 gram Br) was then 
added drop by drop until the brown colour of the liquid was permanent. 
At this point hydrogen bromide began to be evolved. Two c.c. of the 
bromine solution had been added, equivalent to 2 grams of bromine. 
On calculation this was found to be almost exactly the quantity of 
bromine required for the formation of the dibromide C,,H,,Br, A 
current of dry air was then passed through the solution to remove the 
chloroform, and the liquid remaining was left in a vacuum desiccator 
for a short time. 

The dibromide obtained in this way was an oily, deep yellow liquid 
having an odour resembling that of turpentine. It is apparently not 
very stable, for on standing in the open air it becomes dark coloured. 

Attempts to obtain a crystalline nitrosite of origanene, such as is 
formed in the case of the phellandrenes and terpinene, were un- 
successful. 

The hydrobromide.— With the object of obtaining if possible a dihydro- 

halide derivative of origanene, the hydrocarbon was submitted to the 
action of hydrogen bromide under conditions which might be expected 
to cause the rupture of a bridged ring, if such were present in the 
molecule. To the terpene (2 c.c.) a considerable excess of an acetic 
acid solution of hydrogen bromide (saturated at 0°) was added. 
' The mixture was allowed to remain in the cold for a day, and it was 
afterwards heated in a sealed tube to 130° for two hours, Even in 
these circumstances, however, only 1 molecule of hydrogen bromide 
could be made to combine with the C,,H,, molecule. After washing 
the product free from acids and drying over calcium chloride, it was 
obtained as a yellow, oily liquid, somewhat denser than water : 

0°2800 gave 0:2440 AgBr. Br=37°1. 

C,,H,,Br requires Br = 3€°9 per cent. 


Treatment of Origanene with Dilute Sulphuric Acid. Production of 
Terpin Hydrate. 


The hydrocarbon (5 c.c.) was mixed with a 5 per cent. aqueous 
solution of sulphuric acid (750 c.c.), and shaken at intervals for 
several days. On opening the bottle, the original odour of the terpene 
had disappeared, and the contents had acquired a somewhat cineol- 
like odour. A quantity of oil remained undissolved, and this was 
first separated; the aqueous solution was then saturated with 
ammonium sulphate, and extracted several times with ether. After 
the evaporation of the ethereal solution, a residue remained which 
became solid on cooling. On recrystallisation, the greater part 
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separated in colourless, prismatic crystals, which melted at 118—119° 
and gave off water at this point. This substance was found to be 
terpin hydrate, and on treatment with concentrated hydriodic acid the 
characteristic dipentene dihydriodide, m. p. 79—80°, was produced. 
From the mother liquor of the crystallisation, another set of 
crystals was obtained, evidently a mixture, and by treating this 
with ether and rapidly pouring off the solvent a partial separation 
was effected. This solution yielded a small quantity of crystalline 
material melting indefinitely between 126° and 131° without evolution 
of water. The quantity obtained was too small for characterisation. 


Action of Alcoholic Potash on Origanene Dibromide. Production of 
p-Cymene. 


For this experiment, the dibromide was prepared by dissolving 
the hydrocarbon in acetic acid, and, after cooling in a freezing 
mixture, adding bromine (in acetic acid solution) slowly until the 
brown colour was permanent. The acetic acid was then removed by 
washing with water, and the dibromide thus obtained was a pale 
yellow, heavy oil. 

The liquid dibromide (12 .c.) was placed in a flask, fitted with 
a condenser tube, together with a considerable excess of alcoholic 
potash, and heated on the water-bath for an hour. Potassium 
bromide separated almost immediately, and during the boiling the 
liquid became dark brown. On removing from the water-bath, much 
water was added, and the oily portion, which separated on standing, 
was run off and dissolved in ether. The solution was washed, dried, 
the ether evaporated, and the remaining oil was distilled in steam. 
The first portion to pass over was a colourless oil, lighter than water, 
having the odour of cymene. This constituted about 50 per cent. of 
the oil, and passed over in the first few minutes of the distillation. 
A quantity of dark-coloured, heavy oil remained in the flask, and 
this distilled much more slowly. 

The light oil was redistilled, and was found to boil almost entirely 
between 173° and 176°. On adding a few drops of bromine in acetic 
acid to a portion of the liquid, it acquired at once a permanent brown 
colour, indicating a saturated condition. On analysis: 

0°1250 gave 0:1190 H,O. H=10°5. 

01665 ,, 0:1600H,0. H=10°6. 

C,,H,, requires 10°45 per cent. 

The hydrocarbon was dissolved in concentrated sulphuric acid and 
heated on the water-bath at 90° for a few minutes, the product was 
poured into water, neutralised with barium hydroxide, and the mixture 
then heated to boiling and filtered while hot. The aqueous filtrate 
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was evaporated, and the residue obtained, after recrystallising from 
alcohol, consisted of the shining, leafy crystals characteristic of the 
barium salt of y-cymenesulphonic acid. This salt has the composition 
(C,oH,,0,S),Ba,3H,O. It was heated in the air-oven at 110° until 
anhydrous, and then analysed : 

0'3030 gave 0°1260 BaSO,. Ba= 24-4, 

C,,H,,0,8,Ba requires Ba = 243 per cent. 

Finally, the cymenesulphonic acid was obtained by decomposing the 
barium salt with sulphuric acid; it separated from dilute sulphuric 
acid, on evaporation, in plate-like crystals, melting at 50—51° and 
having the composition C,,H,,°SO,H,2H,0. 


Oxidation of Origanene with Hydrogen Peroxide. Production of 
Succinic Acid. 

The terpene (5 c.c.) was mixed with a 33 per cent. solution of 
hydrogen peroxide quite free from acid (the “‘ perhydrol”’ of Merck), 
and the mixture was shaken for some time in the cold and afterwards 
during heating on the water-bath. After about one hour, the solution, 
which had become acid, was neutralised with potassium hydroxide and 
allowed to stand overnight. The contents of the flask were then 
found to have again become acid, and, after further neutralisation, the 
aqueous layer was separated and evaporated to a small bulk. The 
liquid was then acidified, and a current of steam was passed through 
to remove the volatile acids. The remaining portion was again 
evaporated almost to dryness, and extracted several times with ether. 
This ethereal solution, on evaporation, yielded an oil which soon 
deposited crystals, and, after standing for two days, the crystalline 
portion was dried on a porous plate and recrystallised from water. 
It then melted at 184—185°, and possessed the crystalline form and 
characteristic bitter taste of succinic acid. On mixing a little with 
pure succinic acid, the melting point was not altered. A small quantity 
of the acid was heated in a test-tube with a large excess of acetic 
anhydride for ten minutes. Most of the acetic anhydride was then 
evaporated, and the remaining liquid was allowed to remain over 
potash in a vacuum desiccator for a day. The residue was then 
found to consist of needle-shaped crystals melting, without further 
purification, at 119°. The melting point of succinic anhydride is 
119—120°. On adding a few drops of water and heating to dryness 
on the water-bath, succinic acid, m. p. 184—185°, was again formed. 

Previous to the employment of hydrogen peroxide as the oxidising 
agent, nitric acid and potassium permanganate had been tried, but 
the oxidation products obtained did not provide the conclusive evidence 
required. The nitric acid oxidation’ yielded oxalic acid and a nitrated 
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product which could not easily be identified. Permanganate solution, 
on the other hand, gave oxalic, acetic, and isobutyric acids, and an 
uncrystallisable syrup. 


Examination of Fraction Boiling at 60—80°/15—20 mm. 


Identification of Cymene.—This fraction had a distinct odour of 
cymene, and, as this hydrocarbon had been previously recognised as a 
constituent of origanum oil, it was hoped that a separation would be 
possible simply by distillation. On analysing the various distillation 
products, however, the results obtained always indicated a mixture of 
compounds of the formule C,,H,, and C,,H,,. Moreover, the different 
fractions rapidly decolorised permanganate solution, and combined 
immediately with bromine even in the cold. The following is a 
typical analysis of the fraction boiling at 174—175°: 

0'1310 gave 0°4260 CO, and 0°1300 H,O. C=88'7; H=11-02. 

C,)H,, requires C=89°5 ; H=10'5, 
C,H,, »  OGO=882; H=11°8 per cent. 

A mixture containing equal parts of C,,H,, and C,,H,, would require 
C=88'8, H=11-2 per cent., which is very near the result actually 
obtained. 

Oxidation to p-Hydroxyisopropylbenzoic Acid.—For the identification 
of cymene, 2 grams of the above fraction were oxidised with potassium 
permanganate solution (12 grams in 330 c.c. of water) by heating the 
mixture on the water-bath until the colour of the permanganate had 
disappeared. The manganese dioxide was then removed, and the 
aqueous solution evaporated todryness. The potassium salts remaining 
were boiled with alcohol, which dissolves the salt of p-hydroxyisopropyl- 
benzoic acid, the solution filtered, evaporated to dryness, and the acid 
liberated with dilute sulphuric acid. In this way, p-hydroxyisopropyl- 
benzoic acid was obtained, which, after recrystallising from alcohol, 
melted at 156—157°. 

On boiling a portion of this acid for a few minutes with fairly 
concentrated hydrochloric acid, it was converted into isopropenylbenzoic 
acid. This was dried on a porous plate, crystallised from diluted ethyl 
alcohol, and was then found to melt, after previous darkening, at 
256—257°. 

As it is conceivable, however, that cymene might be produced from 
certain terpenes by oxidation, an attempt was made to isolate cymene 
by another process. The fraction boiling at 174—176° was mixed 
with glacial acetic acid and cooled in a freezing mixture. Dry 
hydrogen chloride was then passed through the liquid until it was 
saturated, the terpenes present being thus converted into the hydro- 
chlorides. After removing the free acids by washing several times 
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with water, the remaining liquid was carefully heated in a distilling 
flask under a pressure of 13 mm. A distillate was obtained which 
boiled between 70° and 80°/13 mm.; this was redistilled, and the 
lowest boiling fraction collected separately. This had the characteristic 
odour of cymene, and on analysis gave figures agreeing approximately 
with the formula C,,H,,. On oxidation, this also gave p-hydroxyiso- 
propylbenzoic acid (m. p. 155—156°) as in the former case. 

Presence of a Third Hydrocarbon.—It has been observed that it was 
found impossible, by distillation, to separate the cymene from a terpene 
fraction boiling about the same temperature. As this is from 10° to 
15° higher than the boiling point of origanene, the presence of a third 
hydrocarbon was suspected. The suspicion was confirmed on examining 
the product obtained by treating the cymene fraction with hydrochloric 
acid, for it was found that a considerable quantity of a dihydrochloride 
(C,,H,42HCl) had been formed. It has been shown that origanene 
forms only a monohydrochloride under the same conditions. Owing 
to the difficulty in separation, however, this third hydrocarbon has not 
been identified. It yields only oily halogen and hydrogen halide 
derivatives, and, although a striking blue colour is produced with amyl 
nitrite and hydrochloric acid, no solid nitroso-chloride separates out. 
It is readily attacked in the cold by Beckmann’s chromic acid mixture, 
and is therefore possibly a compound of the terpinene type. 


Fraction Boiling at 80—125°/10—15 mm. 


On redistilling this fraction, a considerable quantity of a liquid 
boiling below 80° was first obtained. This consisted mainly of hydro- 
carbons, and was added to the previous fraction. The remainder 
boiled for the most part at 110—120°/10—15 mm. It possessed a 
pleasant odour, reminiscent of menthol and camphor, and on cooling 
in a freezing mixture it became very viscous, but could not be made 
to solidify. The specific gravity at 14° was 0°934. 

The fraction was slightly levorotatory, giving a rotation of — 4°0 
in a l-dem. tube: 

0°1600 gave 0°4600 CO, and 0°1640 H,O. C=784; H=11°4. 

C,,)H,,0 requires C=77'9; H=11°7 per cent. 

The somewhat camphor-like odour suggested the possible presence 
of a ketone, but attempts to obtain a semicarbazone, phenylhydrazone, 
or oxime were unsuccessful. Previous to the analysis, the oil had 
been treated with alcoholic potash to test for the presence of esters, 
but a subsequent examination of the potash solution failed to reveal 
the presence of acids. 

Action of Phenyl Cyanate.—A small quantity of this fraction (2 c.c.) 
was mixed with an equal volume of phenyl cyanate and allowed to 
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stand, without heating, for two weeks. A slight pink colour had 
developed, and a crystalline solid had then separated, but the bulk of 
the mixture remained liquid even after a subsequent heating on the 
water-bath. The solid which had separated was found to be diphenyl- 
carbamide (m. p. 235°), produced by the phenyl cyanate abstracting 
the elements of water from the compound. No phenylearbamic ester 
was formed. 

Treatment with Phthalic Anhydride.—With the view of obtaining a 
phthalic acid ester of the compound, 2 c.c. of the above fraction were 
mixed with phthalic anhydride and a little benzene, and heated on the 
water-bath for two hours; the combination which had taken place 
was, however, almost negligible, as on treating the contents of the flask 
with cold sodium hydroxide solution, and afterwards titrating with 
sulphuric acid, almost all the phthalic anhydride was found to be 
present as phthalic acid. 

Action of Dilute Sulphuric Acid. Conversion into Terpin Hydrate.— 
A portion of the same fraction (5 c.c.) was mixed with benzene (2°5 c.c.) 
and shaken with 750 c.c. of 5 per cent. sulphuric acid for five days. 
At the end of this time, the oily liquid, consisting of benzene and a 
little of the original liquid which had remained unchanged, was 
separated, and the acid aqueous portion was then saturated with 
ammonium sulphate and extracted several times with ether. The 
ethereal extract was evaporated to a small bulk and allowed to cool. 
Prismatic crystals soon separated, which melted at 117—118°. They 
were identical in crystalline form with terpin hydrate, and on mixing 
the two together no lowering in melting point was observed. 

A quantity of this crystalline material was shaken for a few 
minutes with concentrated hydriodic acid (sp. gr. 1:94). A solid 
compound was at once formed, which after recrystallisation from light 
petroleum melted at 79—80°, the correct melting point of dipentene 
dihydriodide. 

The original oil (fraction 110—120°/10—15 mm.) on treatment 
with hydriodic acid does not yield a solid dihydriodide. This fraction 
would thus seem to consist of a terpene alcohol similar to, although 
not identical with, terpineol. 


Portion Boiling above 125°/10—15 mm. 


The higher boiling fraction (above 125°/10—15 mm.) is a viscous, 
highly-coloured liquid, the odour of which is quite different from that 
of the preceding fraction. It is apparently a mixture of oxygenated 
compounds, but up to the present no single substance has been 
obtained from it in a condition sufficiently pure for characterisation, 
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It contains no methoxy- or ethoxy-compounds, and esters, if present at 
all, form only a very small proportion of this fraction. 


Summary of Constituents. 


The constituents of the origanum oil of Cyprus may be summarised 
as follows : 


(1) Carvacrol, about 84°0 per cent. 
(2) A second phenol having a creosote-like odour, about... 0°2 

(3) Free acid, probably dsobutyric acid ........... cesssesseeee trace 
(4) Origanene, C,,H,,, about 2°5 
tak Sovenie }o. p. 170—180°, about 8°5 
(7) Terpene alcohols (b. p. 100—125°/10—15 mm.), about 3°5 
(8) Residue, boiling above 125°/10—15 mm., about......... 13 


” 


”” 
” 


” 
” 


In conclusion, the author wishes to acknowledge his indebtedness to 
Prof, W. R. Dunstan, Director of the Imperial Institute, in whose 
laboratory the investigation has been conducted, and also to 
Mr. B. J. Eaton, who made some of the original estimations and 
experiments on Cyprus origanum oil, 
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LXXXII.—The Molecular Compleaity of Amides in 


Various Solvents. 


By AnpREW Norman MELDRUM and WILLIAM Ernest STEPHEN TURNER, 


Tue theory of solution recognises that a solute may exist in three 
distinct conditions, namely, (1) in single molecules (the normal condi- 
tion), (2) in the ionised state, and (3) in associations of molecules. 
Numerous instances of each of these came under the notice of Raoult 
(Ann. Chim. Phys., 1884, [vi], 2, 66), but could not be rightly 
distinguished from one another until 1887, when the van’t Hoff- 
Avogadro hypothesis indicated which should be regarded as the 
normal state of things. It was then found that the phenomenon of 
association in solution was of common occurrence, 

As to the cause of the phenomena of dissociation and association, 
the theory of electricity indicates that there exists a close connexion 
between the dielectric constant of a solvent and the extent to which 
it allows of dissociation or association of the solute. This was first 
indicated by J. J. Thomson in a paper on the discharge of electricity 
through gases. He points out that “if the forces which hold the 
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molecule together are electrical in their origin, . ... these forces 
will be very much diminished.swhen the molecule . . . is surrounded 
by a substance like water possessing a very ‘large specific in- 
ductive capacity” (Phil, Mag., 1893, [v|, 36, 313), So much 
for electrolytic dissociation. On the other hand, it is obvious that in 
the case of a solute the molecules of which tend to associate, this 
tendency may have free play in a solvent of low specific inductive 
capacity, and may be hindered by a solvent the specific inductive cap- 
acity of which is high, This corollary to Thomson’s proposition is due to 
Nernst, who says, “ Wir werden erwarten kénnen, dass Lisungsmittel 
um so stirker Doppelmoleciile zu spalten vermégen, d.h. eine um so 
grossere dissocierende Kraft besitzen, je grésser ihre D. E. ist. Dies 
bestiatigt sich vollkommen, . . .” (Zeitsch. physikal. Chem., 1894, 13, 
535). 

The early work of Raoult was variously corrected and confirmed 
and extended by Beckmann (Ber., 1888, 21, 766, 1163; Zeitsch. 
physikal. Chem., 1888, 2, 715) and Paternd (Ber,, 1888, 21, 3178; 
1889, 22, 1430; Gazzetta, 1889, 19, 640), This work is usually 
summarised in the statement that phenols, alcohols, carboxylic acids, 
and oximes, that is, hydroxylic substances, are associated in benzene 
solution.* 

Much of the subsequent work in the field of molecular association in 
solution has been done under the direction of Auwers. In the course 
of this work, observations on acetanilide and certain urethanes having 
shown that these substances are associated in benzene solution (Auwers 
and Ewing, Zeitsch. physikal. Chem., 1893, 12, 689), a special study of 
the amides was made by Auwers in conjunction with Phul (Joc. cit., 
1894, 15, 33), Pelzer (/oc. cit., 1897, 23, 449) and Dohrn (Joc. cit., 1899, 
30, 529). The phenols had been shown to possess a strong tendency 
to association in hydrocarbon solution, and now the amides were found 
to be cryoscopically abnormal in even a higher degree than the phenols. 

This resemblance between the phenols and the amides leads naturally 
to a consideration of their chemical constitution. The tendency of the 
alcohols and phenols to molecular association being ascribed to the 
presence in these substances of the hydroxyl group, one must doubtless 
ascribe the same tendency in the amides to the hydroxyl group again. 
So Auwers reasoned in 1893. 

The conjecture that the amides by constitution are hydroxylic com- 
pounds, moreover, fell in with the tendencies of organic chemistry. So 
long ago as 1868, Wanklyn and Gamgee (Journ. Chem. Soc., 21, 31) 
had said in advocating for carbamide the constitutional formula 
NH:C(NH,)-OH, “ this formula is not new.’ For thiocarbamide, 

* Asa matter of fact, numerous exceptions to this statement are to be found in 
Paternd’s work. 
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Rathke (Ber., 1881, 14, 1776) was the first to suggest the formula 
NH:C(NH,)SH. In 1890, Tafel and Enoch (Ber., 23, 103) suggested 
that benzamide has the constitution NH:CPh*OH and not NH,°COPh, 
because of the ease with which they were able to obtain from it 
Pinner’s benziminoethy! ether, NH:CPh-OEt. 


In Auwers’ series of researches, the solvent was always a hydrocarbon. 

Beginning with the observation that benzamide is associated when 
dissolved in water, we have studied the molecular complexity of the 
amides in a variety of solvents. In this way, we have obtained much 
information that we did not expect, and could not have obtained had 
we confined our work to one class of solvent. 

On beginning this work, we had to decide which of the several 
molecular weight methods to adopt, and then which of the various 
forms of apparatus to use. The freezing-point method, which admittedly 
gives more accurate values than the boiling-point method, would have 
meant a far too restricted choice of solvents and of amides for our pur- 
poses. Auwers, who used the freezing-point method, confined himself 
to one solvent throughout a research. In the earlier researches, 
benzene was used, but this was abandoned later in favour of naphtha- 
lene, so as to avoid the poor solvent power of benzene at its freezing 
point. We decided to use the boiling-point method, and were thereby 
enabled to include ethyl alcohol among the solvents studied, and 
among the amides many which are sparingly soluble in water at 0°. 
As it turned out, these are two important advantages. 

For a preliminary survey of the field, we used the modification of 
Landsberger’s apparatus introduced by Walker and Lumsden (Trans., 
1898, 73, 502). We next used the Beckmann apparatus ; in this case 
the process is slow, a disadvantage in itself, and one which leads to 
other disadvantages. There may be a loss of solvent by diffusion of 
vapour, and when the solvent is water there are special difficulties. The 
tendency to superheating is greater than with any other solvent, and 
the elevation of boiling point smaller, so that the effect of superheating 
is more dangerous. Further, in the course of a protracted experiment, 
alkali may be dissolved from the glass vessel, and hydrolysis of the 
amide may go on. 

The Lumsden-Walker process has the cardinal virtue of being 
expeditious, so that it almost avoids the difficulties which beset the 
Beckmann process. Moreover, as the work advanced, we found that 
the apparatus could be used for the purpose of more accurate work 
than the devisers of it had believed. They say, expressly, that their 
method is adapted for obtaining values easily and rapidly in the course 
of ordinary organic and inorganic research work, but not for obtaining 
accurate values for physico-chemical purposes (loc. cit., p. 503). 
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The poesible sources of error in the Lumsden-Walker method are 
three: (1) The process may be regarded as consisting of the distilla- 
tion of a liquid. Fractionation goes on, so that if the liquid is impure, 
for this reason alone the boiling point rises, an error which we avoided, 
so far as our experiments required, by careful purification of the 
solvent. 

(2) Usually, the amount of the solvent is determined by weighing. 
In the Lumsden-Walker apparatus the volume of the solution is 
measured, and taken to be proportional to the solvent. This procedure, 
which is due in principle to Arrhenius (Zeitsch. physikal. Chem., 1888, 
2, 493), and which has been followed recently by Price (Trans., 1907, 
91, 531) and by Blackman (Proc., 1906, 22, 175; J. Physical Chem., 
1907, 11, 681), involves the assumption that the volume change 
which accompanies the process of solution is negligible. Expansion 
during solution, which as a matter of fact often occurs, means that 
the quantity of solvent is somewhat overestimated by the volume 
method, and this again means that the molecular weight of the solute 
is found too low. A-comparison between the two methods instituted 
by Beckmann (Zettsch. physikal. Chem., 1881, 2, 736) showed that they 
do not lead to quite the same result, the volume method giving lower 
results than the other, especially at higher concentrations of the 
solution, and such is our experience, also, in carrying out experiments 
by the two methods side by side. 

It is by no means certain, according to the ordinary solution theory, 
that the results of the weight method are right, and those of the 
volume method wrong. Beckmann was careful not to decide between 
the two (loc. cit., p. 740). Expansion during solution has a con- 
sequence besides the one already mentioned. It involves a diminution 
of the concentration of the solution, and at the same time presumably 
« diminution both of the osmotic pressure and of the boiling-point 
elevation. Finally, if the elevation of the boiling point is too small, 
the molecular weight is found too large, and this error has free play 
in the weight method, whilst in the volume method it is compensated 
for, more or less, by the other error, which is in the opposite direction. 

Morse and Frazer (Amer. Chem. J., 1905, 34, 1) have measured the 
osmotic pressure of solutions of sucrose in water, and in that connexion 
have specially considered the effect of volume changes. They say (oc. 
cit., p. 92), “cane sugar in solution exerts an osmotic pressure through- 
out the larger volume of the solution equal to that which, as a gas, it 
would: exert if confined to the smaller volume of the pure solvent.” 
If this view, which involves aconsiderable modification of the ordinary 
solution theory, is true for solutions in general, then the weight method 
is undoubtedly superior to the other. 

Actually, there is not much difference between the molecular weights 
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furnished by the two methods when the solutions are dilute, and this 
condition is fulfilled wherever in our paper we compare the extent of 
association of different amides. Further, from Lumsden’s results 
(Trans., 1907, 91, 32), it would appear that the molecular volume of a 
particular substance in different solvents does not vary enough to be 
appreciable in molecular-weight determinations. 

(3) The main source of error was pointed out by Walker and 
Lumsden. When the volume of liquid in the vessel is great, the 
pressure at the bottom of the vessel is greater than when the volume 
is small, and consequently the observed boiling point is higher in the 
first case than in the second, and this even when the solvent alone is 
present. So great is the effect in the case of carbon disulphide, they 
say, as to preclude the use of that solvent. 

We therefore determined by experiment the elevation of boiling 
point of each of our solvents corresponding with a certain increase in 
the column of liquid, and the data thus obtained * have been used 
throughout this paper so as to correct the boiling points of solutions 
for the error in question. 

Although in this work we have used the Lumsden- Walker apparatus, 
and that in its original form,? we have carried out some comparative 
experiments, in which the volume and the weight of the solution were 
measured. The boiling tube, corked to prevent evaporation of the 
solvent, need be weighed only to the nearest centigram, and the special 
correction introduced by us (together with a correction for any 
variation in the barometer) allows of what Landsberger did not 
attempt, namely, a series of readings at different dilutions, The 
process is speedy, and we believe that it avoids the disadvantages of 
the Beckmann process without loss of accuracy, 

The Beckmann thermometer is somewhat inconvenient for use in 
the Lumsden- Walker apparatus, because it occupies too much space in 
the boiling tube, and causes excessive frothing of the liquid. We 
used the Landsberger set of thermometers, the scales of which are 
divided into 0°05°, and can be read to 0°005°. 

* The data were obtained by experiments with the solvents only, and not with 
the solutions. The thermometer and delivery tube were removed before the height 
of the liquid column was read, so that the correction per centimetre of liquid is 
obviously different when a thermometer, or a delivery tube, or a boiling tube of 


different diameter from ours is used. In this paper, we quote the data chiefly as an 
indication of the amount of the error in question : 


Elevation of b. p. Elevation of b. p. 
Solvent. per 2 mm. of liquid. Solvent. per 2 mm. of liquid. 


Chloroform........... 


+ Numerous modifications of the original apparatus have been introduced, not all 
of them improvements. 
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EXPERIMENTAL. 


Materials,—The acetamide (m. p. 79—80°),* benzamide, salicylamide 
(m. p. 138°), and benzanilide (m. p. 160°) were obtained from 
Kahlbaum, the carbamide (m. p. 132°) from Schuchardt, and the 
trichlorolactamide from Merck. Monochloroacetamide (m. p. 119°), 
dichloroacetamide (m. p. 99°5°, usually given as 96° or 98°), trichloro- 
acetamide (m. p. 140°), and malonamide (m. p. 168°) were prepared 
by us from ammonia and the corresponding ester. 

The benzamide was crystallised twice from water and once from 
benzene. Two specimens from Kahlbaum and two specimens prepared 
by us melted at 126° and not 128°, the melting point usually 
given. 

The alcohol, acetone, benzene, chloroform, and ether were fairly 

pure. Each solvent was dried very carefully and then fractionated, 
using the Young pear still-head. In the case of a number of fractions, 
the boiling point was constant within 0°005°. No fraction was used 
of which the boiling-point range was more than 0°02°, except in the 
case of two small samples of chloroform, where the range was 0°03°, 
and these were used for experiments in which the elevation of boiling 
point was large. 
_ The following solvent constants are calculated from the weight- 
constants given by Beckmann, Fuchs, and Gerhardt (Zeitsch. physikal. 
Chem., 1895, 18, 473), and the specific gravities of the solvents at 
the boiling points given by Beckmann (Zeitsch. physikal. Chem., 1890, 
6, 412): 


Alcohol 
Benzene 


In the following tables V denotes volume of solution in c¢.c. 
A, elevation of boiling point (cor- 
rected). 
N number of milligram molecules 
of solute per 100 c.c. of solution. 
M _ ,, molecular weight in solution. 


M is calculated from the equation 


volume constant x weight of solute 
a Vxa , 


M 


* The melting points were all determined in the same way, with the thermometer 
bulb at the centre of a long-necked glass bulb containing sulphuric acid. 
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Solvent— Benzene. 


V. A. N. M. Fa A. N. M. 
| 


Benzamide (M.W.=121), 0°716 gram. 


21°4 0°590 
31°4 0°440 
37°7 0°375 
48°6 0°300 


Acetanilide (M.W. = 135), 2°232 grams. 


32°4 0°930 
35°9 0°865 
39°65 0°815 
44°2 0°745 


27°6 
18°8 
15°7 
12°2 


51°0 
46°0 
41°7 
37°4 


181 
166 
162 
157 


237 
230 
221 
217 


Monochloroacetamide (M.W.=93°5), 
0°322 gram. 

15°0 
1231 
7 


2 
9: 


23°0 0°350 
28°4 0°280 
35°4 0220 


128 
130 
132 


Trichloroacetamide (M.W.=162°5), 
2°930 grams. 


1°415 
1°265 
1°165 
1°060 


V. A. 


Benzamide (M.W. =121), 1°435 grams. 


22°1 1°055 
25°0 0:970 
28°5 0°865 
33°1 0°760 


Acetanilide (M.W. =135), 1°706 grams. 


23°6 1°080 
26°1 1°005 
31°1 0°860 
35°7 0°755 
39°4 0°695 


Acetamide (M.W. =59), 1°710 grams. 


124°0 
102°8 


23°4 1°690 
23°2 1°565 
34°7 1°340 
39°6 1170 
44°3 1°075 


61°3 
54°4 
49-0 
44°3 


N. 


53°6 
47°5 
41°6 
35°8 


53°5 
48°3 
40°6 
35°4 
321 


83°6 
73°1 
65°4 


225 
224 
219 
217 


M. 


157 
151 
148 
145 


171 
166 
163 
161 
158 


110 
99 
94 
94 
91 


35°0 


23°95 


30°4 
35°4 
43°4 


0°560 


23°0 


0°685 gram. 


0°525 
0°420 
0°380 
0°315 


21°6 
16°5 
14°1 
11°5 


| Salicylamide (M.W.=137), 1°100 grams, 


180 


174 
172 
163 
160 


Benzanilide (M.W.=197), 0°762 gram. 


19°3 
26°6 
34°4 


0°570 
0°420 
0°330 


20°0 
14°5 
11°2 


222 
218 
215 


Dichloroacetamide (M.W.=128), 
1°550 grams. 


28°9 
82°8 
36°2 
41°0 


0°915 
0°835 
0°765 
0°680 


41°9 
36°9 
33°4 
29°5 


187 
181 
179 
178 


Trichlorolactamid: (M.W.=192°5), 
1°190 grams. 


23°4 
28°0 
83°6 
42°0 


Solvent-—Chloroform. 


V. 


24°0 
27°4 
32°9 
38°5 


0°570 
0-490 
0-430 
0-360 


A. 


0°420 
0°370 
0°320 
0°265 


26°4 
22°1 
18°4 
14°7 


N. 


180 
15°7 
13°1 
11°2 


286 
277 
264 
252 


M. 


Salicylamide (M.W.=187), 0°591 gram. 


149 
149 
143°5 
148 


Benzanilide (M.W.=197), 1°761 grams, 


22°8 
26°0 
30°0 
37°3 


0°965 
0°865 
0°740 
0°585 


39 2 
34°3 
29 8 
24°0 


205°5 
201 
203 
207 


Monochloroacetamide (M.W. =93'5), 
0°699 gram. 


0°685 
0°615 
0°530 
0°470 
0°415 


32°6 
28°5 
24°3 
21°4 
18°5 


113°5, 
110 
109 
109 
106 


V. 


OF AMIDES IN VARIOUS SOLVENTS. 


Solvent—Chloroform (continued). 


A. N. M. 


Acetamide (M.W. =59), 0°590 gram. 


19°6 
25°0 
29°3 
33°6 


0°935 
0°765 
0°680 
0°605 


51°1 
40°0 
34°1 
29°8 


Trichloroacetamide (M.W. =162°5), 


20°0 
22°9 
28°5 
331 


¥. 


Salicylamide (M.W. =137), 0°463 gram. 


21°3 
22°8 
24°8 
26°4 
31°8 
33°6 


1°953 grams. 


1°175 60°0 211 
1085 52°5 201 
0°895 42°0 195 
0°785 36°3 191°5 


V. A. 


N. M. 


Dichloroacetamide (M.W.=128), . 


1°448 
1000 
0°880 
0°785 
0°705 


21°7 
25°9 
29°4 
33°9 


grams. 


51°8 169 
43°5 161 
38°3 159 
33°3 154 


Trichlorolactamide (M.W.=192°5), 


1°145 


0°590 
0°515 
0°460 
0°425 
0°305 


18°2 
22°5 
26°9 
31°6 
45°4 


Solvent— Ether. 


A. N. M. 


0°455° 
0°425 
0°390 
9°365 
0°305 
0°290 


159 148 
14°8 148 
13°7 149 
12°8 149 
10°6 148 
10°1 147°5 


Dichloroacetamide (M.W. = 128), 


21°1 
22°2 
23°7 
25°5 


1°166 grams. 


1°165 51°3 175 
0°995 42°7 170°5 
0°865 35°8 164 
0°705 28°8 162 


0°855 gram. 

0°790 31°7 159°5 
0°755 30°1 158 
0°720 28°2 156 
0°680 262 153 


Trichlorolactamide (M.W.=192'5), 


1°875 grams. 

1°015 61°3 360 
0°960 56°0 348 
0°780 42°5 825 
0°695 38°7 310 
0°605 29°6 292 


V. 4. 


grams. 


32°7 272 
26°4 251 
22°1 235°5 
18°8 217 
13°1 211 


N. M. 


Acetanilide (M.W. =135), 0°475 gram. 


23°6 
24°9 
28°6 
32°5 
34°3 


0°360 
0340 
0°295 
0°260 
0°250 


14°9 173 
14°1 173 
12°3 174 
10°8 174 
10°2 171 


Trichloroacctamide (M.W.=162'5), 


2°384 
1°955 
1°720 
1°530 
1°405 
1°285 


2°720 
1°295 
1°220 
1°185 


wrt 
on orn © 
oo co mH =7 


grams. 
74°5 192 
65°3 191 
57°9 190 
52°7 189 
47°6 186 


grams. 
47°9 186 


45°4 187 
43°5 185 
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Solvent—Acetone. 


V. . A. N. MW. . 


Benzamide (M.W. =121), 2°505 grams. 


21°1 2°060 98'2 131 
23°6 1°870 87°7 129 
26°9 1°660 76°8 127 
29°0 1°540 71°4 127 
31°9 1425 64°8 125 


1°814 grams. 


22°0 1°510 68°1 124 
26°6 1'270 56‘4 122 
32°8 1050 45°8 120 
38°4 0°890 39°1 121 
41°0 0°830 36°6 121 


Benzanilide (M.W.=197), 2°227 grams. 


26°2 1°020 43°2 189 
29°8 0°905 37°9 187 
33°4 0°820 33°9 185 
37°1 0°725 30°5 187 


Monochloroacetamide (M.W.=93°5), 
2°654 grams. 


29°5 2°075 96°3 99 
31°4 1°965 90°3 97°5 
336 1°855 84°5 97 
37°0 1°695 76°7 96 
40°2 1°575 70°6 95 


Trichloroacetamide (M.W.=162°5), 
2 804 grams. 
22°2 2°075 77°6 138 
24°4 1°905 70°6 137 
27°3 1°690 63°3 138 
29°9 1°520 57°7 140 
33°0 1°380 52°3 140 


Carbamide (M.W.=60), 0°247 gram. 


37°4 0°235 11°0 64 
39°6 0°225 10°4 63 
41°7 0°210 9°9 64 


} " A ’ N. MN. . 


Salicylamide (M.W.=187), 2°100 grams, 


24°5 1°690 62°5 115 
28°1 1°460 55°0 116 
$2°1 1°255 48°0 118 
350 1°145 44°0 119 
38°1 1°035 40°0 121 


Acetanilide (M.W.=135), 1°777 grams, 


23°4 1°410 56°3 122 
26°6 1235 49°5 123 
29°3 1°120 44°9 123 
33°0 1°005 89°9 122 
36°5 0°890 36°0 124 


Acetamide (M.W.=59), 2°226 grams, 


24°2 2°740 156°1 76 
29°3 2°370 = 128°6 73 
34°6 2°070 = 1091 71 
39°9 1°845 94°6 69 
42°1 1°745 89°5 69 


Dichloroacetamide (M.W.=128), 
1°768 grams. 


24°9 1°430 55°5 113 
27°2 1°295 50°8 114 
29°9 1170 46°2 115 
33°3 1°040 41°4 116 
37°0 0°930 37°3 117 


Trichlorolactamide (M.W. =192°'5), 
2°911 grams, 


23°0 1°600 65°7 179 
25°9 1°440 58°4 177 
29°1 1280 52°0 178 
32°3 1°150 46°8 178 
35°4 1°045 42°7 179 
38°8 0°935 39°0 182 


Solvent— Alcohol. 


V. A. N. M. 


Berzamide (M.W.=121), 1°240 grams. 


21°0 0°765 48°9 123 
24°6 0°645 41°6 124 
28°9 0°555 35°4 128 
32°3 0°515 31°7 118°5 
37°5 0°420 27°3 125 
42°4 0°370 24°2 126 


y, A. N. MN. 


| Salicylamide (M.W. =137), 1°542 grams. 


29°6 0°615 38°0 135 
32°6 0°555 34°6 135 
36°2 0°495 31°1 137 
421 0°430 26°8 136 
45°9 0°395 24°5 135 
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Solvent— Alcohol (continued). 


V. A. N. M. 
Acetanilide (M.W.=135), 2°384 grams, 
29°5 0980 59°9 131 
31°6 0°905 55°8 132 
34°8 0°845 50°7 129 
37°9 0°780 46°6 128 
41°5 0°705 42°6 130 
44°1 0°655 40°0 131 
Acetamide (M.W.=59), 1347 grams. 
25°4 1°570 97°6 58 
254 1450 900 58 
27°5 1°340 82°9 58 
805 1205 748 658 
85°7 0'995 63°9 60 
39°3 0910 58‘1 60 
Dichloroacetamide (M.W. =128), 
2°400 grams. 
26°5 1'190 70°7 121 
30°6 1°035 61°2 120°5 
33°1 0°955 56°6 121 
36°4 0°875 51°4 120 
38°3 0°815 49°6 122 
40°9 0-780 45'8 120 
Trichlorolactamide (M.W. =192°5), 
2°130 grams, 
24°5 0°775 46°1 178 
28°0 0°675 39°5 178°5 
31°6 0°600 35°0 179 
35°9 0°530 30°8 179 
410 0460 270 179 
Malonamide (M.W.=102), 0°400 gram. 
222 0240 176 119 
24°9 0°225 15°7 113°5 
29°6 0°200 13°3 108 
31°9 0°185 12°3 108 


V. A. N. M, 
Benzanilide (M.W.=197), 1°318 grams. 
29°6 0°385 22°6 185 
382'2 0°345 20°8 189 
85°3 0°320 18°9 185°5 

40°7 0°275 16°4 187 
45°1 0°250 14°8 186 


Monochloroacetamide (M.W.=93°'5), 
2'058 grams, 


27°2 1'250 80°9 96 
29°1 1'160 75°5 97 
82°0 1065 68°8 96 
85°1 0°985 62°8 95 
39°4 0°870 55°8 95 


Trichloroacetumide (M.W.=162°5), 
2°380 grams, 


86°3 0°675 40'3 154 
88°5 0°640 88°0 153'5 
40°6 0°605 36°1 154 
42°7 0°575 84°3 154 
45°5 0°535 82°2 155 


Carbamide (M.W.=60), 1°860 grams. 


Solvent— Water. 


V. A. N. M. 
Benzamide (M.W. =121), 2°720 grams. 
20°5 0°380 119°7 184 
24°2 0°335 92°9 177 
28°5 0°295 78°8 172 
82°3 0°265 69°6 169 
Acetanilide (M.W.=135), 1°897 grams. 
32°3 0°140 43°5 222 
33°4 0°150 42°0 201 
36°0 0°130 89°0 215 
0°7416 gram. 
18°5 0°105 29°7 202 


24°2 0°075 22°7 217 


29°6 1°445 104°7 69 
32°0 1°355 96°9 68 
34°4 1'275 90°1 67°5 
37°1 1°175 83°5 68 
40°3 1°110 76°9 66 
42°6 1°055 72°7 66 
V. A. N, M. 
Salicylamide (M.W. = 137), 2°873 grams. 
207 0-290 1013 253 
23°6 0:270 888 239 
29°8 0°235 70°4 217 
32°6 0°210 64'2 220 
Acetamide (M.W.=59), 2°716 grams. 
22°2 15125 «2071 89575 
24-4 1005 +1884 59 
268 0-910 1714 59 
291 0835 1579 59 
34-7 0675 «1826 = 42 
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Solvent— Water (continued). 


V. 4. N. M. V. A. N. M. 
Monochloroacetamide (M.W.=93°5), Dichloroacetamide (M.W. =128), 
2°813 grams. 1°800 grams. 
20° 0°735 146°1 985 | 190 0360 74:0 139 
23°0 0°655 130°6 99 22°8 0°280 §1°7 149 
26°0 0°575 = 115°6 100 26°3 0°240 53°5 152 
38°3 0°365 78°6 106 29°7 0°210 47°4 154 
Trichlorolactamide (M.W.=192°5), | 
2°805 grams. | Carbamide (M.W.=60), 2°709 grams. 
19°1 0°355 76°0 218 31°3 0750 143°9 61 
21°4 0°325 68°0 214 32°5 0°710 138°7 62 
24°2 0°285 60°0 214 34°8 0°680 1296 61 
26°5 0°270 55:0 208 36°8 0°645 122°8 61 


39°4 0600 114°5 61 

Malonamide (M.W.=102), 3°052 grams. 
22°8 0°765 131°2 92°5 
25°3 0°645 118°0 99 
26°7 0°595 111°9 101 
28°9 0°535 =: 103°5 105 
33°4 0°455 89°7 106 


Discussion of Results. 


The extent of the work with the eleven amides and the six solvents 
of which we had undertaken the study was determined chiefly by the 
solubility of the amides. For instance, boiling benzene dissolves so 
little acetamide that the consequent rise in boiling point is too small 
for accurate measurement. We have carried out measurements: (1) in 
all cases where the amide is soluble enough to cause a rise of about 
0°25° at least ; (2) for special reasons in two or three cases where the 
maximum rise was less than this. The poorest solvent is ether. 

The results have been confirmed by duplicate experiments, and 
where the results are abnormal, by repeated experiments. We thought 
it sufficient, in each case, to quote a single series of data. 

The discussion of results is divided into three sections: I. The 
action of the solvent in allowing or preventing association of the 
solute. II. The tendency of the amides to association. III. The 
constitution of the amides. , 


I. The Action of the Solvent in Allowing or Preventing Association 
of the Solute. 


In what follows, it being understood that the line between associa- 
tion and non-association is not always easy to draw, doubtful cases 
will be specially mentioned. As a rule we have assumed that an 
increase in the molecular weight of not less than 10 per cent. is 
an indication of association. 
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(1) Benzene: every amide investigated, unless perhaps benzanilide, 
is associated. 

(2) Ether: only salicylamide is unassociated. (The saturated 
solution of salicylamide, however, contains only 16 milligram-molecules 
per 100 c.c., and so weak a solution cannot be a good test of the 
tendency of the amide.) 

(3) Chloroform: only salicylamide and benzanilide are unasso- 
ciated. 

(4) Acetone: only acetamide is associated. 

(5) Alcohol: this solvent gives as nearly as possible simple 
molecules. Carbamide and malonamide show signs of association, but 
only to a small extent. 

(6) Water: acetamide,* monochloroacetamide, carbamide, and 
malonamide are unassociated ; trichlorolactamide is a doubtful case ; 
benzamide, salicylamide, acetanilide, and dichloroacetamide are asso- 
ciated. 

As one way of showing the bearing of these results on the Nernst- 
Thomson theory of association, the following table has been prepared. 
It consists (1) of a summary of our results ; (2) the dielectric constants 
of the solvents : 


Chioro- 
Solvent. Benzene. Ether. form. Acetone. Alcohol. Water. 
Number of amides investigated... 8 5 9 10 11 9 
pe - which form 
simple molecules 1 1 2 9 9 4 
doubtful and 1 
doubtful 
a i which yield 
associated molecules 7 4 7 1 2 4 
doubtful 


Dielectric constant of solvent ... 2°3at 4°4at 5at 25 at .26at 80at 
18° 18° 22° 20° 20° 17° 


A consideration of this table leads us to the conclusion that the 
action of the solvent, water excepted, in permitting, or preventing, 
association of the solute is connected with the dielectric constant in 
the way which the Nernst-Thomson theory predicts. The smaller 
the dielectric constant of the solvent the greater is the association of 
the solute. Ether, which is usually described as regards its effect on 
the solute as being non-associating, deserves particular notice. Our 
results show that, as theory predicts from the low dielectric constant, 
ether leads to association of the solute. 

In order to examine, as nearly as possible under comparable 
conditions, the action of benzene, ether, and chloroform in allowing 
association, the following method was adopted. 


* In the preliminary note on this work, acetamide was mentioned, by a mistake, 
as being associated in aqueous solution. 
VOL. XCIII. oN 
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The molecular weights and the association factors of as many 
amides as possible were calculated at a certain concentration of 
solution. This concentration should be fixed on, so that, whilst the 
elevation of the boiling point of the solution is large enough to admit 
of being accurately measured, the solution can still be regarded as 
“dilute,” and, further, so that what extrapolation is required is 
reduced to a minimum. The concentration fixed on as satisfying 
these requirements is 30 milligram-molecules per 100 c.c. (the 
molecular weight, of course, being the same as the formula weight). 
molecular weight in solution 

formula weight ; 


The association factor = 


Molecular weights in Association factors in 
Chloro- Chloro- 

Amide. Benzene. Ether. form. Benzene. Ether. form. 
Benzamide..... ......... 184 — 140 1°52 — 1°16 
Salicylamide ............ 186 148 148°5 1°36 1°08 1°08 
Acetanilide ............ 205 174 156 1°52 1°30 1°16 
Benzanilide ............ 228 —_ 201 1°17 — 1:0 
Acetamide ............... — — 75 — —_ 1°27 
Monochloroacetamide. 130 — 112 1°39 — 1°20 
Dichloroacetamide ... 178 160 150 1°39 1°25 1°17 
Trichloroacetamide ... 210 187 191 1°29 1°15 1°17 
Trichlorolactamide ... 294 292 261 1°52 1°52 1°35 


Walker (Jntroduction to Physical Chemistry, 1907, p. 204), in dis- 
cussing the connexion between the nature of the solvent and associa- 
tion of the solute, puts ether together with acetone, and throws these 
two solvents into contrast with “‘ benzene and chloroform, in which the 
tendency to association is considerable.” According to our figures, 
association is always greater in benzene than in chloroform. The 
figures for ether, limited as tliey are, show that association in ether 
tends to be less than in benzene, much the same as in chloroform, and 
much greater than in acetone. 

In accordance with the high dielectric constants of acetone and 
alcohol, association in these solvents is rare. The case of water as a 
solvent is remarkable. 

On the Nernst-Thomson theory, the dielectric constant of water 
(more than three times that of acetone or alcohol) should lead to the 
complete absence of association in aqueous solution, whilst actually 
four substances are found to be associated, namely, benzamide, 
salicylamide, acetanilide, and dichloroacetamide. These four are the 
only instances known to us of a substance having a mee molecular 
weight in water than in alcohol. 

We do not maintain that the data for acetanilide are very accurate, 
the small elevation of boiling point of the solution, consequent on the 
comparatively small solubility of the anilide, precludes this. Hence 
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there must be uncertainty as to the degree of association, but that 
there is association we have no doubt. 

Certain possibilities, other than association in water, a very rare 
occurrence, deserved to be noticed in passing. The amide may distil 
over with the steam, which would cause a gradual rise in molecular 
weight of somewhat the same kind as is actually found in the case 
of dichloroacetamide. 

An experiment instituted to test this point showed that dichloro- 
acetamide does not distil with steam, and is not decomposed by 
continuous boiling with water for forty minutes.* Again, the amide 
may undergo ionisation, or it may be hydrolysed, or it may combine 
with water without the occurrence of hydrolysis. The possibility of 
ionisation, as a matter of fact, is apparently negligible, since Hantzsch 
and Buchner (Ber., 1901, 34, 3147) found that the amides are very 
feeble electrolytes, and Fawsitt (Proc. Roy. Soc. Edin., 1904, 25, 60) de- 
clares that “ the non-conductivity of the amides in aqueous solution isa 
good criterion of their purity.” Again, Crocker (Trans., 1907, 91, 608), 
in the course of work on the hydrolysis of aliphatic amides, was led to 
think that an amide must combine with water before hydrolysis can 
proceed. Acetamide, for example, is hydrated thus: 

CH,°CO-NH,+H,O — CH,°CO-NH,-OH. 

Should any one of these possibilities be realised, the consequence 
would be an increase in the elevation of the boiling point, whilst 
association means a decrease. It is therefore impossible to explain in 
terms of ionisation (without or with hydrolysis), or of combination 
with water, the results which we adduce as proofs of association. 
Indeed, in so far as these phenomena occur, the effect due to association 
is masked, and the degree of association must be even greater than our 
figures show. 


Il. The Tendency of the Amides to Association. 


The Nernst-Thomson theory indicates that association which is 
considerable in amount in a solvent of low dielectric constant is 
diminished when the solvent has a high dielectricconstant. Inasmuch 
as certain substances which are not associated in alcohol solution are 
found to be associated in water, a substance of much higher dielectric 
constant, it is obvious that these cases do not come within the 
scope of the theory. Nevertheless, we do not advance these instances 
as so many objections to the theory, with which, indeed, our results in 
the case of five solvents are in good agreement. On consideration, it 
becomes obvious that the theory makes the assumption, although 


* Trichloroacetamide, when boiled with water, shows very obvious signs of. 


decomposition in the course of five minutes, 


3N2 
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Nernst omits to mention it, that association is due to electrical forces, 
which are supposed to be modified according to the dielectric constant 
of the solvent. We can only suppose that in the four cases which 
fall outside the theory, the association is not due to this cause ; that is, 
association is due sometimes to one cause and sometimes to another. 

In addition to the evidence derived from the behaviour of the amides 
in solution, there is evidence of another kind, namely, that they have 
a tendency to association. This is to be found in the existence of the 
substances: 2CH,*CO-NH,,HC]l, 2CH,°CO*-NH,,NaBr (Titherley, 
Trans., 1901, 79, 413), 2CH,-CO*NH,,NaI, 2CH,-CH,*CO-NH,,HCl, 
3COPh:NH,,2HCl, &c. The question whether the production of the 
substance 3COPh-NH,,2HCI is due to the “forces electrical in their 
origin,” which cause association of benzamide in benzene, or to the 
factor, whatever it may be, which causes association of benzamide in 
water, can only be left for further consideration. 

Meantime, we would place on record our conviction of the necessity 
in investigations into the amides and allied compounds, especially of 
their physical properties (compare Frankland and Twiss, Trans., 1906, 
89, 1852; Pickard and Littlebury, Trans., 1907, 91, 300), of taking 
into account their strong tendency to association. According to our 
results, the most suitable solvent in such investigations is ethyl 
alcohol. 


III. The Constitution of the Amides. 


The amides in general may be represented by the ordinary formula 
R-CO-NH,, or the hydroxylic formula R-O(OH):NH, and Auwers’ 
series of researches on the amides was begun in the hope of deciding 
between the two formule. Although the usual assumption is that 
association is due to the hydroxy] group, we can say that the assumption 
is not established by our results. If the constitution of benzamide is 
C,H,*C(OH):NH and that of acetamide CH,*CO-NH,, and the evidence 
of organic chemistry is in favour of these formule (Tafel and Enoch, Ber., 
1890, 30, 103, 1550), then, on the hydroxylic theory of association, 
benzamide should show a greater tendency to association than acetamide. 
Actually, at the same equivalent concentration in chloroform solution, 
the association factor of benzamide is 1:16, and that of acetamide 1°27. 
Hence the tendency of the amides to association cannot be regarded as 
furnishing positive proof that they are hydroxylic compounds. More- 
over, it is doubtful if the determination of the molecular complexity 
of the amides can do much towards settling the question of their 
constitution. ; 

At the present day, it is a pity that the discussion of the association 
problem should sometimes be cut short by a mere invocation of the 
hydroxyl group, as if that were the only and the final cause of 


! 
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association. Afterall, the tervalent nitrogen atom, or the oxygen atom 
of the group *CO-NH,, may have as much to do with the association 
of amides as the oxygen atom of a hydroxyl group. There is, asa 
matter of fact, a strong body of opinion against the hydroxylic 
constitution of the amides, and in favour of the ordinary method of 
formulation. Claisen (Annalen, 1895, 287, 360) abandoned the 
formula C,H,*N:CH°OH for formanilide in favour of C,H,*-NH-CHO. 
Auwers (Zeitsch. physikal. Chem., 1897, 23, 468; Ber., 1901, 34, 
3538), Hantzsch, Voegelen, and Buchner (Ber., 1901, 34, 3142, 3147), 
Hantzsch and Dollfus (Ber., 1902, 35, 226), Schmidt (Ber., 1903, 36, 
2459), and Fawsitt (Proc. Roy. Soc. Hdin., 1904, 25, 60) in various 
ways come, one and all, to the conclusion that the formula R°-CO-NH, 
is preferable to R°C(OH):NH. 

In continuation of the work, we propose to ascertain the molecular 
complexity of other amides in various solvents, and, in connexion with 
this, the effect on the molecular weight determination of change of 
volume during solution will be investigated. 

The phenomenon of increase of molecular weight of the solute as the 
solution becomes more dilute is due, according to Arrhenius, to 
combination between solute and solvent. We have obtained indications 
of this phenomenon, for instance, with dichloroacetamide in water, 
and salicylamide in acetone, which we propose to investigate. 


We would thank Professor Japp, of the University of Aberdeen, 
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selves unexpectedly in negd. The expenses of the work have been 
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of the Carnegie Trust for the Universities of Scotland. 
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LXXXIII.—The Constituents of Olive Leaves. 


By Freperick Betpine Power and Frank Turin. 


THE leaves of the olive tree, Olea Luropaea, Linné, were employed 
many years ago as a remedy in intermittent fever, and quite recently 
have again been brought to notice on account of their reputed 
therapeutic value as a tonic and febrifuge (Pharm. J., 1906, 77, 376). 

The only recent investigation of these leaves that has been recorded 
appears to be that of F. Canzoneri (Gazzetta, 1906, 36, ii, 372). 
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This author extracted the leaves with 95 per cent. alcohol, and 
observed that the liquid, on cooling, deposited small quantities of 
crystals, consisting apparently of two wax-like substances melting at 
85—100° and 69—70° respectively. From the alcoholic liquid, he 
obtained a white compound, C,,H,,O0, or C,,H,,0, (m. p. 297—298°), 
soluble in ether; a white, crystalline, resin-like substance (m. p. 
253—255°); a substance melting at about 236°; a crystalline acid 
(m. p. 165°) insoluble in ether; a substance melting at 180° when 
crystallised from acetic acid, and at 200—235° after recrystallisation 
from alcohol ; an acid of dough-like consistence, turning brown on 
exposure to the air, together with mannitol, gallic and tannic acids. 

It is evident that the above-mentioned products were, for the most 
part, of a very indefinite character, and that they did not represent 
pure substances. The compound C,,H,,0, or C,,H,,0,, melting at 
297—298°, would appear, however, to have been the hydrated form of 
a substance having the formula C,,H,,0, (m. p. 303—304°), which the 
present authors have isolated and designated oleanol, since compounds 
possessing the formule C,,H,,.O, and C,,H,,0,,H,O respectively have 
approximately the same percentage composition. 

For the purpose of ascertaining more precisely the nature of the 
constituents of olive leaves, their complete investigation was under- 
taken, and the results are embodied in the present communication. 


EXPERIMENTAL, 


The material employed in this investigatjon consisted of the leaves 
of Olea Europaea, Linné, which had been freshly gathered for us 
during the early spring in the neighbourhood of Ventimiglia, on the 
Italian Riviera. 

A portion of the leaves was first tested for the presence of an 
alkaloid, but with a negative result. 

In order to ascertain the general characters of the constituents of 
the leaves, 50 grams of the ground material were successively ex- [ 
tracted in a Soxhlet apparatus with various solvents, when the 
following amounts of extract, dried at 100°, were obtained : 


— 
—_—_— 


Petroleum (b. p. 35—50°) extracted 2°86 per cent. 
Ether 7°16 


Chloroform - 1°00 ; : \ ) 
Ethyl] acetate “s 6°26 i 
Alcohol ». 2008 4 @ 


Total 29°84 


For the purpose of a complete examination, a quantity (28-35 
kilograms) of the ground leaves was extracted by continuous per- 
colation with hot alcohol. One kilogram of the resulting extract, 
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containing 567 grams of extracted matter, was then mixed with water 
and distilled with steam, when a trace of an aromatic essential oil was 
obtained. The mixture contained in the distillation flask was filtered 
while hot, and a quantity (163°5 grams) of a pulverulent, green resin 
(A) thus collected, which was washed with boiling water, and dried. 
The combined filtrate and washings, on cooling, deposited 47 grams of 
brown, resinous matter (B), which was also collected on a filter, freed 
from substances soluble in cold water, and dried. The final aqueous 
filtrate and washings (C), which amounted to about 10 litres, were 
then concentrated on a water-bath to about one-fourth this volume, 


Examination of the Green Resin (A). 


This resin, which was in the form of a green powder, was mixed 
with a considerable quantity of purified sawdust, and the mixture 
subjected to prolonged successive extraction in a large Soxhlet 
apparatus with the following solvents: petroleum (b, p. 35—50°), 
ether, chloroform, ethyl acetate, and alcohol. 


Petroleum Extract of the Resin. 


The material removed by petroleum was dark green, and weighed 
41 grams. A portion of it was very sparingly soluble in this solvent. 
The entire petroleum extract was dissolved in 700 c.c. of warm ether, 
and the solution cooled, when about 3 grams of a solid substance 
separated. This was collected on a filter and washed with cold ether, 
after which it was distilled under a pressure of 15 mm. The distillate, 
which rapidly solidified, was crystallised from ethyl acetate, when 
small, glistening, colourless leaflets were obtained, which melted 
at 74°5°: 

00872 gave 0 2717 CO, and 01148 H,O. C=85:0; H=14°6. 

C,,H,, requires C=85:4; H=14°6 per cent. 

This substance, therefore, was pentatriacontane. 

The ethereal filtrate from the pentatriacontane was shaken with a 
solution of sodium hydroxide, when a dark green, flocculent product 
separated, which was collected on a filter and thoroughly washed with 
ether. The filtered, alkaline, aqueous liquid yielded nothing on 
acidification. For the examination of the green, flocculent product, 
it was warmed for some time with dilute aqueous sulphuric acid and 
chloroform, after which the chloroformic liquid was separated, washed, 
and evaporated to dryness. The small amount of residue was dissolved 
in ethyl acetate, and the solution heated with animal charcoal and 
filtered, when, on allowing the liquid to cool, small, colourless crystals 
were obtained. These melted quite indefinitely between 230° and 
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270°, and were found to be a mixture, for, when heated with acetic 
anhydride, they yielded diacetyloleanol, a substance which will sub- 
sequently be described, together with an acetyl derivative melting at 
83°5°. The latter substance crystallised from acetic anhydride or 
ethyl acetate in tufts of small needles, but the amount obtained was 
not sufficient for analysis. 


Isolation of a New Monocarboxylic Acid, C..H,,"CO,H. 


The ethereal liquid, which had been shaken with sodium hydroxide 
solution, was washed with water, when a large amount of chlorophyll 
was removed. This was examined, but nothing definite could be 
isolated from it. The ethereal liquid was then evaporated, and the 
residue heated with an alcoholic solution of an excess of potassium 
hydroxide for one hour in a reflux apparatus. After removing the 
alcohol, water was added, and the mixture extracted eleven times with 
ether. During the first extraction, a flocculent precipitate collected in 
the lower part of the ethereal layer. This was separated, washed, 
treated with sulphuric acid, and the product extracted with chloroform. 
On removing the chloroform, a wax-like residue was obtained, which, 
after treatment with animal charcoal, was crystallised from ethyl 
acetate, from which it separated in small, colourless, glistening leaflets 
melting at 68—69°: 


0°1047 gave 0:2993 CO, and 0:1223 H,O. C=78:0; H=13°0. 
00959 ,, 0:2738 CO, ,, 01125 H,O. C=77:9; H=13°0. 
C,,H,,0, requires C= 78:0; H=13-0 per cent. 


This substance therefore appears to be a new monocarboxylic acid, 
as no acid possessing the formula C,,H,,0, has heretofore been 
described. 

The combined ethereal extracts of the alkaline liquid were washed, 
dried, and concentrated to a small bulk, when a quantity of crystalline 
leaflets separated. These were removed, and, on further concentrating 
the solution, three more successive crops of crystals were obtained 
from it. The first and second portions of crystalline material, when 
dry, melted at 68°. They were therefore mixed and distilled in a 
vacuum, when a distillate was obtained which solidified and, when 
crystallised from ethyl acetate, separated in handsome, nacreous 
leaflets melting at 68—68°5°: 


00862 gave 0:2697 CO, and 0:1147 H,O. C=85:3; H=14'8. 
C,,H,, requires C= 85°3 ; H = 14°7 per cent. 


The first crops of crystals therefore consisted of hentriacontane. 
The third portion of crystalline material, when dissolved in chloro- 


_ om Sey 
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form, gave with acetic anhydride and sulphuric acid the colour reaction 
characteristic of the phytosterols, but it also contained hentriacontane, 
and no pure substance could be isolated from it. 


Isolation of a New Crystalline Alcohol, Oleasterol, C,)H,,°OH. 


The last portion of crystals which separated from the above-described 
ethereal liquid was recrystallised several times from ethyl acetate 
when tufts of needles were obtained which melted at 172°. It was 
then crystallised twice from benzene, from which it finally separated 
in small tufts of fine needles melting at 174°: 

00969 gave 0:2938 CO, and 071023 H,O. C=82:'7; H=11°7. 

C,,H,,0 requires C = 82°8 ; H=11°7 per cent. 

This substance is evidently an alcohol related to the phytosterols, 
but is not identical with any compound previously described. It is 
therefore proposed to designate it oleasterol. 

If a small quantity of oleasterol is dissolved in chloroform, a little 
acetic anhydride added, and, after first boiling the solution and then 
cooling it, a drop of concentrated sulphuric acid introduced, a slight 
yellow colour is first developed, which rapidly changes to pink. The 
tint then deepens to an intense magenta colour, which is accompanied 
by a brilliant yellowish-bronze fluorescence, subsequently changes to 
violet, and, after about one hour, the liquid becomes dull blackish- 
brown. If the reaction is conducted in acetic anhydride solution, no 
chloroform being used, the same colours are produced, but the changes 
are more rapid. When concentrated sulphuric acid is added to a 
solution of oleasterol in chloroform, the acid layer becomes yellow 
and, finally, of a deep orange colour. Solid oleasterol, when brought in 
contact with a drop of concentrated sulphuric acid, develops a bright 
orange and, finally, a vermillion-red colour, but again becomes colour- 
less on the addition of water. Oleasterol is isomeric with several 
alcohols which possess properties similar to those of the phytosterols, 
namely, cinchol, cupreol, quebrachol, and rhamnol (compare Beilstein’s 
Handbuch, 3rd edit., II., 1068, and Proc. Amer. Pharm. Assoc., 1904, 
52, 296), but melts at a higher temperature than any of these 
compounds, and differs from the last-named one, with which it has 
been directly compared, both in appearance and in the colour reactions 
yielded by it. 

On removing the solvent from the original ethereal mother liquors 
from which the oleasterol had been separated, a residue was obtained 
which amounted to about 4 grams. This was distilled under 12 mm. 
pressure, when it passed over for the most part between 300° and 365° 
without decomposition, but a portion distilled above this temperature. ~ 
The distilled product was dissolved in boiling ethyl acetate, when, on 
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cooling the solution, very hard, crystalline, wart-like masses separated, 
which melted at 200—204°. After several recrystallisations from 
ethyl acetate and, finally, from benzene, the melting point of the 
substance remained constant at 209—210°: 

0:0864 gave 02560 CO, and 0:0896 H,O. C=808; H=11°5. 

C,,H,,0, requires C=80°6 ; H=11°4 per cent. 

This substance was identical with a new compound, homo-olestranol, 
which was subsequently isolated in larger quantity from the ether 
extract of the resin. 

The alkaline, aqueous liquid, from which the above-described 
alcohols and hydrocarbon had been removed by means of ether, was 
acidified with sulphuric acid and distilled with steam, but no volatile 
product was obtained. The acid liquid was therefore extracted with 
ether, the ethereal solution concentrated to a small bulk, and a 
considerable volume of light petroleum added. This caused the 
precipitation of the greater portion of the dissolved material in the 
form of an amorphous, dark green powder, from which nothing 
crystalline could be obtained. The clear petroleum liquid was 
decanted from the precipitate and evaporated, when a residue was 
obtained which was distilled under diminished pressure. The distilled 
product amounted to about 4 grams, and yielded a small quantity of 
a mixture of fatty acids melting at 46—49°, but the greater portion 
consisted of an oily liquid, which was unsaturated, and probably 
contained oleic acid. 


Ethereal Extract of the Resin. 


This extract amounted to 87 grams. As originally obtained, it con- 
sisted of a dark green, ethereal solution containing a quantity of an 
amorphous, green, sparingly soluble powder. The latter was collected 
on a filter and washed well with ether, after which it weighed 33 grams. 
On concentrating’ the ethereal filtrate to about 500 c.c., a further 
quantity (20 grams) of a similar amorphous powder was obtained. 


Isolation of a New Crystalline Substance, Oleanol, C,,H,.O(OH),. 


The above-mentioned portions of solid matter were separately 
examined, but were found to be identical. The material was dissolved 
in hot alcohol, and the solution decolorised by means of animal char- 
coal, after which it deposited a colourless substance in tufts of 
extremely fine, silky needles. This substance, when not quite pure, 
tends to separate in an amorphous condition, and, in these cireum- 
stances, can most readily be obtained crystalline by allowing its solu- 
tion in boiling alcohol to evaporate. By successively concentrating the 
mother liquors from this crystalline substance, further quantities of it 


THE CONSTITUENTS OF OLIVE LEAVES. 897 


were obtained, and also some portions of amorphous material which 
could not be caused to crystallise from any solvent. It was at first 
thought that these amorphous products might contain a second sub- 
stance, but on acetylation they gave an almost quantitative yield of 
the diacetyl derivative-of the crystalline substance, with only a little 
amorphous matter. As first obtained, the crystalline substance melted 
at about 301°, but on recrystallisation the melting point was raised to 
303—304°, when it remained constant, no decomposition occurring. 
After drying at 110°, it was analysed : 


0°1127 gave 0°3271 CO, and 0°1088 H,O. C=79'1; H=10°7. 
01135 ,, 03291 CO, ,, 0:1083 H,O. C=79:1; H=10°6. 
C,,H,,0, requires C = 79°1 ; H =10°6 per cent. 

No substance of the formula C,,H,,O, has previously been described, 
and it is therefore proposed to designate the new compound oleanol. 

Oleanol is not very soluble in any of the usual organic solvents, but 
is moderately so in boiling chloroform, from which it separates in an 
amorphous condition. When crystallised from ordinary alcohol, it 
contains one molecule of water of crystallisation, as shown by the 
following analysis : 


0°3466 of air-dried substance, on heating at 110°, lost 0°0130 H,O. 
H,0=3°7 

0°1136 of air-dried substance gave 0°3152 CO, and 0:1107 H,0. 
C=75'7; H=10°8. 

C,,H,,.0;,H,O requires H,O=3°7 ; C=76°2 ; H=10°7 per cent. 


Two of the oxygen atoms contained in oleanol are, as shown below, 
present in the form of hydroxyl groups, and one of the latter possesses 
phenolic properties. In consequence of this fact, the substance reacts 
with sodium carbonate and hydroxide, giving an insoluble, amorphous 
sodium derivative, The third oxygen atom present in oleanol probably 
occurs in an ether linking, since the compound does not react with 
hydroxylamine, It was ascertained, however, by means of Perkin’s 
modification of Zeisel’s method, that no methoxyl or ethoxyl group 
was present. When oleanol is gently warmed with concentrated 
sulphuric acid, a deep orange colour is produced, and, when dissolved 
in chloroform, it does not decolorise a solution of bromine in the same 
solvent. 

A determination of the specific rotatory power of oleanol gave the 
following result : 

0°3032, dissolved in 25 c.c. of chloroform at 30°, gave ap +1°54’ in 
a 2-dem. tube, whence [a]) + 783°. 


Diacetyloleanol, C,,H,.0,(CO-CH,),.—A quantity of oleanol was 
dissolved in acetic anhydride, and the solution boiled for some time. 


898 POWER AND TUTIN: 


It was then allowed to cool, when the acetyl derivative separated in 
colourless, glistening leaflets : 

0:0994 gave 0:2749 CO, and 0:0881 H,O. C=75:4; H=9°8. 

C,,H,,0,(CO-CH,), requires C= 75-8 ; H=9-7 per cent. 

Diacetyloleanol is very readily soluble in chloroform, only moderately 
so in ethyl acetate, and nearly insoluble in cold alcohol. It is recrys- 
tallised most conveniently from acetic anhydride. 

When diacetyloleanol is heated, fusion takes place at about 208°, 
the exact temperature depending on the rate of heating, gas is then 
evolved, and the liquid quickly re-solidifies, The solid so obtained 
is insoluble in alcohol, and only sparingly soluble in ethyl acetate 
or acetic anhydride, and is not acted on by the latter. It is very 
readily soluble in chloroform or benzene, but crystallises from a 
mixture of one part of the latter and two parts of petroleum (b. p. 
90—120°) in small tufts of colourless needles, which do not melt at 
a temperature of 310°. This substance is unaffected by alkalis, and, 
when dissolved in chloroform, slowly decolorises a solution of bromine 
in the same solvent. On analysis, it yielded the following results : 

0°1128 gave 0°3280 CO, and 0°1063 H,O. C=79:3; H=10°5. 

01049 ,, 0:3058 CO, ,, 0°0990H,O. C=795; H=10°5. 

C,,H,,0, requires C = 79°4 ; H=10°3- per cent. 

This result indicates that, on heating diacetyloleanol, both the acetyl 
groups are removed, but, as no water is present during the operation, 
they are not eliminated by hydrolysis. The change might be repre- 
sented as follows : 


~C-0-CO-CH, _.  -0-0 
-C:0-C0CH, — 

This view is in harmony with the fact that the high melting product 
contains no hydroxyl group, and the loss of weight suffered by the 
original acetyl derivative on being heated is also in agreement 
with it: 

0°1648 of diacetyloleanol, on heating at 230°, lost 0°0254 CH,-CO. 

CH,°CO = 15:4. 
C,,H,,0,(CO-CH,), requires CH,*CO = 15'5 per cent. 

Monoacetyloleanol, C,,H,,0,(0H)*CO-CH,.—A quantity of diacetyl- 
oleanol was dissolved in 85 per cent. alcohol, and the solution boiled 
for forty-five minutes. On cooling the liquid, a product was obtained 
which crystallised in needles melting at 258°. This substance was 
much more soluble in alcohol than diacetyloleanol, and was evidently 
a monoacetyloleanol, since it readily yielded the diacetyl derivative on 
treatment with acetic anhydride. After drying at 110°, it was 
analysed : 


+ OH,-CO-CO-CH,. 


~ ae 
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0°1055 gave 0°2978 CO, and 0:0980 H,O. C=77:0; H=10°3. 
C,,H,,0, requires C= 77:3 ; H = 10:2 per cent. 

Oleanol possesses some phenolic properties, as indicated by the fact 
that it yields a sodium derivative. The hydroxyl group contained in 
the above-described monoacetyloleanol is, however, devoid of such 
properties, since the compound does not react with cold alkalis. 

Monomethyloleanol, C,,H,,0(OH):O°-CH,.—Five grams of oleanol 
were dissolved in absolute alcohol, and a slight excess of both sodium 
ethoxide and methyl iodide added. The mixture was then heated for 
one and a-half hours in a flask attached to a reflux condenser, after 
which the greater part of the solvent was removed. The addition of 
water then caused the precipitation of a monomethyloleanol, which 
crystallised from alcohol in long, thin, quite colourless needles. 
This compound, when dried in the air at the ordinary temperature or 
at 90°, melted at about 145° and then re-solidified, after which it 
fused at 194—195°. It also melted sharply at the latter temperature 
when dried at 120°. After drying at 125°, it gave on analysis the 
following results : 

0°1325 gave 0°3828 CO, and 0°1290 H,O. C=788; H=10°8. 

0-3144 gave, by Perkin’s modification of Zeisel’s method, 

0°1500 AgI. O°CH,=6°'3. 
C,.H,,0, requires C=79°3 ; H=10°7 ; O°-CH, = 6°4 per cent. 

The air-dried preparation was then analysed : 

00977 gave 0:2788 CO, and 0°0960 H,O. C=778; H=10°9. 

0°3169, on heating at 125°, lost 0°0139 C,H,-OH. C,H,-OH =4°4, 
C,,H,,0(0H)-O-CH,,3C,H;-OH requires C=78:1; H = 108; 

C,H,-OH = 4°5 per cent. 

Acetylmethyloleanol, C,,H,,0,(0°CH,)*CO*CH,.—Monomethyloleanol 
was dissolved in acetic anhydride, and the mixture boiled for half an 
hour. The solution was then allowed to cool, when acetylmethyloleanol 
separated in long, highly lustrous leaflets, which melted at 215°5° : 

0°1041 gave 0°2960 CO, and 0:0978 H,O. C=77:5; H=10°4. 

C,,H,,0, requires C=77°6 ; H=10°3 per cent. 
0°2132, on hydrolysis, neutralised 4°4 c.c. V/10 NaOH. 
C,,H,,0,(0°CH,)*CO°CH, requires 4°1 c.c. 

Acetylmethyloleanol can be recrystallised from ordinary alcohol, 
but, when boiled for some time with this solvent, the acetyl group is 
eliminated and monomethyloleanol is regenerated. 


The original ethereal filtrate from the crude oleanol was shaken with 
a solution of ammonium carbonate, but this treatment removed only 
small amounts of amorphous products. It was then shaken with 
several successive portions of a solution of sodium carbonate, when a 
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It was then allowed to cool, when the acetyl derivative separated in 
colourless, glistening leaflets : 

0:0994 gave 0:2749 CO, and 0:°0881 H,O. C=75:4; H=9°8. 

C,,H,,0,(CO°CH,), requires C=75°8 ; H=9-7 per cent. 

Diacetyloleanol is very readily soluble in chloroform, only moderately 
so in ethyl acetate, and nearly insoluble in cold alcohol. It is recrys- 
tallised most conveniently from acetic anhydride. 

When diacetyloleanol is heated, fusion takes place at about 208°, 
the exact temperature depending on the rate of heating, gas is then 
evolved, and the liquid quickly re-solidifies. The solid so obtained 
is insoluble in alcohol, and only sparingly soluble in ethyl acetate 
or acetic anhydride, and is not acted on by the latter. It is very 
readily soluble in chloroform or benzene, but crystallises from a 
mixture of one part of the latter and two parts of petroleum (b. p. 
90—120°) in small tufts of colourless needles, which do not melt at 
a temperature of 310°. This substance is unaffected by alkalis, and, 
when dissolved in chloroform, slowly decolorises a solution of bromine 
in the same solvent. On analysis, it yielded the following results : 

0°1128 gave 0°3280 CO, and 0°1063 H,O. C=79'3; H=10°. 

01049 ,, 03058 CO, ,, 0°0990 H,O. C=795; H=10°. 

C,,H,,0, requires C= 79°4 ; H=10°3- per cent. 

This result indicates that, on heating diacetyloleanol, both the acetyl 
groups are removed, but, as no water is present during the operation, 
they are not eliminated by hydrolysis. The change might be repre- 
sented as follows : 


I 
-C-0-CO-CH, 


-6.0-00-CH, + OH,*CO-CO-CH,. 
| 


~C: 
-C-O 

l 

This view is in harmony with the fact that the high melting product 
contains no hydroxyl group, and the loss of weight suffered by the 
original acetyl derivative on being heated is also in agreement 
with it: 

0°1648 of diacetyloleanol, on heating at 230°, lost 0:0254 CH,°CO. 

CH,°CO = 15:4. 
©,,H,,0,(CO*CH,), requires CH,*CO = 15'5 per cent. 

Monoacetyloleanol, C,,H,,0,(0H)*CO-CH,.—A quantity of diacetyl- 
oleanol was dissolved in 85 per cent. alcohol, and the solution boiled 
for forty-five minutes. On cooling the liquid, a product was obtained 
which crystallised in needles melting at 258°. This substance was 
much more soluble in alcohol than diacetyloleanol, and was evidently 
a monoacetyloleanol, since it readily yielded the diacetyl derivative on 
treatment with acetic anhydride. After drying at 110°, it was 
analysed : 
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0°1055 gave 0°2978 CO, and 0:0980 H,O. C=77:0; H=10°3. 
C,,H;,0, requires C=77'3 ; H = 10:2 per cent. 

Oleanol possesses some phenolic properties, as indicated by the fact 
that it yields a sodium derivative. The hydroxyl group contained in 
the above-described monoacetyloleanol is, however, devoid of such 
properties, since the compound does not react with cold alkalis. 

Monomethyloleanol, C,,H,,0(OH)-O°CH,.—Five grams of oleanol 
were dissolved in absolute alcohol, and a slight excess of both sodium 
ethoxide and methyl iodide added. The mixture was then heated for 
one and a-half hours in a flask attached to a reflux condenser, after 
which the greater part of the solvent was removed. The addition of 
water then caused the precipitation of a monomethyloleanol, which 
crystallised from alcohol in long, thin, quite colourless needles. 
This compound, when dried in the air at the ordinary temperature or 
at 90°, melted at about 145° and then re-solidified, after which it 
fused at 194—195°. It also melted sharply at the latter temperature 
when dried at 120°. After drying at 125°, it gave on analysis the 
following results : 

0°1325 gave 0°3828 CO, and 0°1290 H,O. C=788; H=10°8. 

0°3144 gave, by Perkin’s modification of Zeisel’s method, 

0°1500 AgI. O°CH,=6°3. 
C,.H,.0, requires C= 79°3 ; H=10°7 ; O‘CH,=6°4 per cent. 

The air-dried preparation was then analysed : 

00977 gave 0°2788 CO, and 0:0960 H,O. C=77'8; H=10°9, 

0°3169, on heating at 125°, lost 0°0139 C,H,-OH. C,H,-OH=4°4, 
C3,H,,0(OH)-O-CH,,3C,H,-OH requires C=781; H = 108; 

C,H,-OH = 4'5 per cent. 

Acetylmethyloleanol, C,,H,,0,(0°CH,)*CO*CH,.—Monomethyloleanol 
was dissolved in acetic anhydride, and the mixture boiled for half an 
hour. The solution was then allowed to cool, when acetylmethyloleanol 
separated in long, highly lustrous leaflets, which melted at 215°5° : 

0°1041 gave 0°2960 CO, and 0:0978 H,O. C=77'5; H=10°4. 

C,,H,,0, requires C=77°6 ; H=10°3 per cent. 
0°2132, on hydrolysis, neutralised 4°4 c.c. V/10 NaOH. 
O,,H,,0,(0°CH,)*CO°CH, requires 4°1 c.c. 

Acetylmethyloleanol can be recrystallised from ordinary alcohol, 
but, when boiled for some time with this solvent, the acetyl group is 
eliminated and monomethyloleanol is regenerated. 


The original ethereal filtrate from the crude oleanol was shaken with 
a solution of ammonium carbonate, but this treatment removed only 
small amounts of amorphous products. It was then shaken with 
several successive portions of a solution of sodium carbonate, when a 
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considerable quantity of a green precipitate was formed. This 
precipitate was separated from the ethéreal liquid and from the 
alkaline, aqueous solution, when, on examination, it was found to 
consist almost entirely of sodium oleanol, together with chlorophyll. 
The alkaline, aqueous liquid was acidified, but it yielded only a small 
amount of tarry matter. The ethereal liquid, when free from 
substances which reacted with sodium carbonate, was shaken with a 
solution of sodium hydroxide, but this dissolved nothing. It was then 
washed with water, when a large amount of chlorophyll was removed, 
dried, and the greater part of the ether evaporated. 


Isolation of Two New Crystalline Alcohols. 
Olestranol, C,;H,,0,, and Homo-olestranol, C,,H,,0,. 


On allowing the concentrated ethereal liquid, obtained as above 
described, to stand, it deposited about 3 grams of a white solid. This 
was dissolved in hot ethyl acetate, from which, on cooling, it separated 
in hard, wart-like masses, which melted at 217°. After recrystallisa- 
tion from benzene, it melted at 217—218° and was analysed : 


00998 gave 0°2928 CO, and 0°1009 H,O. C=80°0; H=11°2. 
00813 ,, 02389 CO, ,, 0°0845 H,O. C=801; H=11°4. 
C,;H,,0, requires C = 80-2 ; H=11'2 per cent. 

This substance, so far as can be ascertained, is not identical with 
any compound previously described. It is proposed therefore to 
designate it olestranol, since it is an alcohol. 

Olestranyl acetate and benzoate were prepared, but were found to be 
uncrystallisable syrups. The latter compound was very viscid, and 
dissolved readily in ethyl acetate and in chloroform, but was almost 
insoluble in alcohol. When dissolved in chloroform and treated with 
a solution of bromine in the same solvent, olestranol readily gives a 
bromide, which is precipitated as a viscid oil, This oil did not become 
crystalline on standing, and when warmed with any solvent, in order 
to bring it into solution, it evolved hydrogen bromide, yielding a 
product which was readily soluble in chloroform, but uncrystallisable. 
Olestranol exhibits colour reactions which, so far as could be 
observed, are indistinguishable from those shown by oleasterol (p. 895). 
Its formula, C,,H,,0,, indicates it to be a lower homologue of a 
hydroxyphytosterol, and its properties are in accordance with this 
view, for, although some of the colours which are produced on treating 
it with acetic anhydride and sulphuric acid differ from those given 
under similar conditions by the phytosterols, the general character of 
the colour reactions is analogous to that yielded by the latter 
compounds. 


THE CONSTITUENTS OF OLIVE LEAVES. 901 


The original ethereal filtrate from the olestranol was green, owing to 
the presence of chlorophyll. It was therefore boiled with an alcoholic 
solution of potassium hydroxide, the greater part of the solvent 
removed, water added, and the mixture extracted six times with ether. 
On removing the solvent, several grams of a light-coloured product were 
obtained. This was repeatedly crystallised from ethyl acetate, from 
which it separated in hard, wart-like masses, identical in appearance 
with the nodular masses of olestranol obtained under similar 
conditions. This preparation, however, melted at a temperature 
lower than that at which olestranol fuses, namely, at 210°, and repeated 
crystallisations from ethyl acetate and from benzene failed to raise 
the melting point of the material : 

0°1120 gave 0°3314 CO, and 01152 H,O. C=80'7; H=11+4. 

C,,H,,0, requires C= 80°6 ; H=11°4 per cent. 


This compound, melting at 210°, is therefore identical with the 
substance possessing the same formula and melting point which was 
isolated in smaller quantity from the petroleum extract of the resin. 
Its formula, C,,H,,0,, is that of a hydroxyphytosterol, and, since it is 
not identical with any compound previously described and is apparently 
a homologue of olestranol, differing from the latter by the increment 
of the elements C,H,, the name homo-olestranol may appropriately be 
assigned to it. 

One compound, possessing properties similar to those of homo- 
olestranol, has previously been isolated from the seeds of Casimiroa 
edulis, La Liave (Fam. Rutaceae), by W. Bickern (Arch. Pharm., 1903, 
241, 173). This substance, which has been designated casimirol, has 
been assigned the formula C,,H,,0,, and is stated to melt at 207°. It 
was therefore at first thought that these two substances might be 
identical, but a comparison of their respective colour reactions rendered 
it evident that this was not the case. 

Homo-olestranol exhibits colour reactions which, like those of 
olestranol, are identical with those yielded by oleasterol. It is 
apparently somewhat more readily soluble in ether than its lower 
homologue, and, as seen from the fact that it was also obtained from 
the previously-described extract of the resin, it is very slightly soluble 
in petroleum, whilst olestranol appears to be insoluble in this solvent. 
With the exception of these slight differences, the two homologous 
hydroxyphytosterols could only be distinguished by their melting points 
or by analysis, as their behaviour on acetylation, benzoylation, and 
bromination is identical. Homo-olestranol does not yield the colour 
reaction characteristic of the so-called “ oxycholesterin” of Lifschiitz 
(Ber., 1908, 41, 252), which, however, does not appear to have been 
analysed. 
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A determination of the specific rotatory power of homo-olestranol 
yielded the following result : 

0°7216, dissolved in 25 ¢.c. of chloroform, gave ap + 4°6’ in a,2-dem. 
tube, whence [a], + 71°0°. 

The amount of olestranol available did not permit of a similar 
determination being made with that compound. 


Chloroform, Ethyl Acetate, and Alcohol Extracts of the Resin. 


The chloroform extract of the resin amounted to 9 grams. It was 
exhaustively examined, but nothing crystalline could be obtained 
from it. 

The portion of the resin extracted by ethyl acetate amounted to 
only 2 grams. It consisted of tarry matter, together with a trace of 
d-mannitol, which was subsequently isolated in larger amount from the 
aqueous liquid. 

The remainder of the resin, which was soluble only in alcohol, 
formed a brown powder, and amounted to 23 grams. Nothing crystal- 
line could be separated from it, and, in view of the possibility of its 
containing some glucosidic material, it was freed from any traces of 
sugar and submitted to the action of sulphuric acid in dilute alcohol, 
but was unaltered by this treatment. 


Examination of the Brown Resin (B). 


This product, obtained as previously described, amounted to 47 grams. 
It was mixed with purified sawdust, and extracted with the same solvents 
as were employed in the case of the green resin. ‘The petroleum and 
ethereal extracts thus obtained were small in amount, and consisted 
chiefly of the material which formed the corresponding extracts from 
the resin previously examined. The remaining extracts, of which that 
obtained by ethyl acetate was the largest, were all brown, resinous 
products, from which nothing crystalline could be isolated. 


Examination of the Aqueous Liquid (C). 


After concentrating this liquid, it was extracted many times with 
ether, but this removed only a small amount of amorphous material, 
containing but a trace of crystalline substance. An excess of a solution 
of basic lead acetate was then added, when a bulky, yellow precipitate 
was produced, which was removed by filtration and thoroughly washed 
with boiling water. This precipitate was suspended in water, decom- 
posed by hydrogen sulphide, and the mixture filtered. The filtrate 
was concentrated and allowed to cool, when a quantity of brown, 
viscid, resinous matter separated. The clear liquid was then ex- 


ol 


ur 
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tracted with amyl alcohol, when a further quantity of brown, viscid 
material was removed. These resinous products possessed a bitter, 
astringent taste, and, when dissolved in boiling water, readily reduced 
Fehling’s solution, but nothing crystalline could be obtained from 
them. The brown, aqueous liquid which had been extracted with 
amyl alcohol gave a deep black colour with ferric chloride, and 
evidently contained a considerable amount of tannin. When treated 
with a solution of barium hydroxide, it gave a yellow precipitate, 
which rapidly darkened in the air, but nothing could be isolated 
from it. 

The original aqueous filtrate and washings from the precipitate 
produced by basic lead acetate were freed from a further small 
quantity of brown material by a second treatment with this reagent 
then deprived of lead by means of hydrogen sulphide, again filtered, 
and concentrated under diminished pressure. On allowing the liquid 
to stand, it deposited a large amount (60 grams) of needle-shaped 
crystals, which, after recrystallisation from dilute alcohol, melted 
at 165°: 

0°1183 gave 0:1717 CO, and 0°0830 H,O. C=39°6; H=7'8. 

C,H, ,0, requires C=39°6 ; H=7°7 per cent. 

This substance was evidently d-mannitol, since it yielded a dextro- 
rotatory hexa-acetyl derivative, which melted at 122—123°. 

The filtrate from the crude mannitol deposited further quantities of 
the latter on concentration, but no other solid substance could be 
separated from it. It contained a considerable amount of sugar, for, 
when warmed with a solution of phenylhydrazine acetate, it readily 
yielded d-phenylglucosazone, which, when heated somewhat rapidly, 
melted at 217°. In view of the possibility of this final aqueous liquid 
also containing a glucoside, it was heated for some time with dilute 
sulphuric acid, but this treatment resulted only in the production of a 
quantity of resin, together with a little furfural. 


Summary. 


The results of this investigation may be summarised as follows: 

The air-dried olive leaves employed, on percolation with boiling 
alcohol, yielded about 30 per cent. of their weight of extracted 
material, of which nearly 63 per cent. was soluble in cold water. A 
further 8°7 per cent. could be dissolved by boiling water, whilst the 
remainder, amounting to 28°3 per cent., was quite insoluble in this 
solvent. ‘The alcoholic extract, when distilled with steam, yielded a 
trace of essential oil. 

The portion of the alcoholic extract which was soluble in cold water 
contained a large quantity of a sugar which yielded d-phenylglucosazone 
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(m. p. 217°), together with tannic matter, brown, amorphous products, 
and an amount of d-mannitol equivalent to about 3°4 per cent. of the 
weight of the air-dried leaves. 

The portion of the alcoholic extract which was dissolved by 
boiling water, but separated on cooling, consisted of amorphous 
resins, 

The material insoluble in water contained, together with chlorophyll 
and some resinous matter, small amounts of the hydrocarbons hentri- 
acontane, C,,H,, (m. p. 68—69°), and pentatriacontane, C,,H., 
(m. p. 74°5°), a little of a mixture of fatty acids, and a new mono- 
carboxylic acid, C,.H,,-CO,H (m. p. 68—69°). In addition to these, 
it yielded three new crystalline alcohols, which appear to be related 
to the phytosterols, namely, oleasterol, C,,H,,0 (m. p. 174°), which 
erystallises in tufts of colourless needles; olestranol, O,;H,,0, 
(m. p. 217—218°), and homo-olesiranol, C,,H,,O, (m. p. 210°; 
{a]> +71°). The two last-mentioned alcohols crystallise in hard, 
wart-like masses, and appear to be hydroxyphytosterols. Furthermore, 
a new colourless, crystalline substance, oleanol, C,,H,0(OH),,H,O 
m. p. 303—304° ; [a]i? + 78°3°), was obtained in an amount equivalent 
to nearly 3:4 per cent. of the weight of the air-dried leaves. Oleanol 
contains two hydroxy] groups, one of which possesses phenolic 
properties. When treated with sodium ethoxide and methyl iodide, 
it yields a monomethyloleanol, C,,H,,0(OH):O-CH, (m. p. 194—195°), 
and this, on acetylation, gives acetylmsthyloleanol, 

C,,H,,0,(0°CH,)"CO-CH, 

(m. p. 215°5°). Diacetyloleanol, C,,H,,0,(CO°CH,),, fuses at about 

208°, and suffers a change which is accompanied by the evolution of 

gas and the formation of a crystalline substance, C,,H,,0,, which 
does not melt at 310°.  Monoacetyloleanol, C,,H,,0,(0H)CO-CH, 

(m. p. 258°), was prepared by heating the diacetyl derivative with 


aqueous alcohol. 


THe WELLCOME CHEMICAL RESEARCH LABORATORIES, 
Lonpon, E.C. 


LXXXIV.—The Constituents of Olive Bark. 


By Freperick Be.pine Power and Frank Turin. 


THE bark of the olive tree, Olea Furopaea, Linné, is reputed to possess 
medicinal properties similar to those of the leaves, but, with the 
exception of the observation that, like other parts of the plant, it con- 
tains mannitol, nothing appears to have been asvertained respecting 


THE CONSTITUENTS OF OLIVE BARK. 905 


the character of its constituents. It may be noted, however, that 
from a so-called gum-resin, which excludes spontaneously from the 
bark of the olive tree in hot countries, a crystalline substance, 
designated olivil, was isolated many years ago. This substance which, 
as our investigation has shown, does not occur in the bark, has most 
recently been examined by Kérner and Vanzetti (Atti R. Accad. 
Lincei, 1903, [v], 12, i, 122), who state that, when anhydrous, it 
possesses the formula C,)H,,0, and melts at 142°5°. 

In connexion with our investigation of olive leaves, it has been 
deemed desirable also to examine the constituents of the bark of the 
olive tree, and the results obtained are recorded in this com- 
munication. : 

EXPERIMENTAL, 


The material employed in this investigation consisted of the air- 
dried bark of Olea Furopaea, Linné, which had been collected for us 
during the early spring in the neighbourhood of Ventimiglia, on the 
Italian Riviera. 

A portion of the bark was first tested for the presence of an 
alkaloid, but with a negative result. 

Fifty grams of the ground bark were then successively extracted in 
a Soxhlet apparatus with various solvents, when the following 
amounts of extract, dried at 100°, were obtained: 


Petroleum (b. p. 35—50°) extracted 0°32 per cent. 


Ether ”? 3 “76 9°) 
Chloroform is 6°30 a 
Ethyl acetate a 4°56 e 
Alcohol Pe _ 

Total 30°24 a 


For the purpose of a complete examination, a quantity (34:92 
kilograms) of the ground bark was extracted by continuous 
percolation with hot alcohol. One kilogram of the resulting viscous 
extract, containing 875 grams of extracted material, was then mixed 
with water and distilled with steam, but no volatile product was 
obtained. The dark-coloured, aqueous liquid in the distillation flask 
was separated by filtration, while still hot, from a relatively small 
amount of dark green resin (A), and the latter thoroughly washed 
with boiling water. The combined filtrate and washings were then 
diluted to about 10 litres and allowed to cool, when a large amount of 
a heavy, brown, syrupy product (B) was deposited. This was separated, 
and freed from substances soluble in cold water, after which the 
combined aqueous liquid and washings (C’) were concentrated to about 
2 litres. 
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Examination of the Green Resin (A). 


This resin, which amounted to 54 grams, was a dark green, wax- 
like solid at the ordinary temperature, but when heated to about 80° 
it melted to an oil. After being mixed with purified sawdust, it was 
successively extracted in a Soxhlet apparatus with the following 
solvents: petroleum (b. p. 35—50°), ether, chloroform, ethyl acetate, 
and alcohol. 


Petroleum Extract of the Resin. 
Isolation of a New Monocarboxylie Acid, C,,H,"CO,H. 


The petroleum extract of the resin was a dark green, wax-like solid, 
and weighed 28°6 grams. It was dissolved in ether, and the ethereal 
liquid shaken with a solution of sodium carbonate, when a quantity of 
a green, flocculent precipitate was formed. The ethereal and aqueous 
liquids were separated from the precipitate by filtration, when, on 
acidifying the latter liquid, it was found to contain no insoluble acid. 
The solid was then well washed with ether, warmed with dilute 
sulphuric acid, and the liberated acid isolated by means of chloroform. 
On removing the solvent, a green residue was obtained, which was 
distilled under diminished pressure. The light brown distillate 
solidified on cooling, and was crystallised from ethyl acetate, with the 
use of animal charcoal. Small, colourless leaflets were thus obtained 
which melted at 69—70°, and this melting point was not altered by 
repeated crystallisation. Two different preparations of this substance 
were analysed ; 

i 0°1036 gave 0°3071 CO, and 0°1242 H,O. C=805; H=13:3. 

) 01033 ,, 0°3049C0, ,, 0°1246H,O. C=805; H=13°4. 

| C,;H,,O0, requires C= 80°8 ; H = 13:1 per cent. 

i This acid would thus appear to possess the formula C,,H,,0,, and, 

! since no substance of this formula has previously been described, it is 

apparently a new compound. It behaves towards bromine as a 
saturated compound, and yields sodiwm, potassium, and ammonium 

f salts, which are insoluble in water. It is only sparingly soluble in 

cold chloroform or in boiling alcohol, and a warm solution of it in the 

‘i 

} 


former solvent was found to be optically inactive. It was not 
possible to titrate accurately this acid, or any of the analogous acids 
t subsequently described, on account of their sparing solubility and the 
i flocculent character of their insoluble salts. 
hi, The ethyl ester was prepared by means of ethyl alcohol and 
sulphuric acid. After being freed from traces of unchanged acid, it 
crystallised in leaflets melting at 63°: 
| 01140 gave 0°3386 CO, and 0°1390 H,O. C=81:°0; H=13°5. 
| C,,H,,*CO,°C,H, requires C=81°0 ; H = 13:1 per cent. 
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Isolation of a New Monocarboxylic Acid, C,,H,,*CO,H. 


The green, ethereal liquid, from which the above-described acid had 
been removed by means of sodium carbonate, was shaken with a 
solution of sodium hydroxide. This treatment caused the separation 
of a precipitate similar to that previously produced by sodium 
carbonate, but the amount was somewhat larger. The alkaline, 
aqueous liquid obtained in this case also yielded nothing on acidifica- 
tion. The precipitate apparently consisted of a sodium derivative. It 
was therefore warmed with dilute sulphuric acid, and the mixture 
extracted with chloroform, when, on evaporating the chloroformic 
liquid, a green, wax-like solid was obtained. This was crystallised 
from ethyl acetate, with the use of animal charcoal, when it separated 
in small, colourless leaflets, which melted at 79°, and this melting- 
point was not altered by further crystallisation. 

0°1175 gave 0°3406 CO, and 0°1304 H,O. C=79:1; H=12°3. 

01106 ,, 03216 CO, ,, 01236 H,O. C=79:3; H=12-4. 

C,,;H,,0, requires C= 79°3 ; H=12°2 per cent. 

Notwithstanding the fact that this substance cannot be removed 
from its solution in ether by means of sodium carbonate, a property 
which was confirmed when working up a second portion of extract 
from the bark, it must be regarded as a carboxylic acid, for it 
crystallises unchanged from acetic anhydride after being boiled for 
some time with this reagent, exhibits an acid reaction to phenol- 
phthalein, and yields an ethyl ester. Since no compound of the 
formula C,,H,,0, has hitherto been described, it must, moreover, be 
regarded as a new acid. It is very sparingly soluble in alcohol, 
behaves towards bromine as a saturated substance, and, when 
dissolved in chloroform, is optically inactive. 

The ethyl ester was prepared in the usual manner by means of ethyl 
alcohol and sulphuric acid. It was dissolved in chloroform, and freed 
from unchanged acid by means of sodium hydroxide, after which it 
was crystallised from ethyl acetate, when it separated in glistening 
plates melting at 66°5°: 

0:0946 gave 0°2775 CO, and 0:1060 H,O. C=80:0; H=12°4. 

C,,H,,;"CO,°C,H, requires C=79°8 ; H=12°3 per cent. 


Isolation of Ipuranol, C,,H,.0,(0H),. 


The original ethereal liquid, which had been shaken with solutions 
of sodium carbonate and hydroxide, was washed with water, when a 
deep green, alkaline, aqueous liquid was obtained, which evidently 
contained a large amount of chlorophyll in combination with sodium. 
This solution was acidified with sulphuric acid, when the chlorophyll 
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was precipitated. On attempting to extract the latter with ether, a 
quantity of solid remained undissolved, and was collected on a filter. 
This solid was washed by boiling it with several successive portions 
of ether, and then dissolved in boiling alcohol, in which it was very 
sparingly soluble. The alcoholic solution, which was green, was 
decolorised by means of animal charcoal, when, on allowing it to 
cool, a small quantity (less than 0°1 gram) of a colourless solid 
separated in the form of small, very flocculent tufts of extremely fine 
needles. This substance was not very distinctly crystalline, but was 
obtained more definitely so on cooling its solution in dilute pyridine. 
In order to obtain it in greater amount, a further large quantity of 
extract from the bark was employed. The substance, even when pure, 
does not melt sharply, but fusion takes place between 285° and 290°, 
come gas being evolved from the melted substance. 


00944 gave 0°2510 CO, and 0:0907 H,O, C=72°6; H=10°7. 
0'1034 ,, 0:2752 CO, ,, 00984 H,O. C=726; H=10°6. 
C,,H,,0, requires C= 72°6 ; H=10°5 per cent. 

Although no compound of the formula C,,H,,0, has hitherto been 
brought to notice, a substance having this composition was recently 
isolated in small amount in these laboratories from the stems of 
Ipomoea purpurea, Roth (Amer. J. Pharm., in the press), and the two 
preparations have been found to be identical. This substance, with 
reference to the source from which it first was obtained, has received 
the designation ipuranol. 

Diacetylipuranol, O,,H,,0,(CO*CH,),.—A small quantity of ipuranol 
was boiled with acetic anhydride, when it very slowly dissolved, On 
concentrating the solution and allowing it to cool, diacetylipuranol 
separated in well-defined, glistening leaflets, which melted at 160°: 

01124 gave 0°2875 CO, and 0:0949 H,O. C=698; H=9-4. 

C,,H,,0,(CO°CH,), requires C=69°8 ; H=9°5 per cent. 

The identity of the substance, C,,H,,0O,, from olive bark with 
ipuranol (from Jpomoea purpurea) was further confirmed by a com- 
parison of their respective acetyl derivatives. Since ipuranol yields a 
diacetyl derivative, it evidently contains two hydroxyl groups, and, 
inasmuch as it gives a sodium derivative when treated with sodium 
hydroxide, one at least of these groups must possess phenolic properties. 
Diacetylipuranol, however, when dissolved in chloroform, does not 
react with aqueous alkalis. 

Ipuranol is quite insoluble in petroleum, and nearly so in ether. 
It could not therefore have been present in the petroleum extract of 
the resin in a free state, and, as it was obtained from the chlorophyll 
after the latter had been removed from the ethereal solution of the 
petroleum extract in the form of a compound with the alkali, it 
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probably existed in the bark in combination with some constituent of 
the chlorophyll which suffered hydrolysis whilst in solution in the 
dilute aqueous sodium hydroxide. 

The original ethereal liquid from which the ipuranol had been 
obtained was evaporated, and the residue boiled for some time with an 
alcoholic solution of an excess of potassium hydroxide. The alcohol 
was then removed, water added, and the liquid extracted with ether. 
A small quantity of a flocculent precipitate collected in the lower 
portion of the ethereal layer, which was found to consist of an 
insoluble potassium salt. The acid obtained from this salt crystallised 
from ethyl acetate in plates melting at 67°, but the amount was not 
sufficient for analysis. The alkaline aqueous liquid was separated and 
found to contain, besides formic and butyric acids in small amount, 
only chlorophyll and amorphous matter. The ethereal solution of the 
unsaponifiable substances was bright yellow. The solvent was removed, 
and the residue fractionally crystallised from absolute alcohol, when 
a very small amount of a substance was obtained, which, after distil- 
lation under diminished pressure, crystallised in small plates melting 
at 74—T75°; 

0°0804 gave 0°2503 CO, and 0°1071 H,O. C=849; H=148. 

C,,H,. requires C= 85:4 ; H=14'6 per cent. 
This substance was thus identified as pentatriacontane. 

The mother liquors from this hydrocarbon yielded a substance 
which, after several recrystallisations, separated from a mixture of 
ethyl acetate and dilute alcohol in long, flattened needles, which 
melted at 134°. After being distilled under diminished pressure, and 
again crystallised as before, the substance melted at 136°: 


0°1076, on drying at 110°, lost 0°0053 H,O. H,O=4°9. 
00917 gave 0:2804 CO, and 01008 H,O. C=83°4; H=12:2. 
C,,H,,0,H,O requires H,O = 4°5. 
C,,H,,0 requires C=83°9 ; H=11-9 per cent. 

The substance therefore was evidently a phytosterol, and, when 
dissolved in chloroform and treated with acetic anhydride and sulphuric 
acid, it yielded the colour reaction characteristic of these alcohols. 
It differed, however, in appearance from the phytosterols usually 
obtained, since it crystallised in long, flattened needles, and not in 
plates. A determination of its optical rotatory power gave the 
following result : 

0°3965 of anhydrous substance, dissolved in 25 c.c. of chloroform 
gave [a], —1°7’ in a 2-dem. tube, whence [a], — 35-2°. 

The melting point and rotation of this phytosterol agree approxi- 
mately with those of sitosterol (Zeitsch. physiol. Chem., 1902, 34, 461), 
which melts at 137° and has [a]) —33°9°. The acetate of the phyto- 
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sterol from olive bark, however, crystallised in silky lamine melting 
at 119°5°, and this melting point could not be raised, whereas sitosteryl 
acetate melts at 128°. It would appear therefore that the two 
alcohols are not identical. 


Ethereal Extract of the Resin. 
Isolation of a New Monocarboxylie Acid, C,,H,.°CO,H. 


The portion of the resin removed by ether amounted to 13 grams. 
As originally obtained, it consisted of a green, ethereal solution 
containing a quantity (about 4 grams) of a light-coloured precipitate. 
The latter was collected on a filter and well washed with ether, after 
which it was dissolved in a large volume of hot alcohol, the solution 
decolorised by means of animal charcoal, and allowed to cool. A 
quantity of a white, amorphous solid then separated. This was 
collected on a filter, again dissolved in hot alcohol, and allowed to 
separate, but it still remained amorphous. The solid substance, which 
melted at 90°, was therefore dried and then distilled under a pressure 
of 13 mm., when it passed over up to 365° without decomposition. 
The distillate was crystallised from ethyl acetate, from which it 
separated in small, colourless leaflets melting at 92°: 

0:0975 gave 02872 CO, and 0°1189 H,O. C=80:3; H=13'5. 

00855 ,, 02524 CO, ,, 0°1043 HO. C=805; H=13'5. 

C,;H,)0, requires C=80°5 ; H =13°4 per cent. 

: This substance was an acid, as was evident from its behaviour to 
phenolphthalein. It yields sodium, potassium, and ammonium salts, 
which are flocculent, insoluble solids, and readily gives an ethyl ester. 
i Since no substance of the formula C,,H,,O, has heretofore been 
i described, it must, moreover, be regarded as a new compound. The 
| acid is only sparingly soluble in most of the usual organic solvents 
when cold, and, so far as could be observed with a dilute chloroformic 
liquid, it is optically inactive. It would not appear probable, how- 
ever, that it is a normal fatty acid, since it is absolutely insoluble in 
light petroleum. It is also more soluble in boiling alcohol than the 
acid C,,H,,0,, which was obtained from the petroleum extract of the 
resin. 

A small quantity of the ethyl ester was prepared. This crystallised 
in leaflets, which were rather larger than those of the corresponding 
acid, and melted at 87°. 


Isolation of a New Monohydrie Alcohol, C,,H,,-OH. 


The above described acid, melting at 92°, did not represent the 
whole of that portion of the ethereal extract of the resin which was 
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sparingly soluble in this solvent. It was evident that a mixture of 
other substances of lower melting point was present in the mother 
liquors together with a trace of a compound melting above 250°, which 
will be referred to later. A further and much larger quantity of the 
sparingly soluble material was obtained, and submitted to fractional 
distillation under diminished pressure, when the following fractions 
were collected: below 250°, 250—290°, 290—320°, 320—360°/13 mm. 
The last two fractions, on crystallisation, yielded a product which 
melted at 87°, and, on analysis, was found to consist essentially of the 
above-described acid (m. p. 92°). The portion boiling below 250° was 
only small in amount and was not examined, but the fraction 
250—290°/13 mm. yielded a product which crystallised from ethyl 
acetate in flattened needles melting at 70°, and this melting point was 
not altered by repeated crystallisation. On analysis, it gave the 
following result : 


0:0907 gave 02778 CO, and 0°1136 H,O. C=83'5; H=13°9. 
C,,H,,0 requires C = 83°3 ; H = 13:5 per cent. 


This substance is evidently identical with the compound, melting at 
the same temperature, which was subsequently isolated from the 
portion of the ethereal extract of the resin which was more readily 
soluble in this solvent, although the percentage of carbon found is a 
trifle too high. It may be noted that its formula differs by the 
elements of one molecule of water from that of the above-described 
acid melting at 92°, but it is much more soluble than the latter in 
chloroform. 

The boiling point of the fraction, from which this substance was 
obtained, shows that the molecular weight of the compound cannot be 
twice that indicated by the above formula. The substance therefore 
contains only one oxygen atom, but, notwithstanding this fact, it can 
be removed completely from its solution in chloroform or benzene by 
means of sodium hydroxide, an insoluble, flocculent sodiwm compound 
being formed. The slight phenolic properties of the compound may 
be accounted for by regarding it as a tertiary alcohol and by its 
possessing such a high molecular weight. An acetyl derivative could 
not be obtained from it, and this also indicated that it did not contain 
a primary or secondary alcoholic grouping. Since no compound of the 
formula C,,H,,O0 has previously been described, it must, moreover, be 
regarded as a new substance. When dissolved in chloroform, it 
does not absorb bromine, and would therefore appear to possess a 
cyclic structure. 

The original alcoholic mother liquors, obtained after the preliminary 
purification by means of animal charcoal, of that portion of the 
ethereal extract of the resin which was sparingly soluble in this 
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solvent contained, as previously stated, a very small amount of a 
substance melting above 250°. They were therefore evaporated to 
dryness, and the residue extracted with boiling benzene. The small 
amount of material which remained undissolved by this treatment was 
crystallised from dilute pyridine, after which it melted at 285—290°, 
and by conversion into its acetyl derivative (m. p. 160°) was identified 
asipuranol, This trace of ipuranol, obtained from the ethereal extract 
of the resin, had evidently existed in the plant in the free state. 


Isolation of a New Monocarboxylic Acid, C,,H,,*CO,H. 


The original ethereal filtrate from the sparingly soluble precipi- 
tate, the examination of which has just been described, was shaken 
with a solution of ammonium carbonate. This caused the separa- 
tion of a flocculent ammonium salt, which was collected on a filter 
and well washed with ether. The aqueous portion of the filtrate from 
this precipitate yielded nothing on acidification. The precipitate was 
treated with dilute sulphuric acid, and the liberated acid extracted by 
means of chloroform. On removing the solvent, a green, wax-like 
solid was obtained, which was distilled under diminished pressure, 
after which it was crystallised from ethyl acetate with the use of 
animal charcoal. The acid then separated in small, glistening leaflets 
melting at 82°, and when again crystallised from ethyl acetate its 
melting point was raised to 84°: 

0:0938 gave 0°2748 CO, and 0°1104 H,O. C=79°9; H=13'1. 

After another crystallisation, the melting point of the substance 
remained unchanged, and it was again analysed : 

00950 gave 0:2784 CO, and 0:1103 H,O. C=79:9; H=12°9. 

C,,H,,0, requires C=80°0; H=12°9 per cent. 

As no compound possessing the formula C,,H;,0, has previously 
been described, the substance melting at 84° must be regarded as a 
new monocarboxylic acid. Its empirical formula would appear to 
indicate that it belongs to the oleic acid series, but, when dissolved in 
chloroform, it does not absorb bromine, and may therefore be 
considered to possess a cyclic structure. 

The ethyl ester of this acid was prepared in the usual manner, and, 
after being freed from traces of unchanged acid, was found to melt at 
75°. It crystallised from ethyl acetate in glistening plates, which 
dried to a parchment-like mat : 

00939 gave 0:2766 CO, and 0:1114 H,O. C=80°3; H=13°2. 

C,,H,,"CO-C,H, requires C = 80°3; H=13°0 per cent. 

The ethereal liquid, from which the above-described acid had been 

obtained in the form of its ammonium salt, was shaken with a solution 
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of sodium carbonate. Nothing was dissolved by this alkali, but a 
small amount of a flocculent precipitate separated, from which, 
however, no pure substance could be isolated. 

The ethereal liquid was then shaken with a solution of sodium 
hydroxide, when a flocculent, insoluble sodium compound separated. 
The latter was treated with dilute sulphuric acid, and the liberated 
substance extracted by means of chloroform. On removing the 
solvent, a residue was obtained which contained a considerable amount 
of chlorophyll. It was purified by several distillations under diminished 
pressure, and finally by crystallisation from ethyl acetate, when 
colourless, flattened needles, melting at 70°, were eventually obtained : 

0:0847 gave 0:2583 CO, and 0°1061 H,O. C=83:2; H=13°9. 

00984 ,, 03003 CO, ,, 0:1212 H,O. C=83:2; H=13°7. 

C,,H,,0 requires C= 83'3 ; H=13'5 per cent. 

This compound was identical with the previously-described substance 
of the same composition and melting point, which is probably a 
tertiary alcohol. 

The final ethereal solution, which had been extracted by alkalis 
as above described, contained only a trace of amorphous, green 
substance. 


Chloroform, Ethyl Acetate, and Alcohol Extracts of the Resin. 


The chloroform extract of the resin amounted to about 6 grams, and 
was evidently a complex mixture. It was shaken with aqueous alkalis, 
but no pure substance could be obtained from it. 

The portion of material removed by ethyl acetate was very small. 
It consisted of resin together with a trace of d-mannitol, which had 
escaped extraction by water during the preliminary treatment. 

The remaining small portion of the resin, which was soluble only in 
alcohol, consisted of a brown, amorphous product. 


Examination of the Brown Resin (8B). 


This product, as first obtained, was a heavy, brown, viscid syrup. 
After being completely freed from substances soluble in cold water, it 
was dried on a water-bath, when it formed a somewhat soft, brown 
resin, amounting to 283 grams. This was dissolved in alcohol, and 
the solution evaporated on purified sawdust, after which the dry 
material was extracted successively in a large Soxhlet apparatus with 
ether, chloroform, ethyl acetate, and alcohol. 

The amount of material removed by ether was very small. It was 
freed from a trace of substance soluble in petroleum, redissolved in 
ether, and then extracted with a solution of ammonium carbonate. 
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The aqueous, alkaline liquid thus obtained, after filtering, was acidified 
with sulphuric acid, a small quantity of precipitated tarry matter 
removed, and the solution then extracted many times with ether. 
The ethereal liquid, on evaporation, yielded a small, crystalline residue, 
which, after recrystallisation from alcohol, melted at 265°, and was 
identical with a compound which was subsequently obtained in larger 
amount from the aqueous liquid (C). No other crystalline substance 
could be obtained from the ethereal extract of the brown resin. 

The chloroform extract of the brown resin was relatively small in 
amount, and, although exhaustively examined, it yielded nothing 
crystalline. 

The ethyl acetate extract represented the greater part of the brown 
resin, but nothing could be separated from it. A large proportion of 
it was only sparingly soluble in ethyl acetate, and, in view of the 
possibility of this containing a glucosidic substance, it was freed from 
any traces of sugar and then heated with dilute alcoholic sulphuric 
acid. On evaporating the alcohol after this treatment, a quantity of a 
black resin was obtained, from which nothing could be isolated, but, 
after removing the sulphuric acid from the aqueous liquid, the latter 
yielded a small quantity of d-phenylglucosazone. It was thus evident 
that some material of a glucosidic nature was present in the ethyl 
acetate extract. 

The remaining portion of the brown resin, which was soluble only 
in alcohol, amounted to about one-third of the whole. Its solution in 
alcohol dried to a hard, brown varnish. When treated with dilute 
alcoholic sulphuric acid, it yielded a quantity of dextrose, but the only 
other product was an amorphous resin. 


Examination of the Aqueous Liquid (C). 
Isolation of a New Phenolic Substance, Olenitol, C,,H,,0,. 


The concentrated aqueous liquid (C’) was repeatedly extracted with 
ether, the combined ethereal liquids shaken with several successive 
portions of a solution of sodium carbonate, and the alkaline liquids 
then separately examined. The liquid obtained by the first extraction 
with sodium carbonate yielded, on acidification, a precipitate of a dark 
brown, heavy oil, and, when allowed to stand for some time, it also 
deposited a small amount of pale yellow crystals. The mixture was 
shaken with a small volume of ether, when apparently only the oil 
dissolved, and the crystals were then collected on a filter. The ethereal 
portion of the filtrate was then separated, but this was found to contain 
only a brown, oily product. A further small quantity of the crystalline 
substance was, however, obtained by repeatedly extracting the acid, 
aqueous liquid with ether. 
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The liquid obtained by shaking the ethereal extract of the aqueous 
liquid with a second portion of sodium carbonate solution also yielded 
a small amount of this crystalline substance, but all the subsequent 
extractions with this alkali gave only tarry products. The original 
ethereal liquid, after complete extraction with sodium carbonate, 
yielded only a brown, viscid syrup. 

The different portions of the crystalline substance were mixed and 
recrystallised from alcohol, when it was obtained in short, yellow 
needles melting at about 265°. This product was found to be identical 
with the small amount of crystalline substance which had been ob- 
tained from the ethereal extract of the brown resin, as already 
described. The products from the two sources were therefore mixed 
and again crystallised from alcohol, after which the substance still 
melted at about 265°, although not quite sharply, some decomposition 
occurring. On drying at 110°, it was found to be anhydrous : 


00988 gave 0:2220 CO, and 0:0338 H,O. C=613; H=3°8. 


As the amount of this substance available was not sufficient for 
another analysis, a further portion of it was obtained by working up 
a larger quantity of the original extract of the bark, and this, on 
analysis, gave the following result : 

00988 gave 02216 CO, and 0°0327 H,O. C=61:'2; H=3°7. 

C,,H,,0, requires C= 61:3; H=3°6 per cent. 

The properties of this substance do not agree exactly with those of 
any compound of the formula C,,H,,0, which has previously been 
described. It was thought, however, that it might possibly be 
identical with a substance prepared by A. Michael (J. pr. Chem., 1887, 
[ii], 35, 510) by the condensation of ethyl oxalate with resorcinol, 
which is stated to fuse at about 259°. A quantity of the latter 
substance was therefore prepared, but was found to differ totally 
in many of its properties from the compound from olive bark. The 
yellow, crystalline substance C,,H,,O, is therefore a new compound, 
and it is proposed to designate it olenitol. 

Olenitol is slightly soluble in water, ether, or ethyl acetate, and 
somewhat more readily so in alcohol. Its dilute solution in water or 
aqueous alcohol is slightly yellow, and exhibits a pale blue fluorescence. 
When dissolved in cold sulphuric acid, olenitol gives a colourless 
solution, but its solution in alkalis is intensely yellow, and, when 
largely diluted, displays a violet-blue fluorescence. An aqueous solu- 
tion of olenitol gives with ferric chloride an intense, moss-green 
colopr. 

Olenitol does not contain a carboxyl group, since its acetyl derivative 
is insoluble in cold aqueous alkalis, It must, therefore, be regarded 
as a phenolic compound, Methoxyl groups also do not appear to be 
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present, for the olenitol was recovered unchanged after being boiled 
for an hour with 70 per cent. sulphuric acid. 

Acetylolenitol was prepared by boiling olenitol with acetic anhydride 
for half an hour. The anhydride was then decomposed by water, and 
the greater part of the acetic acid neutralised by sodium carbonate. 
Acetylolenitol then separated in a crystalline form, and, after recrys- 
tallisation from alcohol, was obtained in nearly colourless leaflets, 
melting at 130°. The amount of this derivative was, however, not 
sufficient for analysis. 

The original aqueous liquid, which had repeatedly been extracted 
with ether, was shaken with many successive portions of amy] alcohol. 
This treatment removed about 80 grams of a product which was 
similar in appearance to the previously-described brown resin (8). 
It was exhaustively examined, and found to be a very complex 
mixture. All the products obtained from it were brown, very viscid 
syrups, which, when dissolved in boiling water, reduced Fehling’s 
solution, but nothing crystalline could be obtained from them. 

The aqueous liquid, after being freed, from amyl alcohol by means 
of steam, was treated with an excess of a solution of basic lead acetate. 
A bulky, yellow precipitate was thus obtained, which was collected on 
a filter, well washed with boiling water, then suspended in water, and 
decomposed by hydrogen sulphide. The liquid filtered from the lead 
sulphide, when concentrated, formed a brown syrup, which appeared 
to contain a large amount of tannic matter, but the only crystalline 
substance that could be isolated from it was a trace of oxalic acid. 

The filtrate from the basic lead acetate precipitate was deprived of 
lead, and concentrated under diminished pressure, when, on allowing 
it to stand for some time, it deposited a quantity (55 grams) of 
crystals. These were collected and recrystallised from dilute alcohol, 
after which they melted at 165° and were identified as d-mannitol : 

0°1035 gave 0:1505 CO, and 0°0750 H,O. C=39:'7; H=8-0. 

C,H, ,0, requires C =39'6 ; H=7°7 per cent. 

The original syrupy filtrate from the d-mannitol readily reduced 
Fehling’s solution, and evidently contained a large amount of sugar, 
for, when warmed with phenylhydrazine acetate, it yielded d-phenyl- 
glucosazone, which, when heated somewhat rapidly, melted at 217°. 

The liquid was further tested for the presence of a glucoside, but 
only a black resin and a little furfuraldehyde were obtained. 


Summary. 


The results of this investigation may be summarised as follows: 
The air-dried olive bark employed, on percolation with hot alcohol, 
yielded about 30 per cent. of its weight of extracted material, of which 
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61‘5 per cent. was soluble in cold water. A further 32°3 per cent. 
could be dissolved by boiling water, but separated on cooling, whilst 
the remainder amounting to about 6:2 per cent., was quite insoluble in 
either cold or hot water. 

The portion of the alcoholic extract which was dissolved by cold 
water contained an amount of d-mannitol equivalent to nearly 1°9 per 
cent. of the weight of air-dried bark, together with tannic matter, 
viscid, brown products, and a sugar which yields d-phenylglucosazone. 
It also contained a small amount of a new, crystalline phenolic 
substance, olenitol, C,,H,,0, (m. p. 265°), dilute solutions of which 
show a blue fluorescence. Acetylolenitol melts at 130°. 

The portion of the alcoholic extract which was soluble in hot but 
not in cold water consisted for the most part of brown, resinous 
products, some of which yielded glucose on hydrolysis, but a small 
amount of olenitol was also obtained from them. 

The material insoluble in water consisted chiefly of a mixture of 
new monocarboxylic acids, all of which crystallise from ethyl acetate 
in small leaflets. .They have the following composition and properties : 
(1) an acid, C,,H,*CO,H (m. p. 69—70°), which yields an ethyl ester 
melting at 63°; (2) an acid, C,,H,,-CO,H (m. p, 79°), the ethyl ester 
of which melts at 66°5°. Both of these acids are soluble in petroleum 
(b. p. 35—50°); (3) an acid, C,,H,.°CO,H (m. p. 92°), which is 
insoluble in petroleum, and yields an ethyl ester melting at 87°; 
(4) an acid, C,,H,,-CO,H (m. p. 84°), which yields an ethyl ester 
melting at 75°, and, like the preceding one, is insoluble in light 
petroleum. In addition to these acids, a substance, probably a 
tertiary alcohol, C,;H,.0 (m. p. 70°), was obtained, together with a 
small amount of pentatriacontane, C©,,H,. (m. p. 74—75°), a 
phytosterol, C,,H,,O0 (m. p. 136°; |a],—35°2°), the acetate of 
which melts at 119°5°, and a very small amount of a substance, 
C.,H,,0,(0H), (m. p. 285—290°), which yields an acetyl derivative, 
C.,H,,0,(CO-CH,),, melting at 160°. This last-mentioned substance 
is identical with a compound which has recently been isolated by 
Power and Rogerson from Jpomoea purpurea, and designated ipuranol. 

In conclusion it may be noted that the constituents of olive bark are 
quite dissimilar to those of the leaves, as our investigations have 
shown that only three substances are common to both, namely, 
d-mannitol, sugar, and pentatriacontane. In view of the large 
percentage of fatty oil contained in the ripe fruit of the olive tree, it 
may also be considered remarkable that the bark should be devoid of 
even traces of the ordinary fatty acids. 


THE WELLCOME CHEMICAL RESEARCH LABORATORIES, 
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LXXXV.—The Refraction and Dispersion of Triazo- 


compounds. 
By James CHARLES PHILIP. 


THE spectrochemistry of nitrogen has been made the subject of 
exhaustive investigation by Briihl (Zeitsch. physikal. Chem., 1894, 
16, 193, 226, 497, 512; 1897, 22, 373; 1898, 25, 577; 26, 47), 
and from his researches it appears that the contribution which the 
nitrogen atom makes to the molecular refraction or dispersion of 
a compound depends very markedly on the character and arrangement 
of the other atoms or groups with which the nitrogen is linked. This 
result obviously suggests that the determination of the optical 
constants of a compound containing nitrogen may be useful in 
throwing light on its constitution, and Briihl himself has made 
frequent use of refraction and dispersion for this purpose. 

It has been found possible to add a little to our knowledge of the 
spectrochemistry of nitrogen by a study of the interesting triazo- 
compounds recently prepared and described by Forster and Fierz (this 
vol., 72, 669 ; also Proc., 1908, 24, 102). Unlike the majority of the 
azoimides hitherto known, many of these triazo-compounds are liquids, 
and are therefore particularly suitable for a study of refractive and 
dispersive power. 

Acknowledgment must here be made of the author’s indebtedness 
to Dr. Forster and Dr. Fierz, who very kindly put at his disposal the 
materials required for this and the following investigation. Without 
their co-operation the work could not have been undertaken. 

Two of the compounds examined, namely, phenylazoimide and 
benzylazoimide, were very kindly prepared by Dr. Fierz for the special 
purpose of this investigation. Twospecimens of the former were made, 
one (a) by Emil Fischer’s method, and the other (6) by Noelting and 
Michel’s method. The specimen of benzylazoimide, prepared by heating 
benzyl chloride with sodium azide, boiled at 72° under a pressure of 
8 mm. ; on redistillation, the middle fraction, boiling at 64° under a 
pressure of 3 mm., was collected, but it was found that the molecular 
refraction was not altered by the redistillation. The»description of 
the preparation and properties of triazoethyl alcohol, N,*CH,*CH,°OH, 
another of the substances examined, will appear in a future com- 
munication by Dr. Forster and Dr. Fierz. 

The refractive indices at 24°9° for the H,, D, and H, lines were 
determined with a Pulfrich refractometer. A steady temperature 
was attained by circulating water from a thermostat by a small 
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rotary pump in the way described by Lowry (7Zrans. Furaday Soc., 
1907, 3, 119). This method of providing a current of water at 
constant temperature is very satisfactory, and may be highly recom- 
mended. 

The densities of the various liquids were determined with a 
pyknometer, and the values recorded below are those obtained at 
24:9°, the temperature at which the refractive indices were 
determined. The weighings were in all cases corrected for displaced 
air. 

The observed values of density and refractive index are recorded in 
the following table: 


TABLE I. 

Substance. d. Nas Np. Ny. 
Ethyl triazoacetate ............ +. 11191 1°43281 1°48487 1°44657 
Ethyl a-triazopropionate ......... 1°0583 1°42610 1°42857 1°43994 
Ethyl 8-triazopropionate ......... 1:0798 1°43581 1°43833 1°45010 
Ethyl bistriazoacetate ............ 1°2204 1°46090 1°46400 1°47839 
Triazoethyl alcohol ............... 1°1435 1°45488 1°45778 1°47095 
Bistriasocthane ............006 «300 1°1699 1°47629 1°47976 1°49583 
BenZylIASOUMIGS ........000ssessssaees 1°:0655 1°52923 1°53414 1°55748 
Ethyl triazoformate ............ .. 1°1082 1°41353 1°41623 1°42861 
Phenylazoimide (@) .............06 1°0871 — 1°5588 — 

- WD cassciciahusanscn 1°0896 1°55227 1°55886 -- 
a-Naphthylazoimide ............... 11713 1°64481 1°65501 — 


The colour of phenylazoimide and a-naphthylazoimide prevented the 
determination of n, for these substances, 

In the following table II are given in the second column the values 
of the molecular refraction [MR p= 55 ; in the third column, 
the values of the molecular dispersion (M.R.],-[M.R.J],; in the 
fourth column, the contribution to the molecular refraction which is to 
be assigned to the N,-group, and in the fifth column the amount 
contributed to the dispersion by the N,-group. Except where 
specially noted, the values in the fourth and fifth columns are obtained 
by subtracting from the experimental values of the molecular 
refraction or dispersion the total contributions of the other atoms in 
the molecule. For this purpose, the following values of the atomic 
refraction and dispersion have been employed: refraction, C, 2°501 ; 
H, 1:051 ; O (hydroxyl), 1-521 ; O (ether), 1°683 ; O (carbonyl), 2°287 
(see Ostwald-Luther, Physiko-chemische Messungen, p. 234) : dispersion, 
C, 0°039; H, 0:036; O (hydroxyl), 0°019; O (ether), 0°012; 
O (carbonyl), 0°086 (see Briihl, Zei‘sch. physikal. Chem., 1891, 
7, 191). 
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TaBLeE II. 

Contribution of N,-group to 

Substance. [M.R.]o. [M.R.Jy-[M.R.Ja. Refraction. Dispersion. 
Ethyl triazoacetate .. ......... 30°07 0°856 - 8°74 0°35 
Ethyl] a-triazopropionate...... 34°80 0°977 8°87 0°36 
Ethyl 8-triazopropionate ... 34°79 0984 8°86 0°37 
Ethyl bistriazoacetate ...... 38°42 1°242 9°07 0°38 
Triazoethy] alcohol ............ 20°75 0626 8°97 0°35 
Bistriazoethane.................. 27°18 0°942 8-98 0°36 

Benzylazoimide.................. 38°82 1°701 8°85* 0°37* 

Ethyl] triazoformate ......... 26°05 0°826 9°32 0 43 
Phenylazoimide (¢) ............ 35°33 _ 10°27* -- 
* RRS 35°25 on 10°19* <i 
a-Naphthylazoimide ......... 52°95 _ 1056+ — 


* In these cases, the contributions of the phenyl and benzyl radicles have becn 
obtained by subtracting the atomic refraction (or dispersion) of hydrogen from the 
molecular refraction (or dispersion) of benzene and toluene (for latter data, see 
Perkin, Trans., 1900, 77, 273). 

+ The contribution of the a-naphthyl radicle was obtained by subtracting the 
atomic refraction of bromine from the molecular refraction of a-bromonaphthalene 
(see Briihl, Zeitsch. physikal. Chem., 1897, 22, 408). 


The only one of these substances the refraction of which has 
already been determined is phenylazoimide. Briihl (Zettsch. physikal. 
Chem., 1894, 16, 222) gives 35:93 as the value of [M.R.], for this 
substance, whilst on the basis of Perkin’s data (Trans., 1896, 69, 
1232) the value is 35:14. The values recorded in the foregoing table 
are in good agreement with Perkin’s figure, and it is worthy of note 
that the specimen of phenylazoimide examined by him was prepared 
by a different method, namely, by the action of nitrosyl chloride on 
phenylhydrazine (Tilden and Millar, Trans., 1893, 63, 256). Briihl’s 
value is undoubtedly too high. 

On reference to table II, it will be seen that, apart from ethyl 
triazoformate, phenylazoimide, and a-naphthylazoimide, the exceptional 
behaviour of which will be discussed later, the increment of the 
refraction or dispersion due to the N,-group is remarkably uniform. 
Ethyl triazoacetate gives lower values than most of the substances, 
whilst ethyl bistriazoacetate, in which two N,-groups are attached to 
the same carbon atom, gives figures which are rather above the 
average. The mean value of the increment in the refraction for the 
first seven compounds in the table is 8°91; the mean value of the 
increment in the dispersion is 0°36. From Briihl’s researches, it 
appears that the atomic refraction of nitrogen in -NH,, as deduced 
from a study of the hydrazines, hydroxylamine, ammonia, and 
aliphatic amines, is 2°48, and the atomic dispersion 0°08. The optical 
effect therefore of the N,-group, whether considered in reference to 
refraction or dispersion, is more than three times that of the single 
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nitrogen atom in its simplest linkings. On the other hand, the value 
just deduced for the refraction of the N,-group is not much greater 
than that found for the two nitrogen atoms in diazoacetic ester ; 
according to Briihl, the value of [M.R.], for this substance is 28°71, 
whence the increment due to the N,-group is 8°43. The dispersion 
due to the two nitrogen atoms in diazoacetic ester is found by Briihl 
to be 0°90, or more than twice as great as the increment due to the 
three nitrogen atoms in the triazo-group. 

Attention has frequently been directed (see, for example, Curtius, 
Ber., 1896, 29, 772) to the fact that a compound containing the 
N,-group exhibits a marked similarity to the corresponding compound 
in which a halogen atom takes the place of this group. This parallelism 
is further emphasised by the values of the optical constants. The 
refraction increment due to the N,-group is, as already stated, 8°91 ; the 
atomic refraction of bromine is 8°93. The dispersion increment due to 
the N,-group is 0°36 ; the atomic dispersion of bromine is 0°35. This 
almost complete coincidence between the optical influence of the triazo- 
group and the bromine atom finds its first expression in the fact that 
the molecular refraction and dispersion of the triazo-compounds are 
practically the same as those of the corresponding bromine compounds. 
Thus, for example, the value of [M.R.]p for bistriazoethane is 27°18, and 
for ethylene dibromide, 26°99, whilst the molecular dispersions of the 
two substances are respectively 0°94 and 0°95. Again, the molecular 
refraction of ethyl a-triazopropionate is 34°80, whilst that of ethyl 
a-bromopropionate is 34°70. 

In discussing the conclusions to be deduced from the data in 
table If, the abnormally high figures obtained for the refraction of 
ethyl triazoformate, phenylazoimide, and a-naphthylazoimide have not 
yet been considered. There appears to exist in these cases some special 
influence which raises the refraction increment for the N,-group 
considerably above the normal value. This is best seen by comparing 
8°85, the contribution due to the triazo-group in benzylazoimide, with 
10°23, the mean value of the increment due to the same group in 
phenylazoimide. Such a different influence of the benzyl and phenyl 
groups on the refraction of an associated group has frequently been 
observed by earlier workers. Thus, for example, the refraction 
increment due to‘the *NH,-group is 4°41 in benzylamine, and 5°50 in 
aniline ; the refraction increment due to the *CN-group is 5:22 in 
phenylacetonitrile, and 6°53 in benzonitrile. 

Not only is the refraction increment due to the N,-group in ethyl 
triazoformate and phenyl- and a-naphthyl-azoimides abnormally high, 
but so also is the dispersion increment, So far as ethyl triazoformate is 
concerned, this will be obvious from table II, but, since n, could not 
be determined in the case of phenyl- and a-naphthyl-azoimides, it was 
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not possible to test the dispersive power of these substances in the 
same way. The refractive indices, however, for the Ha and D lines 
were ascertained, and the values of [ M.R. ], and [M.R.], —[M.R.]. have 
been worked out for these azoimides and the corresponding bromine 
compounds. 


Tasie ITI. 

Substance. [M.R.],. [M. R.]p - [M.R. Ja. 
Phenylazoimide .........-.....0000 35°29 0°34 
Bromobenzene ............seesseers 33°83 0°25 
a-Naphthylazoimide............... 52°95 0°66 
a-Bromonaphthalene ............ 51°32 0°54 


These figures show very clearly that the refractive and dispersive 
powers of the triazo-compound, instead of being, as one might expect, 
equal to those of the corresponding bromine compound, are very much 
higher. 

The experimental data which have been submitted make it evident 
that the optical influence of the N,-group is intensified in ethyl 
triazoformate, phenylazoimide, and a-naphthylazoimide, as compared 
with the other substances containing this group and enumerated in 
tables Iand II. The question then arises whether any intelligible 
explanation can be given of such a difference in behaviour. 

In this connexion, it is noteworthy that the phenomenon of a given 
group possessing an intensified optical influence in certain positions 
has been successfully referred to the contiguity of unsaturated groups. 
Briihl especially has shown (Trans., 1907, 91, 115; Ber., 1907, 40, 
878, 1153) that the presence in a molecule of the grouping O:C-C:C 
or C:C-C:0 invariably produces a marked increase of both refractive 
and dispersive power (compare also Perkin and Kay, Trans., 1906, 
89, 839; Sir W. H. Perkin, Trans., 1907, 91, 806; Smedley, this 
vol., 372). It is interesting therefore to find that in each of the 
triazo-compounds which exhibit exceptional optical behaviour, the 
N,-group is adjacent to a doubly-linked carbon atom. In the case of 
ethyl triazoformate, this adjacent carbon atom is doubly linked to 
oxygen ; in the cases of phenyl- and a-naphthyl-azoimides, the carbon 
atom which is linked to the N,-group is also doubly linked to one of 
the adjacent carbon atoms in the ring. From this point of view, ethyl 


, may be compared with ethyl crotonate, 


triazoformat f 
riazoformate, N,-C-OEt 


O 
1H : : : : 
C,H, !CH-C-OEt’ the molecular refraction and dispersion of which are 


exceptionally high, whilst the effect of the contiguous ethylene linking 
on the optical influence of the N,-group in phenyl- and a-naphthyl- 
azoimides is similar in kind to the effect of such a linking on the 
optical influence of the NH,-group in o-toluidine. 
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Optically, therefore, the N,-group behaves as an unsaturated 
complex. On analogy with the ethenoid group, one might be tempted 
to conclude that the particular nitrogen atom in the triazo-group 
which is linked to carbon must be doubly linked to one or both of the 
other nitrogen atoms. Such a conclusion, however, is hardly warranted, 
for Briihl has shown that the optical influence of the NH, and OH 
groups, in which there are no double linkings, is intensified in conjuga- 
tion with the ethenoid group. The amino- and hydroxyl groups each 
contain an element the valencies of which are not all satisfied, and 
they may therefore be regarded as complexes with residual aflinity. 
Since the N,-group is built up out of one of these elements, it is not 
surprising that, so far as the optical evidence goes, it also should behave 
as a complex with residual affinity. 

On the interesting question how the linkings of the three nitrogen 
atoms in the triazo-group should be represented, one fact at least 
brought out by this investigation throws some light. The complex 
N, may be represented in various ways, namely : 


N N N 
. . _ . < 1] . : 
NY NX NX N:NiN 
1. Il. Ill. IV. 


The first of these representations is the one which is generally 
employed by those who have occasion to deal with the N,-complex, 
although it does not appear that there is any definite evidence in favour 
of formulation I as against the others. Some years ago (Proc., 1893, 
9, 57), Armstrong argued against the custom of representing phenyl- 


azoimide as C,H, N<U, suggesting that it might be regarded as a 


—NI—N 

<P i tee on the assumption of the existence of latent 
affinities. The possibility of the formulation IV has recently been 
entertained by Forster and Fierz (this vol., 75), and compounds 
have been prepared by Dimroth (Ber., 1907, 40, 2376) which seem 
to show that the ring, if it exists, may be opened without difficulty. 
Thus the reduction of phenylazoimide leads readily to the formation 
of phenyltriazen, which, according to Dimroth’s investigations, exists 
in two chemically isomeric forms ; for these isomerides, the following 
formule are suggested: C,H,-N:N-NH, and OH Nt 

The one fact brought out by this investigation which seems to 
have a bearing on the question is the relative optical infiuence of the 
diazo- and triazo-groups. It has already been pointed out that, whilst 
the refraction value for the N,-group is normally 8-91, the refraction 
value of the N,-group in ethyl diazoacetate is very little less, namely, 


dinitrile, 
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8-43, and, further, that the dispersion increment due to the two 
nitrogen atoms in ethyl diazoacetate is more than twice as great as 
the dispersion increment due to the three nitrogen atoms in ethyl 
triazoacetate and similar compounds. This is very striking, and 
lends support to the view that formulation I is to be preferred for 
the triazo-group, for it is the common experience of workers in 
this field that the accumulation of multiple linkings markedly raises 
the refraction and dispersion values, and the evidence just quoted 
shows that the optical influence of the triazo-group is relatively low. 
Consideration of the evidence, in fact, shows that formulations IT, III, 
and IV for the triazo-group are unlikely, and that the arrangement 


cf is the most probable. 


If this view is adopted, it is difficult to account for the relatively 
much higher refractive and dispersive power of the diazo-group in 
ethyl diazoacetate on the basis of the ordinarily accepted formula : 


R>cH-co, Rt. The optical evidence taken alone would seem to 


suggest that one or both of the nitrogen atoms in ethyl diazoacetate 
are quinquevalent, as in the formula N?N:CH°CO,Et or 


N 
> CH-CO, Et. 


It is, indeed, customary to introduce quinquevalent nitrogen only in 
the formulation of compounds of the ammonium chloride type, but, 
in view of the optical evidence, the two foregoing formule cannot 


N 
be ignored. The expression BOC, Et for ethyl diazoacetate, 


although perhaps accounting for the optical exaltation by a Thiele 
conjugation, would involve a different type of structure for the higher 
members of the series, and, in absence of information relating to the 
optical properties of these, such an assumption would not be justified, 
Whatever be the explanation, the fact remains that the optical 
imfluence of the triazo-group is relatively lower than that of the 
diazo-group in similar compounds. 

Briihl’s discussion of the relative influence of the diazo- and triazo- 
groups (Zeitsch. physikal. Chem., 1898, 25, 597) is not convincing, since 
he compared the diazo-group in ethyl diazoacetate with the triazo-group 
in phenylazoimide; as has been shown in this paper, the latter 
compound exhibits an optical exaltation by reason of which such a 
comparison cannot be considered legitimate, In fact, Briihl himself 
admits that the optical constants of that nitrogen atom in phenyl- 
azoimide which is next the benzene ring are possibly higher than the 
normal values. 
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It has not yet been possible to examine triazen derivatives in which 
the nitrogen atoms are undoubtedly arranged in an open chain. 
When this can be done, further interesting information as to the 
spectrochemistry of nitrogen, and possibly as to the relation of the 
nitrogen atoms in the triazo-group, will be available, 


RoyAL CoLLEGE OF SCIENCE, 
Lonpon, S.W. 


LXXXVI.—The Dissociation Constants of Triazoacetic 
and a-Triazopropionice Acids. 


By James CHARLES PHILip. 


Ir has been generally recognised that the behaviour of azoimide is in 
many respects similar to that of the hydrogen halides. The similarity, 
however, does not extend to all their properties, for, whilst hydrogen 
chloride, hydrogen bromide, and hydrogen iodide in aqueous solution 
are among the strongest acids known, azoimide is only feebly acidic, 
approximately equal in strength to acetic acid (Curtius and Raden- 
hausen, J. pr. Chem., 1891, [ii], 43, 207 ; West, Trans., 1900, '7'7, 705). 
Since the preparation of triazoacetic and a-triazopropionic acids by 
Forster and Fierz (this vol., pp. 72 and 669), a little more material is 
available for the study of the way in which the strength of an acid is 
affected by the substitution of the triazo-group for a halogen atom. 
The dissociation constants of triazoacetic and a-triazopropionic acids 
have therefore been determined, specimens of the two compounds 
being very kindly supplied by Dr. Forster. 

The conductivity of various solutions of the acids and of their 
sodium salts was determined at 25° by the usual Kohlrausch method. 
The pure redistilled water employed in making up and diluting the 
solutions had a specific conductivity of 2x 10~° at 25°. A correetion 
was made for this in the case of the sodium salt solutions only. These 
last were prepared by exactly neutralising a known quantity of 
standard sodium hydroxide with the acid under examination. 

The equivalent conductivities of the sodium salts at infinite dilution 
were found by extrapolation from the observed values in the way 
suggested by Bredig (Zeitsch. physikal. Chem., 1894, 13, 191). For 
sodium triazoacetate, A, =91, the same as the corresponding figure 
for sodium monobromoacetate ; for sodium a-triazopropionate, A. = 87, 
which is also the value for sodium a-bromopropionate. If the ionic 
conductivity of hydrogen at 25° is taken as 350, and that of sodium 
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as 51, the values of A, at this temperature for triazoacetic and 
a-triazopropionic acids are respectively 390 and 386. 

The results obtained for the conductivity of the acids are recorded 
in the following tables. 


Triazoacetic Acid. 


Mols. A a 


per litre. PN " Sit K (l-a)V" 
0°0698 43°7 0°112 0°00099 
0°0349 59°5 0°153 0°00096 
0°01745 80°1 0°205 0°00093 
0°00698 117°1 0300 0:00090 
000349 151°6 0389 000086 


a-Triazopropionic Acid. 


Mols. = ae 
per litre. A. a“ “G-aVv 
0°0614 43°4 0°112 0°00088 
0°0307 59°9 0°155 0°00088 
0°01535 81°2 0°210 0°00086 
0°00614 119°6 0°310 0:00086 
0°00307 155°5 0°403 000084 
2 
The values of the expression a = yr’ instead of being independent 
—-a 


of the dilution as might be expected, show a distinct decrease in the 
case of triazoacetic acid and a slight decrease in the case of a-triazo- 
propionic acid. The cause of this is probably a slight trace of sulphuric 
acid in the specimens of the acids. The apparatus and method of 
work were tested by determining the conductivity of potassium chloride 
solutions ; values were obtained in close agreement at all dilutions 
with the figures recorded by Ostwald, Bredig, and Walden, so that the 
diminution in the value of X for triazoacetic and a-triazopropionic acids 
cannot be attributed to errors in the determination of the conductivity. 
It was thought that it might be due to some slight decomposition pro- 
moted by the finely-divided platinum on the electrodes, but this 
explanation was discounted by the observation that the resistance of a 
solution of triazoacetic acid did not change during several hours’ con- 
tact with the platinised platinum electrodes of the conductivity cell. 
It appears therefore most probable that the specimens of the acids 
which were used contained a slight trace of sulphuric acid, which 
would be sufficient to account for the diminution in the value of X 
with dilution. Sulphuric acid was used in the preparation of the speci- 
mens, and, as it was not possible to purify the acids by distillation or 
crystallisation (see Forster and Fierz, loc. cit.), the presence of such an 
impurity is not improbable. 

In spite of the fact that the value of X decreases on dilution, it will 
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be sufficient for the purpose of this investigation to take for the dis- 
sociation constant the mean of the figures given in the foregoing 
tables. Hence, for triazoacetic acid, 100K =0:093 ; for a-triazopro- 
pionic acid, 100K=0°086. It is instructive to compare with these 
the values of 100X for the corresponding halogen derivatives of acetic 
and propionic acids : 


100 X 
Monochloroacetic acid.................. 0°155 
Monobromoacetic acid ... ............. 0°138 
Monoiodoacetic acid ............-.000: 0075 
a-Bromopropinnic acid ............... 0108 


From these figures, it will be seen that the introduction of a triazo- 
group into the molecule of acetic acid has an effect on the strength of 
the acid which is rather less than that due to a bromine atom and 
rather greater than that due to an iodine atom. This result is further 
evidence of similarity in the functions of the triazo-group and a halogen 
atom. 


Roya. CoLLEGE OF SCIENCE, 
Lonpon, S.W. 


LXXXVII.—The Spontaneous Crystallisation of Sub- 
stances which form a Continuous Series of Mixed 
Crystals. Mixtures of Naphthalene and 8-Naphthol. 

By Henry A. Miers, F.R.S., and Fiorence Isaac. 


Our study of spontaneous crystallisation has, up to the present, been 
confined to mixtures in which the components crystallise out in the 
pure state alone, such as mixtures of salol and betol, aqueous solutions 
of sodium nitrate, sodium chlorate, etc., and mixtures of sodium 
nitrate and lead nitrate in water. 

The present investigation deals with the spontaneous crystallisation 
of mixtures of naphthalene and f-naphthol, which are said to form a 
continuous series of mixed crystals, and also with the freezing- and 
melting-point curves for these mixtures. ; 

Mixed crystals of naphthalene and f-naphthol have been investi- 
gated by van Bijlert (Zeitsch. physikal. Chem., 1891, 8, 362), Crompton 
and Whiteley (Trans., 1895, 67, 333), Kiister (Zeiisch. physikal. Chem., 
1895, 1'7, 360), and Bruni (Rend. Accad. Lincei, 1898, 2, 138). The 
addition of naphthalene to @-naphthol depresses the freezing point, 
and it was found by Kiister that the depression is proportional to the 
amount of naphthalene added, so that the freezing-point curve was 
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stated by him to be a straight line joining the melting points of the 
two components. He admitted that this was directly opposed to the 
experimental result of van Bijlert, who came to the conclusion that 
‘in a solution of 8-naphthol in molten naphthalene, a solid solution 
separates which is considerably richer in #-naphthol than is the 
remaining mother liquor.” 

Since Kiister’s conclusions are directly opposed to the generally 
accepted theoretical considerations, experiments were made by Bruni 
in which the freezing points of the crystals and of the liquid from 
which they have separated were determined independently ; he con- 
cluded that the crystals always possessed a freezing point somewhat 
above that of the original solution and were richer in -naphthol, 
whilst the remaining liquid possessed a lower freezing point and was 
poorer in 8-naphthol, 


The Crystals of Naphthalene, B-Naphthol, and their Mixtures, 


The crystalline form of naphthalene has been described by Groth 
(Physikalische Krystallographie, 1905, p. 380) and by Negri (Gazzetta, 
1893, 23, ii, 375). 

The crystalline form of B-naphthol has also been described by 
Groth (Annalen, 1865, 152, 285) and by Liweh (Zeitsch. Kryst. Min., 
1886, 11, 249). 

No further goniometric measurements were therefore made by us, 
but naphthalene, #-naphthol, and their mixtures were examined 
under the microscope with a view to their identification in minute 
crystals. The microscope was fitted with a heating stage by means of 
which the crystals could be melted by a small gas flame placed under 
the stage or could be allowed to grow by sudden cooling. The cooling 
was effected by means of an arrangement of two tubes through which 
a current of cool air could be forced on to the surface of the micro- 
scope slide or cover glass. 

Naphthalene.—A. drop of a solution of naphthalene in alcohol, placed 
ou a microscope slide under a cover glass and allowed to evaporate 
slowly, gives plates of naphthalene of rhombic outline, having an 
approximate angle of 71°20’ and diagonal extinction. The angle 
of the rhomb calculated from the measurements of Groth and Negri 
is 71°16’. The interference figure shows one optic axis lying in the 
plane of the longer diagonal of the rhomb and visible on the edge of 
the field, and the birefringence about the normal to the plate is 
positive. The angle between the direction of emergence of the optic 
axis and the normal to the crystal plate is 42°30’ approximately, 
as measured by means of a micrometer eyepiece. All the rhombs 
which appear correspond precisely with the above description, except 
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that in a few cases the acute angle of the rhomb is truncated by a 
small face equally inclined to the two edges, thus giving it a hexagonal 
appearance. 

Naphthalene allowed to crystallise from other solvents in the same 
manner under a cover glass on a microscope slide, or from the pure 
fused substance, yields crystals identical in all respects with the above. 

8-Naphthol.—Examined under the microscope on the heating stage 
described above, B-naphthol crystallised from a solution in water 
in rhombs having an approximate angle of 71° and diagonal extinction. 
The angle of the rhomb calculated from previous measurements is 
72°2’. The interference figure showed one optic axis on the edge 
of the field, and the birefringence about the normal is positive. The 
angle between the direction of emergence of the optic axis and the 
normal to the crystal plate is again approximately 42°30’. Therefore 
by mere examination under the microscope, it is impossible to 
distinguish a rhomb of naphthalene from one of $-naphthol. 

8-Naphthol was also examined while crystallising from fusion under 
a cover glass. The interference figure was always the same as that 
described above, but the crystals spread out so rapidly in a thin sheet, 
in spite of the gas flame under the stage, that it was impossible 
to measure any angles of the rhombs, their outline being quite 
indistinguishable. 

Mixtures of Naphthalene oat B-Naphthol.—Owing to the high 
temperature at which the mixed crystals of naphthalene and B-naphthol 
form, namely, between 79°5° and 121° for the various mixtures, it has 
not been found possible to isolate them for the measurement of their 
angles on the goniometer. The mixed crystals from the fused 
mixtures are always very thin plates or needles, which break up and 
become opaque as soon as they are touched. 

The fused mixtures have, however, been examined by the 
microscope as they solidified under a cover glass. Like the crystals of 
8-naphthol, the mixed crystals always spread out so rapidly under the 
cover glass that they showed no distinguishable outline. Their 
interference figures, however, could be determined. Three mixtures 
were examined, namely, naphthalene 80 per cent., and #-naphthol 
20 per cent.; naphthalene 50 per cent., and 8-naphthol 50 per cent., 
and naphthalene 30 per cent., and B-naphthol 70 per cent. These all 
gave precisely the same interference figure, having one optic axis 
visible on the edge of the field and positive birefringence ; thus com- 
pletely resembling the pure constituents. Further, the angle between 
the direction of emergence of the optic axis and the normal to the 
plate is always approximately 42°30’. 

Thus, under the microscope, it. is impossible to distinguish 
between naphthalene, B-naphthol, and the various mixed crystals, 
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This is unfortunate, because one of the chief objects of the present 
investigation was to ascertain the composition of the mixed crystals 
which separate spontaneously from a given solution, and it was hoped 
that this might be done by the exact determination of their optical 
characters. 

The Curve of Spontaneous Crystallisation.—In the experiments on 
the temperature of spontaneous crystallisation of naphthalene, 
B-naphthol, and their mixtures, the method adopted was one that had 
been used in the previous experiments on spontaneous crystallisation. 

The mixture was placed in a tube of Jena glass, which also 
contained some angular fragments of glass, and the tube was sealed. 
It was then heated in boiling water, hot brine, or olive oil, and the 
tube shaken thoroughly until all the crystals had completely melted. 
The tube was then allowed to cool gradually in a large beaker 
containing either water, brine, or olive oil, and was shaken continually 
by hand. The liquid in the beaker was kept continually stirred by a 
small revolving platinum vane driven by an electric motor, and two 
thermometers, one at the top and the other at the bottom of the 
beaker, showed the temperature of the liquid to be uniform throughout. 
When the temperature had fallen to a certain point, crystals made 
their appearance suddenly in the sealed glass tube, this temperature 
depending on the constitution of the mixture in the tube. The 
crystals which first appear in the tubes are thin, rhombic plates, which 
reflect light in bright colours, long crystal needles next appear and 
grow rapidly through the tube, and finally the whole mass solidifies 
and becomes opaque. 

On page 931 are given the results of these experiments, each of 
which was repeated several times. 

These results plotted on a concentration-temperature diagram give 
the supersolubility curve or curve of spontaneous crystallisation for 
all possible mixtures of naphthalene and f-n phthol. It will be seen 
from the diagram that this curve is very nearly a straight line 
joining the temperatures of spontaneous crystallisation of the pure 
components, namely, 77° for pure naphthalene and 117°5° for pure 
§-naphthol. 

The method of tracing the supersolubility curve or curve of 
spontaneous crystallisation by means of the change in the index of 
refraction, which has been used in all our previous work on spon- 
taneous crystallisation, was not applied in these experiments, for the 
high temperatures involved render the method inconvenient ; further 
difficulties are introduced by the fact that both naphthalene and 
8-naphthol sublime very readily, and it is therefore almost impossible 
to prevent inoculation in an open vessel, such as the trough of the 
goniometer. 
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Percentage constitution of 


mixture in tube. Temperature 
re ‘i ~ Method of heating of spontaneous 
Naphthalene. B-Naphthol. to dissolve crystals. crystallisation. 
100 0 In boiling water for 10 mins., 77° 
15 mins., and for 2 hours 
90-065 9°935 In boiling water for various 80°5 
lengths of time 
80°08 19°92 In boiling water for half an 84 
hour several times 
70°066 29°934 Heated to 101° in brine for 89-1 
various lengths of time 
60°38 39°62 Heated in brine to 101° for 92°75 
various lengths of time 
49°663 50°337 Heated for 15 mins. in olive 96°5 
oil to 110—115° 
40°615 59°385 Heated for 15 mins. in olive 101 
oil to 120° 
31°877 68°123 Heated for 15 mins, in olive 104°2 
oil to 120° 
20°03 79°97 Heated in olive oil for 15 108°8 
mins. to 120° 
9°227 90°773 Heated in olive oil 113 
0 100 Heated in olive oil 117°5 


The Freezing- and Melting-Point Curves for Mixtures of Naphthalene 
and B-Naphthol. 


Since naphthalene and #-naphthol are miscible with one another in 
all proportions, the solid solution and the liquid solution, which are in 
equilibrium with each other, have to be distinguished ; the concentra- 
tion of the components in the two being in general different. It 
should therefore be possible to determine for mixtures of naphthalene 
and B-naphthol (1) the freezing-point curve, giving the temperatures at 
which solid begins to be deposited from the liquid solution ; and (2) 
the melting-point curve, giving the temperatures at which solid 
solutions just begin to liquefy. 

Since naphthalene and f-naphthol form a continuous series of mixed 
crystals, these curves will also be continuous, and both the freezing 
points of different liquid solutions and the melting points of different 
solid solutions will lie between the melting points of the pure 
components. 

(1) The Freezing-Point Curve.—In the experiments on the freezing- 
point curve for these mixtures, the same sealed tubes containing 
mixtures of various constitutions were used as in the preceding 
experiments on spontaneous crystallisation. 
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Each tube was heated in an oil-bath until all the crystals had com- 
pletely melted. It was then held outside the bath for a few seconds 
until a few crystal needles just began to grow at the bottom or top of 
the tube. The tube was then immediately re-immersed and shaken by 
hand in the oil-bath, the temperature of which was then allowed to 
fall very slowly, and the few small crystal needles were watched care- 
fully. Above a certain temperature, the crystals always dissolved 
completely, and the entire experiment was repeated several times, the 
temperature of the oil-bath being lowered one or two degrees between 
each experiment. When, however, the oil-bath had reached a certain 
temperature, on re-immersing the tube containing a few crystal 
needles, and allowing the temperature to continue to fall very 
slowly, at a certain temperature the crystal needles were at last 
seen to grow slowly, or some of them at first dissolved and then new 
crystals formed and grew gradually in the liquid mixture. 

This temperature is taken to be very approximately the freezing 
point of the liquid mixture, since at this point solid first begins to 
separate from the inoculated liquid. 

The experiment was repeated five or six times for each mixture 
used, and the mean of the results obtained in each case was taken as 
the true freezing point of the mixture. All the freezing points are 
thus determined with a falling temperature. The results appear 
tabulated on pp. 933 and 934 and also in the diagram, which gives the 
freezing-point curve for all mixtures of naphthalene and B-naphthol. 

(2) The Melting-Point Curve.—An approximation to the melting- 
point curve for mixtures of naphthalene and B-naphthol was obtained 
in a somewhat similar manner. The same tubes were used as in the 
above experiments, and they were again immersed in a hot oil-bath. 
A few crystal needles were allowed to form in each tube in the manner 
described above, the temperature of the oil-bath was lowered, and the 
crystals allowed to grow slowly until the temperature had fallen 
to within one degree of the temperature of spontaneous crystallisation 
of the mixture as given by the previous experiments. 

The oil-bath was then heated again, and the crystals in the tube 
were watched as the temperature rose, the tube being shaken con- 
tinuously as before. At first they continue to grow or appear to 
remain stationary ; when, however, a certain temperature is reached, 
the crystal needles, which have now grown so as to constitute a large 
part of the mixture, begin to melt, and their sharp edges become quite 
rounded. This temperature is taken to be approximately the melting 
point of the solid having the constitution of the original mixture. 
The experiment was repeated several times for each mixture, and the 
mean temperature obtained in each case was taken as the melting 
point of that mixture. The temperature thus obtained must in reality 
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be a little too high, so that the true melting-point curve should 
doubtless be separated rather more widely from the freezing-point 
curve than it is in the diagram. 

All the melting points are thus determined with a rising tempera- 
ture. These results also appear tabulated below and in the diagram, 
and together they give the melting-point curve for all mixtures of 
naphthalene and 8-naphthol. 

Description of Oil-bath.—The oil-bath used was a large, wide glass 
beaker. Its sides were covered with a velvet case, in which were cut 
two small windows opposite each other half-way down the beaker, so 
that light may be passed through the beaker. An electric light with 
a ground glass bulb was placed behind one of these windows, and a 
lens was placed between the light and the window so as to throw 
a beam of light on the tube immersed in the oil. The tube was 
observed with a lens through the other small window in the front - 
of the beaker in a darkened room. 

The oil-bath was heated in the first place by means of a Bunsen 
burner, but during the actual experiments a small Argand burner 
was placed immediately beneath it. This small flame could easily 
be regulated so as to keep the bath at a constant temperature if 
desired, or to allow the temperature to rise or fall very slowly, for 
example, by one degree in a quarter of an hour. The oil was stirred 
throughout the experiments with a revolving platinum vane driven by 
an electric motor, and also by hand by agitating the immersed tube. 
Thermometers showed that the temperature of the bath was always 
uniform throughout. 

The readings for the temperatures of the melting and freezing 
points were taken on a thermometer reading to a tenth of a degree. 


Tabulated Results of Above Experiments. 


Percentage concentration. 


Naphthalene. B-N aphthol. Freezing point. Melting point. 
0 


100 79°5° 79°5° 


90°065 9°935 84°5°, 84°9°, 83°4°, 82°7°, 83°5°, 
; 84°2°, 84°5°, 82°9°, 82°7°. 
84°9°, Mean, 84°6°. Mean, 83°04°. 


80°08 19°92 881°, 88°9°, 87°5°, 87°2°, 
88°7°, 88°5°. 87°3°. 
Mean, 88°55°. Mean, 87°33°. 


70 066 29°934 92°5°, 92°5°, 91°5°, 91°5°, 
92°5°. 91°5°. 
Mean, 92°5°. Mean, 91°5°. 
98°, 97°7°, 95°7°, 95°5°, 95°5°, 
97°7°, 97°, 97°, 94°8°, 95°5°. 
97°5°. Mean, 97°5°. Mean, 95°4°, 
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Tabulated Results of Above Experiments (continued). 


Percentage concentration. 
A. 


Naphthalene. g-Naphthol. Freezing point. Melting point. 
49°663 50 °337 102°, 102°2°, 100°, 99°3°, 99°5°, 
101°5°, 101°8°, 99°7°, 99°5°, 99°5°. 
102°, 101°4°. Mean, 99°6°. 
Mean, 101°8°. 
59°385 106°, 105°5°, 103°1°, 103°5°, 
105°5°, 105°, 105°. 103°3°, 103°, 103°4°, 
Mean, 105°4°. 103°1°. Mean, 103°23°. 
109°, 108°5°, 109°, 107 3°, 106°8°, 
108°8°, 109°, 109°1°.  107°2°, 107°4°, 
Mean, 108°9°, 107°2°. Mean, 107:2°, 
118°, 118°3°, 118°, 112°4°, 112°5°, 
113°1°, 113°3°, 118°4°, 112°3°, 112°5°, 
Mean, 113°2°. 112°6°, 112°5°. 
Mean, 112°45°. 
lig”, T17°S, TITS: Tis. a es . 
Mean, 117°9°. Mean, 117°25°. 


121°. 121°. 


The freezing- and melting-point curves are shown on the diagram, 
and also the supersolubility curve, or curve of spontaneous crystal- 
lisation. The freezing-point curve is slightly above, and the melting- 
point curve slightly below, the straight line which joins the melting 
points of the pure components. 

These experiments completely confirm and extend the observations 
of van Bijlert and Bruni, but do not support the assertion of Kiister 
that the freezing-point curve for mixtures of naphthalene and 
B-naphthol is the straight line which joins the melting points of the 
two components. 

The diagram shows the supersvlubility curve to be separated from 
the melting-point curve by an interval of about 3° of temperature. 
The metastable area (that is, the area in which crystals will not form 
spontaneously in a supersaturated solution, but will only grow from 
inoculation) for these mixtures is therefore very much narrower than 
it has been found to be for any of the aqueous solutions or other 
mixtures hitherto examined, in which the melting-point curve and the 
supersolubility curve are generally separated by an interval of at least 
10° of temperature. 

It is interesting to compare the numbers obtained from the curves 
which we have established with an observation quoted by Kiister from 
van Bijlert’s paper, that a fusion containing 9°08 per cent. of 
B-naphthol yields crystals containing 11°5 per cent. of B-naphthol, the 
remaining mother liquor containing 8°5 per cent. 
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Comparison with the freezing- and melting-point curves given above 
shows that, according to our experiments, an inoculated fusion contain- 
ing 9 per cent of B-naphthol would at first yield crystals containing 
10:75 per cent. of B-naphthol, whilst the final composition of the 
mother liquor would be B-naphthol 8°3 per cent., and naphthalene 91:7 
per cent. 

We may also compare with our curves the observation of Bruni 
that during solidification a fusion containing approximately 50 per cent. 
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of B-naphthol fell more than 2° in temperature. The figure shows 
that an inoculated fusion of 50 per cent. of naphthalene and 50 
per cent. of B-naphthol should begin to freeze at 102°6°, and under 
suitable conditions complete solidification would occur at 99°3°, so 
that the fall of temperature during solidification should be 
about 3°3°. 

Finally, it may be remarked that, although our experiments have 
failed to determine for these mixtures the exact composition of the 
crystals which separate from a given solution, they do suggest that 
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this is quite definite, for each solution crystallises spontaneously at a 
definite temperature. If the composition of the crystals could vary 
in different experiments upon the same solution, it is probable that 
the temperature of spontaneous crystallisation would vary also, and it 
might have been expected that this would happen..- 
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LXXXVIII.—TZhe Influence of Solvents on the Rotation 
of Optically Active Compounds. Part XII. Ethyl 


Tartrate in Aromatic Halogen Derwatives. 


By Tuomas Srewart Parrerson and Davip Paterson McDonatp, 
M.A., B.Se. 


In continuation of this investigation, the last part of which (Trans., 
1908, 93, 355) dealt with fhe behaviour of certain aliphatic halogen 
derivatives, we have examined the solvent influence of a number of 
aromatic halogen substitution products on the rotation of ethyl tartrate, 
the procedure being exactly the same as formerly described. 

The numerical data are collected together at the end of the paper, 
but the main points of interest are brought out by the diagram, in 
which are shown curves representing the variation of the specific 
rotation of ethyl tartrate with change of concentration in the various 
solvents used. 

We may consider first the curves of chloro-, bromo-, and iodo-benzene. 
It will be observed that they are of a similar character and that, as 
might have been expected, they show a progressive variation. 

Addition of chlorobenzene at 20° to ethyl tartrate gradually lowers 
the specific rotation of the ester from + 7:76° until a distinct minimum 
of +6°8° is reached at, or near, »=58. With further dilution, the 
specific rotation rises again, reaching the original value at about p= 27, 
and continuing to rise at an increasing rate as the solution becomes 
more dilute, attaining, finally, to a value of + 13°3° at infinite dilution. 

The solvent effect of bromobenzene is of a very similar character, 
but the initial lowering of the rotation is not so great. A minimum 
rotation of about +6-93° occurs at practically the same concentration 
as in chlorobenzene, but the subsequent rise in rotation is not so rapid, 
so that the two curves intersect at about p=30. The rotation in 
bromobenzene at infinite dilution would be + 11-8°. 
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Ethyl tartrate in benzene, chlorobenzene, bromobenzene, iodobenzene, and a-bromo- 
naphthalene at 20° and in p-dichlorobenzene at 60°. 
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The chlorobenzene curve is marked by circles, that for bromobenzene by crosses, 
and that for iodobenzené by concentric circles, - 
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With the substitution of an iodine atom in the molecule, the rota- 
tion of the dissolved ester constantly rises, slowly at first, and much 
more rapidly in dilute solution, reaching a final value at infinite 
dilution of +11°. There is in this solvent at 20° no concentration of 
minimum rotation.* 

A number of interesting comparisons can be instituted between 
these solvents and others previously examined. For this purpose, the 
curve for benzene (Trans., 1902, 81, 1098) is shown in the diagram, 
and it will be observed that in fairly concentrated solutions, down to 
about p= 30, the behaviour of benzene is similar to that of its mono- 
chloro- and monobromo-derivative. Dilution of ethyl tartrate with 
any of these three substances causes initial diminution of the rotation 
of the ester. A minimum rotation occurs at practically the same 
concentration in each case. This resemblance in behaviour ceases, 
however, in more dilute solutions, since in benzene a maximum rota- 
tion is reached at y=12, and in solutions less concentrated than this 
the rotation diminishes instead of increasing with further dilution. 

Between the curves for chloro-, bromo-, and iodo-benzene and 
those for the aliphatic halogen derivatives there is, on the whole, a 
striking contrast. The latter solvents in all cases examined and at 
all concentrations depressed the rotation of ethyl tartrate considerably 
below that of the homogeneous ester, and, at least in a number of 
important instances, this diminution becomes more rapid with increas- 
ing dilution, so that in such cases the action of the two classes of 
solvents is exactly of an opposite character. Concentrations of 
minimum rotation occur in the aliphatic halides, but these are by no 
means so pronounced as in chlorobenzene and bromobenzene. In any 
case, concentrations of minimuin rotation cannot be regarded as char- 
acteristic of any one series of solvents, as they appear to occur in all 
classes, particularly at low temperatures. 

Tn the figure is also shown a curve for p-dichlorobenzene, but in this 
case, since the solvent easily crystallises out even from solutions con- 
taining a considerable proportion of tartrate, the polarimetric observa- 
tions could only be extended down to a temperature of about 50°. 
The concentration curve shown is for 60°. It is obvious, of course, 
that the concentration-rotation curve for p-dichlorobenzene ut 20° 
would lie much below that for benzene. A rough idea of what its 
appearance would be may be obtained by imagining the curve for 60° 
lowered on the diagram so that the point on it for p=100 coincides 
with the point common to all the other curves. It will be observed 
that dilution of ethyl tartrate with p-dichlorobenzene also diminishes 

* Separation of iodine seemed to take place somewhat more rapidly from the 


solutions than from the pure solvent. After the solutions had stood overnight, their 
rotation had always diminished slightly. 
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the rotation of the ester from 11°3° (y= 100) until a concentration of 
about p= 25 is reached, at which a minimum rotation (+7°1°) occurs. 
Further dilution brings about a slight rise in rotation. Thus, compar- 
ing benzene, chlorobenzene, and p-dichlorobenzene, it appears that, 
whereas the introduction of one chlorine atom in the molecule of the 
solvent causes increase in the rotation of the dissolved ester, a second 
chlorine atom in the para-position produces a solvent having a greater 
depressing effect than the mother substance. 

In all three cases, a concentration of minimum rotation is distinctly 
marked. 

We have also determined the molecular solution-volume of ethyl 
tartrate in the monohalogen substitution derivatives * for comparison 
with the corresponding rotations, since, from previous work, it might 
be expected that these variables should show an inverse relationship. 
In the solvents mentioned, for concentrations below about p= 20, both 
rotation and molecular solution-volume increase rapidly, which is 
apparently in opposition to the regularity referred to. It is, however, 
only on the limiting value of the solution-volume that any valid argu- 
ments can be based (Trans., 1901, 79, 192), but, unfortunately, in the 
instances under consideration the increase of molecular solution- 
volume is so rapid in dilute solution that it is very difficult by extra- 
polation to arrive at any satisfactory estimate for the value at infinite 
dilution, Therefore, in the table below, the figures for solution- 
volume are given for py=5, whilst those for rotation are for p=0: 


Ethyl tartrate in M.S.V."." p=5. [a]?” infinite dilution. 


Chlorobenzene 173°71 c.c. +13°3° 
Bromobenzene 174°91 ,, 117 
Todobenzene...........6008 175°38 ,, 11°0 


It will be seen that the inverse relationship does appear to hold for 
the solvents in question, but it must be admitted that the data for 
molecular solution-volume are somewhat unsatisfactory, since, on 
account of the rapid increase of volume in dilute solution and on 
account of the fact that any small error in the density determination 
of dilute solutions is greatly magnified in the process of calculation, it 
is difficult definitely to decide whether or no at low concentrations the 
solution-volume curves intersect like those for rotation. 

It may further be noticed that in these solvents, as in the aliphatic 
halogen derivatives (Trans., 1908, 93, 355), ethyl tartrate has in 
general the greatest volume in iodides and the least in chlorides. This 
is shown by the preceding table and by the one on p, 940. 


* In 2 solvent like p-dichlorobenzene, trustworthy values for molecular solution- 
volume could hardly be obtained. 
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Infinite dilution. 


——_— 
M.S.V.. [a}?”, 
in c.c. 
1783 -—2°2° 
172°6 —0°'95 


Ethyl tartrate in 


Ethyl iodide 
Ethyl bromide 


THE INFLUENCE OF SOLVENTS 


Infinite dilution. 
——— 
M.S.V.2". [a] 


Ethy] tartrate in 


Methylene iodide — 0°8° 


(p=1°4). 
Methylene chloride 


Bromoform 
Chloroform 


Ethylene bromide 176°8 —20°0 
Ethylene chloride 1760 -4°1 


Acetylene tetrabromide 176°6 —18°8 
Acetylene tetrachloride 173°6 ~16°6 


-16 
+0°2 
-3°0 

In all these cases, the volume of the ethyl tartrate is greater in 
iodides than in bromides, and greater in bromides than in chlorides, 
In the three instances on the left of the table, the greater volume is 
associated with the lower rotation, whilst in the other two cases the 
opposite obtains. 

In an earlier paper (Trans., 1902, 81, 1134), it was shown by one of 
us that naphthalene as a solvent has a very marked influence on the 
rotation of ethyl tartrate, an influence distinctly different from that 
of benzene. It was of interest to ascertain whether a similar 
difference exists between the monohalogen derivatives of benzene and 
naphthalene respectively, and therefore we have investigated the 
solvent effect on ethyl tartrate of a-bromonaphthalene, the concentra- 
tion-rotation curve being reproduced in the diagram, It will be 
noticed that the curve for a-bromonaphthalene is similar both to tnose 
for bromobenzene (although there is no concentration of minimum 
rotation at 20°) and for naphthalene in what is, perhaps, the most 
important particular, namely, rapid increase of specific rotation with 
diminishing concentration, especially in dilute solution. In a-bromo- 
naphthalene this is very striking indeed, the rotation increasing from 
165° for p=5 to 20°9° for ~p=2. It is not possible to give an 
accurate estimate for the value of the specific rotation at infinite 
dilution, but it probably is nearly +26°. It is difficult to say 
whether the value for the solution-volume of ethyl tartrate is in agree- 
ment with that for the rotation or not. For p=5 the molecular 
solution-volume is 174-2 c.c., which is a little greater than in a chloro- 
benzene solution of the same strength, but is less than in bromo- and 


* In the last part of this research (Trans., 1908, 93, 357, note), the opinion was 
expressed that the value formerly estimated (Trans., 1905, 87, 320) for the M.S.V. 
of ethyl tartrate in chloroform might be too high, this idea being formed from a 
comparison of the M.S.V. curve for chloroform with the curves for other solvents. 
We have, therefore, re-examined the matter and have obtained the following data : 


p. d. 6. M.S.V.™. 
3°00068 1°47773 1°48864 172°43 ¢.c¢. 
4°00196 1°47425 1°48864 172°13 ,, 
5-92138 1°46783 1°48881 171°90 ,, 
Taking the new data along with those formerly found, a mean value of about 
175 c.c. is obtained for M.S. V.*” at infinite dilution. 
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iodo-benzene. The form of the solution-volume curve is such, how- 
ever, as makes it highly probable'that at infinite dilution the volume 
of the ester in a-bromonaphthalene is distinctly less than in the other 
three solvents, which is, so far, in agreement with the suggested 
inverse relationship of rotation and volume. 

In regard to the effect of temperature change, the rotation of 
solutions of ethyl tartrate in a-bromonaphthalene are of some special 
interest. It has been noticed already in the course of this investiga- 
tion that when the effect of a large excess of a given solvent is to 
raise considerably the rotation of ethyl tartrate or similar substance, 
the influence of rise of temperature is to diminish the rotation of such 
a solution. This is the case, for instance, with dilute solutions of 
ethyl tartrate in water (Trans., 1901, 79, 172 ; 1904, 85, 1129) and 
in naphthalene * (Trans., 1902, 81, 1139), and the same behaviour is 
shown by methyl tartrate and n-propyl tartrate in water (Trans., 1904, 
85, 1127, 1131). A somewhat similar behaviour is shown by dilute 
aqueous solutions of methyl-, ethyl-, and »-propyl-potassium tartrate, 
in which cases the specific rotation on heating at first increases to 
reach @ maximum value and then diminishes again (Trans., 1904, 85, 
1121, 1123, 1125). We therefore suspected that, since the rota- 
tion of dilute solutions of ethyl tartrate in a-bromonaphthalene is 
so high, a maximum should occur in the temperature-rotation curve 
at a comparatively low temperature. The p=2 solution was there- 
fore examined throughout a greater range of temperature than the 
others, Its rotation increased rapidly at first, but gradually more 
slowly, and passed through a maximum value of +29°6° at a 
temperature of 94°. The occurrence of such temperatures of 
maximum rotation is of very considerable interest, and further 
examples will be discussed in a future paper. 


EXPERIMENTAL. 


Ethyl Tartrate in Chlorobenzene. 


The chlorobenzene boiled at 44°8° under a pressure of 30 mm. 
(oil-bath, 112°): 


I. p=3°8059. 
t 13°8° 17°4° 3° 40°0° 43°7° 
+1°872 1°955 “27% 2°391 2°450 
+11°02 11°55 3°6 14°45 14°86 


* In this case, diminution of the observed rotation was detected in a p=10 solu- 
tion, but the specific solution showed a slight increase between 70° and 100°, Ata 
higher temperature, the specific rotation also would doubtless have commenced to 
decrease. 
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Ethyl Tartrate in Chlorobenzene (continued). 
II. p= 10-0073. 


11°3°-21°7° 820° 40°1°—s« 47°8° —=—ss 560° =: 100°0° 
+2°453 2°893 3°292 3°537 3742 3°93 4°408 
+874 10°41 11°97 12°96 13°82 1463 17°19 


III. p=24°9956. 

ce 130° 248° 44°6° 59°3° 687° 100°0° 
at (249°6mm.) +4°783 6°098 7°782 8728 9°192 10°167 
[aJf ........... +675 8°78 1°52 12°87. 18°71 15°66 


IV. p=47°469. 

t 91° 13°1° 21°9° 37°9° 46°5° 57°3° 67-2° 100°0° 

a’ (100 mm.)... +2°969 3°252 3°93 5°029 5°534 6054 6°415 7°315 
+5°39 5°92 722 9°37 10°40 11°49 12°29 14-49 


13°0° 555° 66 6° 
+5°463 ' ' 9-9 
+611 2 11°64 


Densities determined : 


Solvent. a 
-_— ta 
e. d. t. d. 
17°05° 1°10974 18°5° 1°11071 
24°12 1°10215 24°25 1°10451 
38°53 1°08650 31°87 1°09622 


d. d. 
1°15180 188°: 1"1797 
1°13223 24°91 1°1732 
1°1013 49°5 1°1472 
1°0619 


Ethyl Tartrate in Bromobenzene. 
The bromobenzene boiled at 43° under a pressure of 18 mm.: 


I. p=9-93184. 
PP dteittiiaemun 160 14°8° 24°0° 39°6° 470° 52°0° 100°0° 
at (249°6 mm.). +2°91 3°127 3°705 4°402 4°66 4°84 5°725 

+7°99 8°62 10°29 12°41 13°22 138°8 17°09 


II. p= 24°94. 
9°6° 13°2° 18°0° 24°0° 37°7° 45°5° 55°3° 62°5° 100°4° 
a® (249°6 mm.) +5°439 5°97 6655 7°354 8°859 9°5741032 10°838 12°584 
[all ....ccccccocee +6°17 6°79 7°6 8°44 10°30 11°21 12°19 12°89 15°51 
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Ethyl Tartrate in Bromobenzene (continued). 


ILI. p=47°967. ; 
SO"  setsasbesesasen eee 10°4° 18°0° 28°1° 41°2° 48°3° 56°2° 62°0° 100°3° 
at (100 mm.) +3°686 3°895 4°778 6°095 6°523 6°915 7°176 8°51 

+5°70 6°04 7°48 969 10°44 11°15 11°63 1431 


Densities determined : 
Solvent. 5. Il. 


—— ———— 
rs d. A d. i d. : d, 
14°38 -:1°50188 ‘ 1°45914 4 1°4048 ; 1°33699 
42°8 1°46425 , 1°43590 mi 1°3820 " 1°31434 
58°6 1°44313 ‘ * ‘ 1°352 1°2875 
100°6 1°3862 2 , 1°302 101°0 1°2392 


Ethyl Tartrate in Iodobenzene. 


The iodobenzene boiled at 69° under a pressure of 15 mm. (oil-bath, 
110°) : 


I. p=10°6375. 


40°1° 
3°62 
11°77 


Densities determined - 
I. bs Ill. LV. 


nn, (as, 

: . v. d. ° , e. d. a. d. 
19°5° 1°83257 18°85° 173208 19°5° 1°61552 18°3° 1°45079 19°25° 1°31392 
24°8 1°82363 2471 1°72429 24°35 1°60846 24°15 1°44844 25°05 1°30724 
31°25 1°8138 34:3 1°7090 29°6 1°6011 35°75 1°4288 362 1°2948 
88°5 1°8027 51°6 1°6832 38°9 1°5881 53°2 174069 53°77 1°2749 

50°6 1°5716 
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Ethyl Tartrate in p-Dichlorobenzene ;: * 


63°6° 72° 79°3° 97°0° 
8°53 9°44 | 10°23 11°85 


63°4° 72°4° 99:0° 
7°8 8°82 11°18. 


60°0°F 660° 75°0° 89°7° 
8°7 9°37 10°25 11°5 


Ethyl Tartrate in a-Bromonaphthalene. 


The a-bromonaphthalene boiled at 139° under 16 mm. pressure (ovil- 
bath, 166°) : 
I. p=2-07933, 
38°5° 52°1° 790° =: 110°5° 
1°182 1°276 1°38 1°345 
24°34 24°51 29°2 29°05 . 


33°5° 47 °2° 59°3° 
+1°806 2°318 2°58 2°76 
19°9 22°3 24°1 
III. p=20°2601. | IV. p=20°37. 
Only examined for density and e° 24°3° 


solution-volume. 3°51 
12°22 


V. p=49°6882. 
OC scaierinrinnccey ‘38ST 20°0° 31°0° 42°5° 52°1° 
af (100 mm.) +5°535 6°17 7°216 8°08 8°703 

+8°31 9°32 11°04 12°51 13°62 


Densities determined : 


Solvent. I. Il. III. 
i an, i i a 
t. d. e. d. . d. e. d. 
18°55° =1°49225 19°8° 1°47853 18°95° 1°47269 18°65° 1°42089 
20°75 1°49006 22:8 1°47549 20°95 1°47069 20°75 | 1°41853 
23°0 1°48777 31°3 =1°46697 24°3 1°46727 24°25 1°41491 
i 2 
ne 
te. d. e. d. 
20°15° = 1°414 18°7° 1°33226 
20°55 1°33026 
23°6 1°3270 


* Unfortunately, the manuscript book containing the original data for these solu- 
tions has been mislaid, so that the observed rotations and densities cannot be given. 
As we had a note of the specific rotations at various temperatures, we did not consider 
it necessary to repeat the experiments in order to obtain values for the missing 
constants. + Interpolated. 
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Molecular Solution-volume and Specific Rotation at 20° of Ethyl 
Tartrate in Various Solvents. 


Molecular Volume of Ethyl Tartrate at 20° =170°9 c.c.; [a]%” +7-76°. 


In several cases, two or more different samples of solvent were used. 
In such instances, the density for »=0 appears more than once. The 
numbers immediately following each 0 represent solutions made up 
with that specimen of solvent. We have not attempted to estimate 
values for M.S.V.™ at infinite dilution. 


Solvent. p. d 20°/4°, M.S. V.2. [a], 
c.c. 
Chlorobenzene 1°10674 — +13°3° 
5°49034 1°11081 173°71 — 
0 1°10657 — 13°3 
3°8059 1‘10909 175°05 11°87 
19°0073 1°11481 172°41 10°14 
24°996 1°12854 171°67 8-00 
47°47 1°14957 171°45 6°98 
75°345 11784 171°1 6°99 
0 1°49447 — 
4°99987 1°47496 174°91 
0 1°49434 a 
9°93184 1°45728 173°15 
24°94 _ — 
47967 1°33594 171°9 
Iodobenzene............... 0 1°83173 — 
10°6375 1'73038 174°38 
24°9011 1°61482 173°12 
49°8182 1°44856 172°17 
75°2983 1°3131 171°46 
0 1°83174 — 
4°96374 1°78225 175°38 
a-Bromonaphthalene ... 0 1°48651 -- 
2°07933 1°47833 175°46 
0 1°49081 _ 
4°99697 1°47164 174°2 
20°2601 1°41937 172°5 
20°37 —_ —_ 
49°6882 1°33085 171°6 


_ 
_ 
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It gives us pleasure, in conclusion, to acknowledge our indebtedness 
to the Research Fund Committee of the Chemical Society for a grant 
which partly defrayed the expenses of this investigation. 


THE UNIVERSITY, 
GLAsGow. 


CHICK AND WILSMORE: ACETYLKETEN. 


LXXXIX.—Acetylketen : a Polymeride of Keten. 
By Frances Cuick AND NoruaAn Toomas Mortimer WILSMORE. 


Ir has been already stated (Nature, 1907, 75, 510; Trans., 1907, 
91, 1938) that keten, both in the liquid and the gaseous states, 
condenses on standing at the ordinary temperature to form a 
pungent-smelling brown liquid. This brown liquid has now been 
found to contain a new substance, which, as we hope to show in 
in the present paper, is in all probability acetylketen, having the 
formula 
CH,*CO:CH:CO, 

and, consequently, standing in the same relation to acetoacetic 
acid as keten does to acetic acid. 

As was to be expected, this condensation of keten takes place 
the more readily the purer and the more concentrated the keten 
is, and is therefore most conveniently brought about by allowing 
liquefied keten under pressure gradually to attain the temperature 
of the room. To carry out the operation, the crude keten is first 
roughly fractionated in the receiver of the apparatus, already described 
(Trans., Joc. cit.), in order to expel the bulk of the more volatile 
impurities. As soon as the boiling point has risen to — 70° to — 65°, 
the taps are closed, and the keten is frozen by means of liquid air. 
The receiver is then connected, on the one hand, to an exhaust pump 
and, on the other, to a manometer and to a thick-walled glass tube, 
closed at one end, and drawn off to a thick-walled capillary at the 
other. After the whole apparatus has been exhausted, the connexion 
to the pump is closed, and the keten is distilled over by removing 
the liquid air-bath from the receiver and applying it to the thick- 
walled tube. When all the keten has passed over, the thick-walled 
tube is sealed off. 

It was mentioned in the previous paper that the spontaneous con- 
densation of keten was accompanied by considerable evolution of heat. 
This was noticed first on handling one of the tubes about half an hour 
after it had been sealed up, when the end of the tube containing the 
liquid was found to be much too hot to hold. In order to follow the 
reaction more carefully, a sealed tube containing about 7 c.c. of liquid 
keten was placed, along with a thermometer, in a wide glass tube 
containing 50 c.c. of alcohol, which had been previously cooled to 
about —60°. The apparatus was placed in the open air, and was 
observed from a distance by means of a telescope, The keten remained 
colourless until the temperature of the bath had risen to 0°, when it 


_. 
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began slowly to turn brown. The reaction then went on with 
increasing rapidity, and the temperature of the bath gradually rose 
to 21°, remained at that point for about a quarter of an hour, and then 
slowly fell. The temperature of the air outside varied, meanwhile, 
between 10° and 7°. The reaction appeared to be complete after about 
three-quarters of an hour from the time when the keten began to turn 
brown. A second similar tube was placed in an air jacket and was 
observed as before. In this case a violent reaction, lasting for nearly 
five minutes, took place soon after the liquid began to turn brown. 
The heat of the reaction is therefore considerable. A quantitative 
determination of it by means of an ice calorimeter is contemplated. 

On distilling the brown liquid, it was found to consist partly of a 
colourless liquid, which passed over between 125° and 127°, and 
partly of a brown residue, which is now being further examined. 
The yield of the colourless liquid was not very large, about 5 grams 
being obtained from 200 grams of acetic anhydride. On redistilling 
the colourless liquid under a pressure of 760 mm., it boiled at 
126—127° with slight decomposition, a portion being always con- 
verted into some of the brown solid; but it could be distilled under 
reduced pressure (50—100 mm.) without change. 

For analysis, the substance was weighed in a small stoppered bottle 
of hard glass, which was opened and placed in the boat as the latter 
was being pushed into the combustion tube.* The vapour density 
was determined by means of the Hofmann apparatus, using freshly- 
distilled m-xylene for the vapour jacket. In calculating the net 
pressure, allowance was made for the temperature of the mercury 
column, and for the vapour pressure of the mercury in the tube. 
Owing to the tendency of the vapour to polymerise, the result is 
rather high : 

0°1419 gave 0-2938 CO, and 0°0614 H,O. C=565; H=48. 

01118 ,, 02331 CO, ,, 00500 H,O. C=56-9; H=5°0. 

00971 ,, 714 c.c. at 139°3° and 409 mm. M.W.=85°8. 

0°4034 in 18-20 benzene gave a depression of 1°315°. M.W. = 84:3. 

C,H,0, requires C=57'1 ; H=4°8 per cent. M.W.=84°0. 

The substance is therefore formed by the union of two molecules of 
keten. 

The liquid dissolved slowly on shaking with cold water, forming a 
strongly acid solution, which gave a deep violet colour with ferric 
chloride. On heating the aqueous solution, carbon dioxide and 
acetone were formed, the latter being recognised by means of the 
iodoform reaction, the alkaline mercuric chloride test, and the forma- 

* The liquid was too volatile to weigh in the boat, and when placed in the usual 


bulb-tube the brown solid formed in the capillary on heating could not be completely 
burnt, 
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tion of the crystalline compound with benzaldehyde. Hydrogen 
chloride facilitated the dissolution and decomposition. On warming 
the substance or its aqueous solution with aqueous alkalis, it was 
decomposed, acetates being formed. The — therefore combines 
with water to form acetoacetic acid. 

The liquid was found to react with aniline with great energy; in 
fact, if the aniline was added too quickly, the mixture boiled. A 
crystalline substance was produced, which, after recrystallisation from 
alcohol, proved to be acetoacetanilide, melting at 84°. This was 
confirmed by heating a portion with excess of aniline, when carb- 
anilide (m. p. 235°) was formed. 

All the above reactions may be satisfactorily explained on the 
assumption that the new body is acetylketen. Thus with water we 
have: 


CH,°CO-CH:CO + H,O = CH,:CO-CH,:CO.H, 
with alkalis : 
CH,°CO-CH:CO + Ba(OH), = Ba(C,H,0,)., 
and with aniline : 
CH,°CO-CH:CO + C,H,-NH, = CH,*CO-CH,CO-NH°C,H,. 
Acetylketen in benzene solution reacts with two molecular propor- 
tions of phenylhydrazine, yielding a substance which crystallised 


from alcohol or benzene in colourless plates melting with slight 
decomposition at 152°—153°. Analysis showed that this substance 
had the composition of a phenylhydrazone-phenylhydrazide. It is 
probably formed according to the equation : 
CH,°CO-CH:CO + 2C,H,:N.H, = 
H 20 + CH,: C CH, “CO 
N-NH°C,H, NH-NH-C,H, 


0°1156 gave 0°2877 CO, and 0:0677 H,O. C=67:°9; H=6°5. 

01214 ,, 0°3022 CO, ,, 0:0705 HO. C=67'9; H=6°5. 

01114 ,, 19°67 c.c. moist nitrogen at 18° and 754mm. N=20°l. 

0°1775 in 16°98 benzene gave an elevation of 0:095°. M.W.=288. 
C,,H,,ON, requires C= 68'1 ; H=6-4; N=19°9 percent. M.W=282. 

The substance dissolved readily in dilute hydrochloric acid, 
forming a very soluble hydrochloride, which gave a well-defined 
platinichloride. 

Acetylketen differs markedly from keten in that it does not 
appear to react either with alcohols or with phenols, and this fact 
gave rise to the suggestion that it might be after all not a true 
keten, but an isomeride, such as diketotetramethylene. 

To test this point the molecular refraction was determined, and 
the result was compared with the values calculated for the various 
isomeric formule from Conrady’s numbers for the atomic refractions 
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for sodium, light (Zeitsch. physikal. Chem., 1889, 3, 210). The 
pyknometer contained 0°7433 gram of water weighed in air at 18°, 
08143 gram of -acetylketen at 18°, and 0°8118 gram at 23°; 
reducing to the vacuum and to the density of Water at 4°, the 
density of acetylketen was accordingly d,,.=1°0939 and d,,.=1°0905. 
The refractive index, measured with a Pulfrich apparatus at 23°, 
using sodium light, was n,) =1'4342, which from the Lorentz 
formula gives M.R.=20°075. ‘The calculated values are: 


M.R 

OH,°CO°OHSCO ...s..sssneceeeeneconee 20°489 

CH,:C(OH)*CH:00 0... csse esses 21°430 

deine . 

CHK DOH rsrsternine 18-782 
CH) 

< » Liab obcigettcaentsdaadds 20°664 
C(OH) 


Thus the acetylketen formula appears, according to this test 
also, to be the most probable, the only other formula which 
approaches it being that of the otherwise highly unlikely phenolic 
form of diketotetramethylene. ‘There is, nevertheless, still a con- 
siderable difference between the calculated and the observed value 


for acetylketen, but, perhaps, this may be due to the oxygen in the 


terminal CO group having a lower atomic refraction than “ aldehydic ” 
oxygen in general. We hope to test this hypothesis shortly by 
determining the molecular refraction of keten itself. 

As already mentioned, acetylketen is a colourless liquid at the 
ordinary temperature. On cooling sufficiently, it freezes to a white 
solid, which melts at —7° to —6°%. It has an extremely pungent 
smell, differing entirely from that of keten, and suggestive at the 
same time of acetic anhydride and of acrolein. Its vapour attacks 
the eyes and the mucus membranes, but, like keten, it does not 
appear to leave any unpleasant after-effects. On standing at the 
ordinary temperature, even in absence of air, it gradually turns 
brownish-yellow. The change is, however, less rapid in Jena than 
in soda glass, and is in any case extremely slow at 0°. It would 
seem not to proceed very far even at the ordinary temperature, since 
a bomb tube which had been left sealed up for several months gave, 
when opened, practically the same yield as tubes freshly prepared. 
The boiling point, density, and refractive index have been already 
given. The dielectric constant has been measured for us by Dr. A. W. 
Stewart by means of the Drude apparatus, the value 16—17, or 
practically the same as that of acetoacetic ester, being obtained. The 
absorption spectrum of acetylketen was photographed by Mr. H. E. 
Watson, using solutions in dry ether and in alcohol up to 0°1X. 
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There was no absorption band, but a small general absorption in the 
ultra-violet resembling that produced by acetoacetic ester. 

Acetylketen is readily miscible with all the usual organic solvents. 
It reacts violently with pyridine, forming a brown substance apparently 
identical with that which we have observed to be formed by the action 
of keten on pyridine. The pyridine seems to act merely as a catalytic 
agent, since it could be readily washed out from the mixture, leaving 
a residue free from nitrogen. The reaction proceeded much more 
slowly in benzene solution, the acetylketen being then almost entirely 
converted into dehydracetic acid, which, after crystallisation from 
alcohol and light petroleum, melted at 108°5°. On the other hand, 
acetylketen reacts slowly with quinoline, yielding a sparingly soluble, 
crystalline substance melting with decomposition at 231°, which, how- 
ever, does not contain nitrogen. With sodium ethoxide in dry alcohol, 
acetylketen forms chiefly sodium ethylacetoacetate. This, on treat- 
ment with hydrogen chloride, gave carbon dioxide and a ketone, 
which was evidently methyl propyl ketone. Hydroxylamine hydro- 
chloride has no action on acetylketen, but the latter combines 
readily with the free base in alcoholic solution. Hantzsch’s methyliso- 
oxazolone was, however, not produced, but a very soluble, readily 
oxidisable, crystalline substance was obtained on evaporation. 

We are continuing the investigation both of keten and of acetyl- 
keten, and we propose to study especially the action of Grignard’s 
reagent on these substances. 


Our thanks are due to Mr. H. T. Clarke, who kindly assisted in the 
carrying out of several of the experiments. 


UNIVERSITY CoLLEGr, 
UNIVERSITY OF LONDON. 


XC.—The Condensation of Benzoin with Methyl 
Alcohol. 


By James Corqunoun Irving, D.Se., Ph.D., and Davin McNicott, 
M.A., B.Sc. 


In a previous paper (Trans., 1907, 91, 1391), it has been pointed out 
that, although a good yield of benzoin methyl ether is obtained from 
benzoin by the application of Fischer’s process, two other compounds 
are produced simultaneously which are not apparently intermediate 
products in the methylation, but result from definite side-reactions, 
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So far as preliminary experiments showed, one of these compounds 
(m. p. 185°) was produced by the union of one molecule of benzoin 
with one of benzoin methyl ether through loss of one molecule of 
water ; the second compound (m. p. 285°) had the same analytical 
composition as benzoin methyl ether, but possessed a molecular weight 
twice as great, and was regarded as a tetramethylene derivative. The 
formation of such a compound suggested that benzoin methyl ether 
had undergone condensation in a manner resembling in some ways the 
“benzoin” condensation, and this view was apparently supported 
by evidence which showed that the presence of nitrogen compounds 
seemed to favour the production of the substance, presumably by 
catalytic action. We were thus led to make a more detailed study of 
the two condensation compounds and of their mode of formation. 

Attempts to synthesise the two compounds from benzoin methyl 
ether gave no positive result, our experiments indicating that both 
substances are in fact produced directly from benzoin, independently 
of the methylation of the latter to benzoin methyl ether. Thus, when 
benzoin methyl ether was subjected to the action of methyl alcohol 
containing varying proportions of hydrogen chloride, only traces of 
the sparingly soluble products were formed. Negative res lts were 
also obtained when hydrogen cyanide and benzaldehyde were added to 
a similar mixture. Moreover, the yield of the two compounds was 
not appreciably increased by carrying out Fischer’s process with 
a methyl-alcoholic solution of benzoin to which potassium cyanide and 
benzaldehyde had been added, so that apparently the secondary 
reactions are not affected, as was suggested in a previous paper, by 
the presence of nitriles, 

Although throughout all our work we have used Kahlbaum’s 
“ Aceton frei” methyl, alcohol, we considered it advisable, in view 
of the ready condensation of benzil with acetone, to ascertain if the 
latter played any part in the reaction and thus account for the some- 
what variable yields of the desired products which we have obtained 
in different preparations. It was found, however, that the addition 
of acetone, either in traces or in molecular proportions, not only failed 
to lead to any noticeable increase in the amount of the by-products, 
but in some cases diminished the yields, owing to the formation of 
mesityl oxide. The addition of benzil or benzoic acid to the above 
mixture also proved fruitless. 

We conclude, therefore, that the two compounds under examination 
are formed in a reaction in which benzoin, methyl alcohol, and 
hydrogen chloride alone play a part, and, in preparing the necessary 
material, dry hydrogen chloride was passed into a solution of pure 
benzoin in pure methyl alcohol. The joint yield of the two compounds 
was somewhat improved by introducing the acid as rapidly as possible 
VOL. XCIII. 3.R 
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and by carrying out the preparation at 10°, instead of at 40—50° as in 
previous cases, but in no instance did the total yield exceed 37 per 
cent, of the benzoin used. The first crops to separate consisted of the 
compound of lower melting point in a state of purity ; later crops con- 
sisted of mixtures of both substances, and finally the compound 
melting at 285° was alone produced. This is explained by the fact 
that the compound of lower melting point is capable of uniting with 
a molecule of methyl alcohol under the conditions of the reaction, 
and is thus converted into the compound melting at 285°. The consti- 
tution of these substances was in the previous research left undecided, 
but the formule suggested were respectively : 

C,H,° H-C(OMe)-C,H, unl C,H,°C(OMe):C(OH):C,H, 

0,H,-CO 00-0,H, (,H,"C(OH)—C(OMe)-0,H, 

(M. p. 185°.) (M. p. 285°.) 

The first-mentioned formula is no longer tenable, no indication 
being obtained of the presence of ketonic groups. Moreover, the 
reaction mentioned above, in which the compound of lower melting 
point is converted into the other by the addition of methyl alcohol, is 
not readily explained, except on the assumption that both substances 
possess a similar structure. That this view is correct was shown by 
the action of acetic anhydride containing sulphuric acid. Both com- 
pounds, although quite unaffected by either acetic anhydride or 
acetyl chloride, reacted readily with the stronger reagent in the cold 
and gave identical products, one of which was readily recognised as 
acicular dibenzoylstilbene. This at once points to the fact that both 
the substances under examination are furan derivatives, and both 
formule must therefore be abandoned. A second product of the 
acetylation had the composition O,,H,,0,, and contained three acetyl 
groups, the methoxyl groups having been eliminated during the 
reaction, The evidence thus obtained points to the following alterna- 
tive formule for the compound melting at 285° : 

os C(OMe):C,H; ig 0,H,-CH—— (OMe)-C,H, 

C,H,"C(OMe)-O-C(OH):C,H, C,H,*C(OH)-O-C(OMe)-C,H, 

(I.) (II.) 

The action of acetic anhydride and sulphuric acid may thus be 
regarded as acetylation of two methoxyl groups and one hydroxyl 
group, a reaction which involves the removal of two molecules of 
methyl alcohol. The above general structure was also supported by 
the observation that acetic anhydride and sulphuric acid decomposed 
the triacetyl derivative at 100° with the formation of dibenzoylstilbene, 
and that hydrogen iodide reduced the original substance to tetra- 
phenylfuran. We believe formula I to be the more probable structure, 
as it involves the symmetrical addition of methyl alcohol to dibenzoyl- 
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stilbene, but no indication could be obtained of the presence of the 
hydroxyl group further than the formation of a triacetyl derivative 
from the compound, which previous analyses had shown to contain 
two methoxyl groups. The compound is therefore 2/Aydroxy-3 : 5- 
dimethoxytetraphenyltetrahydrofuran. 

The structure of the compound melting at 185° can be arrived at 
by considering the alternative methods of removing one molecule of 
methyl alcohol from the substance just mentioned. Two possibilities 
exist, namely : 

C,H, CH-——-O(OMe)-0,H, C,H,-0 === ¢-0,H; 

0,H,-C<0>C-0,H, and .H,-C(OH)-0-C(OMe)-C,H,” 

(L.) (IL.) 

Either formula would explain the property of addition of one mole- 
cule of methyl alcohol by the action of alcoholic hydrogen chloride, 
or the formation of dibenzoylstilbene when treated with acetic 
anhydride and sulphuric acid. As the substance does not give the 
reactions of a hydroxy-compound and forms no additive compound 
with bromine, we believe it to have the constitution I. It is therefore 
aB-dibenzoyl-a-methoaydibenzyl.* 

It seems probable that the formation of these by-products arises in 
the first instance from the condensation of two molecules of benzoin 
to form dibenzoylstilhene (Ber., 1877, 4, 337), which then unites with 
two molecules of methyl alcohol in two successive stages to form 
a8-dibenzoyl-a-methoxydibenzy] and, finally, 2-hydroxy-3 : 5-dimethoxy- 
tetraphenyltetrahydrofuran. It is of course well known (Chem. Centr, 
1867, 373) that concentrated hydrochloric acid reduces dibenzoyl- 
stilbene to tetraphenylfuran, but we find that, if the gas is passed 
slowly into a dilute methyl-alcoholic solution of the former, it is con- 
verted in the first place into a mixture of the two compounds under 
examination ; prolonged action of the acid gives a mixture of tetra- 
phenylfuran and 2-hydroxy-3 : 5-dimethoxytetraphenyltetrahydro- 
furan. 

The complete reaction between methyl alcohol and benzoin in presence 
of hydrogen chloride is therefore expressed in the following scheme : 


Benzoin methyl ether. 

Benzoin oe Dibenzoylstilbene ——> aB-dibenzoyl-a-methoxydibenzyl ~—> 
\ 2-hydroxy-3 : 5-dimethoxytetraphenyltetrahydrofuran. 
Benzil. 


Our results throw some light on the alternative formule suggested 


* Although there seems no reasonable doubt that the compound here described is 
cyclic, we have, for the sake of uniformity, referred to it as a dibenzoyl derivative, 
thus bringing it into line with dibenzoylcinnamene and dibenzoylstilbene, 

3. R 2 
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for dibenzoylstilbene and tetraphenylfuran. Zinin’s formula for the 
former has been questioned by Japp and Tingle (Trans., 1897, 71, 
1139 ; Ber., 1888, 21, 2934) and also by Dorn (Annalen, 1870, 153, 
358). According to these investigators, the structure of dibenzoyl- 


stilbene is represented by : 
0. 


Pan 
0,H,*C—==C-0,H CoH Oolts 
Pt as vitlitg C,H;-C——OC,H 
C,H, C< 5 >C'C,H; \o% 
(Japp’s formula. ) (Dorn’s formula. ) 

The addition of two molecules of methyl alcohol can be conveniently 
represented by the use of either formula and results in the following 
alternative structures for hydroxydimethoxytetraphenyltetrahydro- 
furan : 

C,H;°CH C(OMe):C,H, ie C,H,"C(OH)—C(OMe)-C, 

C,H,*C(OMe):O-C(OH)-C,H, C,H,*C(OMe)-C(OH):C,H, * 

The formation of a triacetyl derivative excludes the constitution 
deduced from Dorn’s formula, and we have therefore adopted Japp’s 
structure throughout. 


EXPERIMENTAL. 
Condensation of Benzoin with Methyl Alcohol. 


The best yields of the two furan derivatives were obtained by 
rapidly passing dry hydrogen chloride into a methyl-alcoholic solution 
of benzoin cooled to 10°. At this temperature, benzoin requires 
twenty-five times its weight of alcohol to effect complete solution. 
The separation of the sparingly soluble condensation products began 
when the solution contained about 15 per cent. of hydrogen chloride, 
and ceased when the disappearance of any action on Fehling’s 
solution indicated that no free benzoin was present. The solution 
was filtered at intervals, and finally allowed to stand in the cold for 
twenty-four hours. The first and last crops to separate melted 
sharply at 185° and 285° respectively, intermediate crops being 
mixtures of the two compounds, which were separated as described in 
a previous paper (doc. cit.). The relative amount of the two substances 
formed depends on a number of conditions, and seems to be determined 
by the temperature of the solution, the rate of saturation with 
hydrogen chloride, and the intervals of time which elapse between the 
filtration of the different crops. 2-Hydroxy-3 ; 5-dimethoxytetra- 
phenyltetrahydrofuran constituted the sole product when the mixed 
crops were not removed, but were allowed to stand in contact with 
the acid mother liquor for some days. 


wM 


)- 
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An alternative method of preparation consists in mixing benzoin 
with eight times its weight of methyl alcohol, saturating the 
latter with hydrogen chloride, and allowing to stand in the cold for 
several weeks. Using these proportions, the bulk of the benzoin 
remains undissolved, but is slowly converted into hydroxydimethoxy- 
tetraphenyltetrahydrofuran, the yield of which amounted to 20 per 
cent. of the benzoin used. 


Action of Acetic Anhydride and Sulphuric Acid on 2-Hydroxy-3 : 5-di- 
methoxytetraphenyltetrahydrofuran. 


On adding 5 grams of the compound to 180 c.c. of acetic anhydride 
containing a few drops of concentrated sulphuric acid, an intense 
violet solution was obtained. On standing at the temperature of the 
room, a very characteristic series of colour changes were observed, the 
liquid finally becoming crimson and displaying well-marked fluorescence. 
A crop of small prisms weighing 3°7 grams rapidly separated, which, 
after three recrystallisations from a mixture of benzene and methyl 
alcohol, melted sharply at 292°; the acetic anhydride mother liquor, 
on concentration at 50° under 15 mm. pressure, gave a bright yellow, 
crystalline product, which, after recrystallisation from benzene, melted 
at 210—211°. 

The first of these products proved to be a triacetyl derivative. 

Found, C=74°29; H=5°32 ; CH,-CO= 24:34. 

C,,H,,0,(CH,°CO), requires C=74:18; H=5:-45; CH,-CO=23-45 
per cent. 

A Zeisel estimation gave a negative result, showing that the 
methoxyl groups had been completely removed, and a determination of 
the molecular weight in benzene solution by the cryoscopic method gave 
the value 511 (C,,H,,0, requires 550). The compound was insoluble 
in water, sparingly soluble in alcohol, but readily so in benzene. It 
behaved as a saturated substance towards bromine, and was quanti- 
tatively hydrolysed by boiling with W/2-alcoholic potassium hydroxide. 
When gently warmed with acetic anhydride containing a little sulphuric 
acid, it was completely converted into dibenzoylstilbene. 

The yellow compound referred to above (m. p. 210—211°), which 
was contained in the acetic anhydride mother liquor, was proved by 
analyses and conversion into tetraphenylfuran to be dibenzoyl- 
stilbene. The melting point quoted by Zinin (220°) appears to be 
too high, as our experience agrees with that of Japp and Klingemann 
(Trans., 1890, 57, 688), who state that they “could not, by any 
process of crystallisation, succeed in raising the melting point above 
210—211°.” 

Action of Hydrogen Iodide—Five gramsj}of 2-hydroxy-3 :5-di- 
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methoxytetraphenyltetrahydrofuran were heated at 120° in the 
decomposition flask of a Zeisel apparatus with a large excess of 
hydriodic acid (sp. gr. 1°76) until the evolution of methyl iodide 
ceased. The liquid was neutralised with solid sodium carbonate, 
extracted with a large excess of ether, and. the ethereal solution 
shaken with sodium thiosulphate solution until free from iodine, 
After standing over anhydrous sodium sulphate and removal 
of the solvent, a crystalline residue was obtained, from which deoxy- 
benzoin and tetraphenylfuran were isolated and identified by 
conversion into deoxybenzoinoxime and dibenzoylstilbene respectively. 

The reduction by Baeyer’s method was carried out in an atmosphere 
of carbon dioxide, and gave a crystalline distillate. After drying on 
porous porcelain, the product was dissolved in boiling alcohol, when a 
crop of lustrous plates separated, melting at 124°, which were further 
identified as stilbene by conversion into the a-dibromide, The 
alcoholic mother liquor contained a quantity of deoxybenzoin. The 
reduction therefore resulted in molecular rupture. 

On adding a solution of bromine in carbon disulphide to a similar 
solution of 2-hydroxy-3 : 5-dimethoxytetraphenyltetrahydrofuran, no 
reaction took place, and on evaporation of the solvent the original 
weight of substance was recovered unaltered, A negative result was 
also obtained in experiments in which a benzene solution of the 


compound was boiled with phosphorus pentachloride, There was no 
apparent reaction, and the unchanged substance was recovered. We 
have thus no direct indication of the presence of the hydroxyl 


group. 


Reactions of aB-Dibenzoyl-a-methoxydihbenzyl. 


All the reactions of this compound were carried out in the manner 
already described for 2-hydroxy-3 : 5-dimethoxytetraphenyltetrahydro- 
furan, and in most cases identical results were obtained. Thus 
a mixture of acetic anhydride and sulphuric acid converted it into the 
same triacetyl derivative, C,,H,,O,(CH,°CO),, melting at 292°, and 
also into dibenzoylstilbene (m. p. 210—211°). When reduced with 
hydrogen iodide, a mixture of tetraphenylfuran and deoxybenzoin was 
obtained, and, when distilled with zinc dust, deoxybenzoin and stilbene 
were produced. Although soluble in excess of methyl iodide, the 
compound was recovered unchanged when this solution was boiled for 
twelve hours with silver oxide. By the action of bromine in carbon 
disulphide solution, a considerable quantity of hydrogen bromide was 
formed, with the result that molecular rupture ensued. On evaporg- 
tion of the solvent and purification of the crystalline residue fr 
alcohol, a compound crystallising in prismatic needles, melting at 
110—112°, was obtained. As the substance was completely deco: a- 


BENZOIN WITH METHYL ALCOHOL. 957 


posed by alcoholic silver nitrate solution, it was evidently 2: 2-di- 
bromodeoxybenzoin, 
| 


Action of Methyl Alcohol and Hydrogen Chloride. 


Some difficulty was experienced in carrying out this experiment, as 
at moderate temperatures very little of the compound remains 
dissolved in methyl] alcohol, and thus very dilute solutions had to be 
used, On passing hydrogen chloride into such a solution, a white, 
crystalline precipitate gradually formed, which proved to be pure 
2-hydroxy-3 : 5-dimethoxytetraphenyltetrahydrofuran. It was found 
necessary to keep the liquid thoroughly mixed during the solution of 
the gas, as otherwise benzil was formed in quantity, whilst the spar- 
ingly soluble precipitate was then found to contain tetraphenylfuran, 


Synthesis of the Condensation Compounds rom Dibenzoylstilbene. 


Seventy-five grams of benzoin were mixed with 90 c.c. of con- 
centrated hydrochloric acid, and heated at 140° for ninety minutes. 
The crude product, when separated as usual from benzil, amounted to 
20 grams, so that the method of prolonging the heating for eight 
hours (Japp and Klingemann, Joc. cit.) seems to be unnecessary. 
The oxidation to dibenzoylstilbene was carried out by Zinin’s method 
by the action of nitric acid in acetic acid solution. 

As dibenzoylstilbene is very sparingly soluble in methyl alcohol, a 
very large bulk of the latter was required to effect complete solution, 
even at the boiling point. On passing dry hydrogen chloride into the 
boiling solution, white crystals separated, which, from the melting 
point, appeared to consist largely of tetraphenylfuran. The reaction 
was accordingly repeated at a lower temperature (30—40°). Under 
these conditions, part of the dibenzoylstilbene invariably separated in 
the crystalline form during the solution of the gas. The yellow 
solution subsequently became colourless, and the undissolved di- 
benzoylstilbene rapidly passed into solution. This was almost 
immediately followed by. the separation of a microcrystalline, white 
powder, which was collected in separate crops from time to time. 
The first portions contained both 2-hydroxy-3 : 5-dimethoxytetra- 
phenyltetrahydrofuran and af-dibenzoyl-a-methoxydibenzyl, mixed, 
however, with unaltered dibenzoylstilbene, which, although it re- 
tained its original melting point, was now quite white; the later 
crops, which were removed from the strongly acid mother liquors, 
consisted almost entirely of tetraphenylfuran. 

The formation of the two condensation products by this method is 
important, as giving an index of their probable mode of formation, 
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hut is more tedious than the direct preparation from benzoin, and the 
yields are poorer. 

We have already ascertained that, during the methylation of anisoin, 
reactions occur, similar to those described in the present paper, 
and we are therefore extending the investigation to other substituted 
benzoins, 


In conclusion, we desire to express our indebtedness to the Carnegie 
Trust and to the University Court for research grants, and to thank 
Professor Purdie for his interest and advice. 

CHEMICAL RESEARCH LABORATORY, 


UNITED CoLLEGE oF St. SALVATOR AND St. LEONARD, 
UNIVERSITY OF St. ANDREWS. 


XCI.—A New General Method of Preparing 


Diazonium Bromides. 


By Freperick DANIEL CHATTAWAY. 


THE more soluble of the diazonium salts cannot conveniently be 
separated from aqueous solution in a solid form by the device of 
adding alcohol and ether originally proposed by Griess (Phil. Trans., 
1864, 154, 668), and are generally prepared by a method introduced by 
Knoevenagel (Ber., 1890, 23, 2994), in which a salt of the amine, 
suspended in alcohol, is diazotised by amy] nitrite. 

The few diazonium bromides which have been described have been 
made by this method (Hantzsch, Ber., 1895, 28, 1748) or by the 
intramolecular rearrangement of bromo-substituted diazonium chlorides 
(Hantzsch and Smythe, Ber., 1900, 33, 505), or by the action of 
bromine on diazoamino-compounds, a reaction also discovered by 
Griess (loc. cit., 672), who prepared benzenediazonium bromide by 
adding bromine to an ethereal solution of diazoaminobenzene ; the 
diazonium bromide separated as a crystalline powder, whilst 2:4 : 6- 
tribromoaniline, which is formed at the same time, remained dissolved 
in the ether. 

Although bromine quantitatively converts primary aromatic hydr- 
azines into the corresponding diazonium bromides (Chattaway, Trans., 
1908, 93, 852), the reaction is not altogether convenient for preparing 
the solid salts, as, in order to prevent local heating consequent on 
the energetic action, a very low temperature has to be maintained if 
large quantities of the solvents are to be avoided. 
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A remarkably easy method of preparing these substances is, how- 
ever, found in the reaction between primary aromatic hydrazines and 
the corresponding diazonium perbromides. 

Primary aromatic hydrazines react quantitatively with the diazo- 
nium perbromides, producing diazonium bromides, thus : 

R-N-Br R‘N*H ,R°N-Br , R° N. ‘Br 
*BeN-BrtH-N-H°H-N-Br>” NT OMB. 

As the diazonium perbromides are so easily obtained in the solid 
state by adding bromine to aqueous solutions of diazonium salts, and 
as they can be kept in a dry atmosphere for a long time without 
alteration and are comparatively safe to handle, the reaction affords a 
very convenient method for preparing diazonium bromides in the solid 
state. ; 

For this purpose, it is only necessary to suspend the iinely-powdered 
perbromide in anhydrous alcohol or acetic acid, and, after cooling, to 
add the calculated quantity of the corresponding hydrazine, also 
dissolved in the same solvent and: cooled. The diazonium bromide 
either separates as a crystalline powder or can be made thus to separate 
by the addition of ether. 

As the diazonium bromides are very deliquescent, care should be 
taken to avoid the presence of water in the solvents used, as otherwise, 
on the addition of ether, oily liquids separate, which are only brought 
into the crystalline state with difficulty. The reaction appears to be a 
general one. 


Preparation of Benzenediazonium Bromide by the Interaction of Phenyl- 
hydrazine and Benzenediazonium Perbromide. 


6°9 Grams of benzenediazonium perbromide, very finely powdered, 
were suspended in 30 c.c. of absolute alcohol cooled to 0°. To this 
were added 1°08 grams of phenylhydrazine dissolved in 20 cc. of 
absolute alcohol and similarly cooled. The liquid containing the 
perbromide was rapidly stirred during the addition, and cooled in a 
freezing mixture, the temperature never being allowed to rise above 
zero. The orange-coloured benzenediazonium perbromide was gradually 
transformed into the almost colourless diazonium bromide, which, when 
the whole of the hydrazine had been added, subsided as a very pale yellow, 
crystalline powder. To separate the whole of the diazonium bromide 
from the slightly brown mother liquor, 100 c.c. of dry ether were 
added. ‘The salt was then collected, washed with dry ether, and dried 
over sulphuric acid in a vacuum, light being excluded. In two experi- 
ments carried out as above, 4°9 and 5:1 grams of benzenediazonium 
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bromide were obtained, the theoretical yield being 5°55 grams. The 
purity of the product was confirmed by an estimation of the bromine: 


0°8865 gave 0°8976 AgBr. Br=43:09. 
C,H,;N,Br requires Br = 43°20 per cent. 


A quantity was also converted into benzeneazo-8-naphthol. 

The reaction can be carried out equally advantageously in presence 
of acetic acid. 6°9 Grams of benzenediazonium perbromide, very finely 
powdered, were suspended in 12 c.c. of glacial acetic acid and cooled as 
before. To this was added 1°08 grams of phenylhydrazine, dissolved in 
6 c.c. of acetic acid, care being taken to add the latter so slowly that 
the temperature of the mixture never rose above zero. The perbromide 
gradually disappeared as before, and a white deposit of the diazonium 
bromide subsided, which passed into solution on allowing the tempera- 
ture to rise slightly, a pale reddish-coloured liquid resulting. One 
hundred c.c. of dry ether were then added, when the benzene- 
diazonium bromide separated as an almost white, crystalline powder, 
which was collected, washed with ether, and dried in a vacuum over 
sulphuric acid, light being excluded. The yield reached 97 per cent. 
of the theoretical. The purity of the product was ascertained as 
before. 


Preparation of 0-Toluenediazoniwm Bromide. 


This was prepared in a precisely similar manner from o-toluene- 
diazonium perbromide and o-tolylhydrazine, using, however, a smaller 
quantity of alcohol or of acetic acid and a larger amount of ether. 
o-Toluenediazonium bromide separated as a yellowish-white, crystal- 
line powder, which dissolved very readily in cold alcohol and crystal- 
lised in faintly yellow-coloured, small prisms on the addition of ether. 
It is a remarkably deliquescent compound, liquefying after a few 
minutes’ exposure to damp air. 


Preparation of p-Toluenediazonium Bromide. 


p-Toluenediazonium perbromide and p-tolylhydrazine react similarly, 
producing p-toluenediazonium bromide, which dissolves readily in 
alcohol and separates in small, faintly yellow-coloured prisms on the 
addition of ether. It is extremely deliquescent, and soon liquefies 
if exposed to moist air. The purity of this and of the preceding com- 
pound was established as before by estimating the bromine, and by 
converting them into the corresponding tolueneazo-6-naphthols, 

Both the toluenediazonium bromides are so deliquescent that they 
ean only be obtained in a solid state if anhydrous solvents are used. 
If any water is present, they separate on addition of ether as oily 
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liquids, which can only be made to solidify with difficulty by dissolving 

in anhydrous alcohol and reprecipitating by perfectly dry ether. 
p-Bromobenzenediazonium bromide has been prepared similarly from 

p-bromobenzenediazonium perbromide and p-bromophenylhydrazine. 


The thanks of the author are due to the Government Grant 
Committee of the Royal Society for a grant which has partly met 
the cost of the material, and to Dr. Baker for allowing him the use of 
the Christ Church Laboratory. 


CuRisT CHURCH, 
OXFORD. 


XCII.—The Absorption Spectrum of Camphor. 
By Watter Nort Hartiey, D.Sc., F.R.S. 


WirH a view to determining the nature of their atomic absorption, 
various homocyclic compounds were examined and compared with the 
spectra of benzene and its derivatives, both with regard to the 
intensity of the general absorption and the presence or absence of an 
absorption band. The typical substances for comparison were 
principally the hydroaromatic hydrocarbons, benzene hexachloride, 
camphor oil, camphoric acid, and camphor (Hartley and Huntington, 
Proc. Roy. Soc., 1880, 31,1; W. N. Hartley, Trans., 1881, 39, 153.) 

It was pointed out that any one of the formule proposed for camphor 
and camphoric acid at that time would be consistent with these 
substances being compounds with a more diactinic character than 
either benzene and its homologues or the terpenes. Neither camphor oil 
nor camphoric acid showed any absorption band, and both substances 
transmitted the ultraviolet rays more freely than hydroaromatic 
derivatives. Of the several specimens of camphor examined, only 
three were described. 

No. 1.—Crystals of camphor which had separated from camphor 
oil boiling between 200° and 220°. 

No. 2.—A specimen of the finest commercial camphor, which was 
resublimed prior to its examination. 

No. 3.—Fine crystals of camphor, spontaneously sublimed from a 
quantity of the solid No. 2, placed in a capacious bell-jar,and exposed for 
many days to the action of sunlight. As is well known, camphor vapour 
condenses on the sides of the glass most exposed to the sun’s rays. In 
this instance, the best crystals obtained were 5 mm. in length by 
2°5 mm. in width, of perfect transparency, and a brilliant appear- 
ance. These were selected for examination. The specimens No, 1 


962 HARTLEY: THE ABSORPTION SPECTRUM OF CAMPHOR, 


and No. 2 exhibited an absorption band which, on account of its feeble 
character as compared with bands seen in the spectra of benzene 
derivatives, and the ease with which dilution caused the disappear- 
ance of the band, was thought to be due to some impurity. 

No. 3, on the other hand, transmitted a continuous spectrum, “and 
was, in fact, so transparent that a solution in alcohol containing 
1/500th of the substance transmitted all rays less refrangible than 
Cd 25. This far exceeds in diactinic quality the numerous specimens 
of terpenes I have examined.” 

Having made preparations in the summer of 1907 for re-examining 
this substance, I became aware that Baly, Marsden, and Stewart had 
been led to the conclusion that camphor shows an absorption band 
but camphoroxime does not (Trans., 1906, 89, 979), and that the band 
is attributed to the “ reactivity ” of the carbonyl and the neighbouring 
CH, groups. These authors state that their solution was ten times as 
strong as that examined by me. If this were so, but of that I am 
doubtful, it might account for the difference between their conclusions 
and mine with respect to camphor. As the matter is of considerable 
interest, I have for my own satisfaction continued the experiments 
which had been projected. 

As camphor readily forms solid solutions of substances presented to 
it in a state of vapour, it was difficult to obtain it quite free from 
minute traces of such compounds as would affect its absorption 
spectrum ; but the refining of camphor on a manufacturing scale has 
now been carried to a state of great perfection, and I am indebted to 
Mr. W. E. B. Blenkinsop, of the firm of May and Baker, Ltd., of 
Battersea, for an ample supply of the doubly-refined material. This was 
again submitted to sublimation, but in the absence of sufficient sunlight 
the warmth of a 10-candle-power electric glow lamp placed in a bell- 
jar of about 5 litres capacity was substituted. The crystals as 
deposited were observed with a low power microscope ; they were all 
in stellate groups, with the exception of a single crystal of small size. 
In this respect, they differed from the large crystals obtained in 1881 
by the action of sunlight. 

To ascertain whether the crystals were homogeneous, the original 
sample, the resublimed substance, and, lastly, the residue remaining 
after about five-sixths had been sublimed were each examined 
separately. 

The concentration was ten times that usually examined, being one 
centigram-molecule in 100 c.c. of absolute alcohol. 
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Measurements of the Absorption Band Observed in Specimens 
of Camphor Solutions at Different Concentrations. 


Camphor No. 1.—Doubly refined. 


At. wt. Solution. Thickness of layer of solution in mm. 
152 N/10 49 25 15 10 5 
1°52 grams in 1/r Wr Mr Mr Nr 
100 c.c. of alcohol Rays trans- Band Band Band 
mitted to Very feeble 
8064 3190 3190 3210 3455 


to 


to to 
3886 3720 3692 


At 4 mm. there is a complete transmission of all rays to 1/A 3954, 
and at 0°5 mm. all rays are transmitted to 1/\ 4673. 


Camphor No. 2.—Sample No. 1, resublimed. 


This differs but very slightly from No. 1, in the continuous rays 
being transmitted feebly between 1/A 3455 and 1/A 3692 in a thick- 
ness of 5 mm., whereas in No, 1 there is a band at this point, 


Camphor No. 3.—Residue from No. 2, after sublimination. 


The photographs differed slightly from the foregoing, the absorption 
band being somewhat stronger even than in No. 1. 

To determine more accurately the termination of the band and the 
extent of the transmitted spectrum beyond this point, the instrument 
was carefully focussed for the more refrangible rays. 


Concentration, 1 Centigram-molecule in 100 c.c. 


Proportional thicknesses 
Layer of solution containing Rays trans- 
of liquid 1 milligram-molecule in Termination of band. mitted to 

examined. 10,000 c.c. 1d A 
49,000 mm. 4176 4411 

39,000 ,, 4037 4460 

30,000 ,, 3817 4552 

20,000 ,, ° 3817 4552 

10,000 ,, 3635 4662 

5,000 ,, 4671 
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Oscillation frequencies, 


j iJ | wl Edad 
iil ahi Mus tid is i uy iil 


3000; 2 3 45 6 7 @ 9400: 23 4 
| 


Logarithms of relative thicknesses. 


Relative thicknesses of a solution containing 1 milligram-molecule in 10,000 c.c. 


| i 


Camphor. 


Curve I. According to Baly, Marsden, and Stewart. 
Curve II. Hartley.—Sample doubly refined. 


Concentration, 1 Centigram-molecule in 100 c.c. 


The less refrangible rays were accurately focussed so as to give the 
position of the less refrangible edge of the band : 


Proportional thicknesses 


Layer of solution containing 
of liquid 1 milligram-molecule in Commencement of band. 
examined, 10,000 c.c. 1/r 
49 mm, 49,000 mm. 3064 
. ee 25,000 ,, 3190 
| es 15,000 ,, 3190 
10 4; 10,000 ,, 3210 


1/r 
5,000 ,, Indication of a band at 3500. 


he 
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Concentration 1 Milligram-molecule in 100,c.c. 
Focussed for the more refrangible rays : 


Proportional thicknesses 
Layer of solution containing 
of liquid 1 milligram-molecule in Termination of spectrum. 
examined, 10,006 c.c. A 
10 mm. 10,000 mm, 4673 
5 5 5,000 ,, 4673 
S us 3,000 ,, 4673 


’ The absorption band and the curve drawn is not precisely identical 
with that observed by Baly, Marsden, and Stewart, and their curve 
has been introduced for comparison. 

The specimens of camphor more recently examined transmit the 
rays lying beyond the band more freely. 


Conclusion. 


The band observed in the spectrum belongs to camphor, and it is 
accounted for by the juxtaposition of the CO and CH, groups in the 
molecule. 

The absorption band being a shallow one, and observed only in 
more concentrated solutions than those of benzene, would account for 
its not being photographed in solutions containing 1/500th of camphor. 
The various specimens of camphor originally examined, with the 
exception of that described as No. 3, undoubtedly did contain an 
impurity which was not improbably cymene. 


I desire to express my thanks to Mr. A. G. G. Leonard, A.R.C.Sc.L, 
for the care he has exercised in taking the latter photographs and 
drawing the curves, and to Mr. W. E. B. Blenkinsop for the camphor 
presented to me. 


Roya CoLLEGE oF ScrENCE, DUBLIN. 
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XCII.—The Chemical Action of Radium Emanation. 
Part III. On Water and Certain Gases. 


By ALEXANDER THomAs CamMERON and 81x WILLIAM Ramsay, K.C.B. 


Tue first paper of this series (Trans., 1907, 91, 931) contained 
(p. 941) a table of measurements of the rate of decomposition of 
water by radium emanation. The curve obtained by plotting the 
rate of increase of the gas volume against time was not exponential ; 
in character it resembled the curve representing the decay of the 
emanation, but its period of half value was 2°53 days, that of the 
emanation being 3°86 days. The method of experiment caused a 
constant change in the ratio of the volumes of the gas and water 
phases; this probably explains the discrepancy observed. It 
_ appeared desirable to make further experiments in this direction. 

An apparatus was devised in which both gas and water phases 
were kept constant, the changes in the amount of gas being 
read by the pressure it exerted. Under such conditions the eman- 
ation, if it obeys Henry’s law, should divide itself in a definite 
ratio between the two phases, and, since it appears certain that the 
medium containing it does not affect its rate of decay (see Moore, 
Proc. Roy. Soc., 1908, 80, A, June), the ratio of emanation in the 
water phase to emanation in the gas phase should remain constant 
throughout the whole experiment. 

The results obtained were simple. The curve showing rate of 
decomposition was exponential; the period representing the total 
action approximated more closely to that of the half decay of the 
emanation (3°86 days) the more exact the experimental data. 

Similar results were obtained for the recombination of hydrogen 
and oxygen, and these were so successful that it appeared desirable 
to extend the observations to other gases. Great stress cannot be 
laid on the quantitative results in these experiments; they must 
be regarded as preliminary investigations. The qualitative results, 
however, seem to be of sufficient interest to merit immediate 
publication. 

It was found that carbon dioxide is decomposed into carbon, 
oxygen, and carbon monoxide; carbon monoxide into carbon, 
oxygen, and carbon dioxide ; ammonia is converted in considerable 
quantity into nitrogen and hydrogen; the component gases re- 
combine in less amount for the same quantity of emanation present. 
Hydrogen chloride is decomposed into hydrogen and chlorine, and 
the absorption of the latter by mercury permits measurement of 
the rate of action. So far the only gas tested in which the action 
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of the emanation was not discernible is steam, this being particu- 
larly remarkable in view of the comparatively rapid decomposition 
of water in the same circumstances. In all, twenty experiments 
have to be recorded, four with water, five with hydrogen and 
oxygen, three with carbon dioxide, the same number with ammonia, 
and single experiments with carbon monoxide, hydrogen chloride, 
nitrogen and hydrogen, electrolytic gas at 130°, and steam at 130°. 


Apparatus and Method of Experiment. 


The apparatus used for most of the experiments was a modifica- 
tion of that described in a previous paper (Trans., 1907, 91, 1267), 
and employed to measure the emanation 
itself. It is shown in Fig.1. The method 
varied considerably with the experiment. 
In general, the gas to be tested was taken 
through the inverted siphon, A, into the 
burette, C, and then, by reversing the 
stopcock, B, allowed to enter the rest of 
the apparatus (previously pumped empty 
through F). By closing the stopcock, 
H, and allowing the mercury to rise 
through J, the amount of gas in the 
apparatus could be gauged, and more 
added, or part removed through the 
pump, as found desirable. Finally, the 
apparatus between the stopcock, H, and 
the taking-in burette was again >x- 
hausted through F. The electrolytic 
gases containing emanation, which had 
accumulated over a solution of radium 
salt during several days, were introduced 
through the inverted siphon, and ex- 
ploded in the burette, C. If hydrogen 
was one of the products of decomposition 
of the tested gases (for example, with 
ammonia or hydrogen chloride), the 
residual excess of hydrogen, containing 
the emanation, was forced through the 
apparatus by raising the mercury, 
caused to pass through the phosphoric 
oxide tube, and finally added to the gases to be experimented with 
through the tap, H. H was then closed, and the mercury level 
raised to the point WV, the pressure being given by the barometric 
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pressure less the difference of level between WV and the mercury in 
the’ reservoir, O. The tap J was closed. Readings were taken 
daily, and usually extended over a period of three or four weeks. 

Where not hydrogen, but oxygen, was a product of the reaction, 
the excess of hydrogen was exploded with about its own volume 
of oxygen, and the remaining oxygen and emanation added in 
the same way. 

Where the method differed largely from that described, an 
account will be given under the heading of the particular experi- 
ment. That employed for the first experiment was essentially 
different, and may be described here. No phosphoric oxide tube 
was used in this case or in any similar case when water or a gas 
absorbable by the pentoxide was employed. The electrolytic gases 
containing the emanation were exploded, and a small quantity 
of water taken over into the burette along with the excess of 
hydrogen. The water and hydrogen were then introduced into the 
bulb JF (by raising the mercury reservoir P), and water and 
emanation frozen by jacketing with liquid air. The excess of 
hydrogen was pumped off through F, and then water and emanation 
forced over through H and J into the measuring bulb (Fig. 1a). 
The point V was set against the lower surface of the water, and 
the stopcock J closed. In this way the gas phase, L, and the water 
phase, M, were definitely fixed. Daily readings were taken; 
the point was always set to the under surface of the water, and 
the pressure read. The two phases thus had always definite con- 
stant’ volumes, since the amount of water decomposed was never 
great enough to affect its volume appreciably. 

Since these experiments occupied a considerable time, it was 
convenient to perform several simultaneously. For this purpose 
the measuring bulb X was replaced by an apparatus of the kind 
shown in Fig. 2. The bulbs were separately filled with different 
gases or water, and the taps turned. The emanation with hydrogen 
or oxygen, as found desirable, was allowed to rise to the level X, 
when it divided itself according to the volumes of the tubes 
between the taps and the horizontal bend, and each part in turn 
could be allowed to enter its special bulb. By calibration of the 
tubes afterwards, it was found possible to calculate what percentage 
of the total quantity of emanation was employed in any particular 
experiment. 

In the figure, the bulb A was used for hydrogen chloride. Since 
the formation of mercury chloride seemed likely to render readings 
against a point difficult, a scale, #, was fixed to the tube, and 
the mercury level altered from time to time. A cup-shaped bulb 
was employed, the depression, F, containing mercury; the down- 
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ward flow of mercury vapour thereby produced caused much more 
rapid absorption of any chlorine liberated. 

Tube B contained a point, and was packed with phosphoric oxide 
enclosed between plugs of glass wool. It was used for dry hydrogen 
and oxygen in order to measure the total recombination produced, 
the water being absorbed as fast as formed. 

Tube C only contained a point, and was of the type used for 
ammonia, carbon dioxide, and carbon monoxide. 

Tube D was the type employed for the final experiments with 
water. The water was introduced through the side-tube H from 
a weighed wash-bottle; the amount of water was ascertained by 


Fie. 2. 


difference. The side-tube was then sealed with the blow-pipe. In 
this way much more exact measurements were obtained. 

In order to convert the pressure readings into exact volume 
measurements, it was necessary to calibrate the space enclosed by 
the mercury surface set at the point. Where possible this was done 
by filling the space with mercury, which was then weighed. 

For the later experiments with ammonia and with nitrogen and 
hydrogen, an entirely different apparatus was devised. This in 
some ways leads to more correct results, and it obviates the neces- 
sity of a pump. 

By raising the reservoir, XK, and lowering G (Fig. 3), and drawing 
gas from £, and by turning the stopcock B and then forcing the gas 
through A, the apparatus itself serves as a pump, and in this way 
it can be completely filled with mercury. The actual burette used 
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contained points as at D, the volumes to these points being accu- 
rately known. The method of using this measuring apparatus has 
been described by one of us previously (Proc. Roy. Soc., 1905, 76, 
A, 113; Trans., 1907, 91, 939). 

The gas to be tested is taken into the burette through the in- 
verted siphon, and accurately measured; emanation and excess 
of hydrogen are added, and the total volume again measured. By 
reversing the tap B, raising the reservoir G, and lowering K, the 
gas can be forced into H, and the pressure 
read as usual. The tap F is closed except 
when readings are being taken. Since the 
original volume has been determined, the 
space # to the point H is thereby imme- 
diately calibrated. 

Errors in some of the earlier experiments 
are considerable, as the methods employed, 
especially in calculating, were only gradu- 
ally perfected, particularly as regards the 
measurement of the water space. When- 
ever readings were taken with the original 
apparatus, bubbles passed up through the 
taps. These appeared to be due, not to 
external leakage, but to the action of a 
trace of emanation trapped at the taps, on 
the tap-grease ; the gas was probably carbon 
dioxide. As the emanation decayed, the 
size of the bubble diminished. Finally, no 
bubble was formed ; moreover, in the experi- 
ments with the apparatus in Fig. 3, where 
emanation did not come into contact with 
the tap F, no such phenomenon occurred. 
As far as possible, the pressures were 
measured before and after a bubble passed 
up, and the error thus eliminated. 

The part of the apparatus in Fig. 3 
below the dotted line could also be used very simply to calibrate 
tubes, such as B and D (Fig. 2), the nature of which would not 
permit them to be filled with mercury. These were cut off below 
the taps, and rubbered on to the capillary tube cut at Z. Mercury 
was forced up into B, say, and set at the point, the pressure being 
read as usual, Part of the gas was then drawn into C, the tap B 
turned, and the gas below measured, then rejected through A. 
Finally, the mercury was again set at the point in B, and the pres- 
sure again read. The difference of pressure (P,-— P) was that 
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exerted by the amount of gas measured (V, say), so that the volume 


of B to the mercury-point surface is given by _ . 
el \ 


In the detailed account of the experiments which follows, it 
has been found convenient to give the amount of the emanation 
used in terms of the amount produced from one gram of radium 
(metal) in 3°86 days.* This quantity is called H. In all cases the 
pressure readings have been corrected for expansion of mercury 
and gas to 0°, and, where necessary, for the vapour pressure of 
water. 


Experiments with Water and with Hydrogen and Oxygen. 


Experiment 1.—The method employed has been indicated (p. 968). 
The tube was calibrated by mercury, and, since the water space was 
not large, the error in this calibration is certainly not negligible. 
The result gave gas space 1°‘267 c.c., water space 0°291 c.c. The 
amount of emanation used was that collected during six days from 
a solution containing 101 milligrams of radium bromide and 10 
milligrams of radium sulphate. This is equivalent to 0°0806 E. 
In the fourth and fifth columns, V,, is the final volume, V, the 
initial volume, and V; the volume at time ¢. 

Time Pressure Volume Vong — Vi o Veg — Vii 
in days. in mm. ine.c. Vo -—Vi. 100 V. my le log \ ee my dy 

0°015 0°766 100 2°000 
0°116 0°665 86°8 1°938 
0°150 0°631 82°4 1°916 
0°277 0°504 65°8 1°818 
0°377 0°404 52°7 1°722 
0°450 0°331 43°2 1°635 
0°509 0°272 1°550 
0°576 0°205 — 38 1°428 
0-600 0°181 3° 1373 
0°629 0°152 9° 1°297 
0°659 0°122 5'§ 1°201 
0°682 0°099 2° 1111 
0°697 0°084 ; 1041 
0°714 0°067 : 0:939 
0°728 0°053 0°839 
0°730 0°051 0°826 
0°750 0°031 0°602 
0°759 0°022 0°462 
0°765 0°016 0°322 
0°768 0013 0°230 
0°766 0°015 0°301 
0°763 0018 0°362 
0°781 0°000 


CNHNHKHNMNKROD 
SventeHdsSoXsd 


* In experiments 1, 2, 5, 6, and 7, the emanation was obtained from 101 milli- 
grams of radium bromide and 10 milligrams of radium sulphate ; in the remaining 
experiments, from a mixture of radium bromide and carbonate, corresponding with 
431 milligrams of bromide. The calculations are based on the assumptions that the 
formule RaBr,,2H,O and RaSO, are correct, that the atomic weight of radium is 
226°5, and that the period of half decay of the emanation is 3°86 days. 
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The curve obtained by plotting the figures in the fifth column 
against the time, and the logarithmic curve (sixth column against 
time) are shown in Fig. 4. Their significance will be considered 
later. 

Experiment 2.—The experiment was one of. three conducted 
simultaneously. Water was introduced into the measuring bulb 


Decomposition of water. 


200 


= 
8 
$ 
& 
s 
8 
3 
NG 


10 
Time in days. 


© Points in Experiment 1. x Points in Experiment 3. 


Fig. 4. 


before sealing it to the apparatus, and the height of water read and 
afterwards calibrated with mercury; the error in this case is pos- 
sibly large. The mixed electrolytic gases containing emanation 
were admitted after exploding a portion of them, there being there- 
fore a slight excess of hydrogen. The emanation used was equiva- 
lent to 0°050 E. The gas space was 3°297 c.c., the water space 
0°427 c.c. 


—_— or eer © & © — Pt mM 


~- 
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Pressure Volume 
in mm. in ¢.c. Van —Vitn 
632°2 2°742 0°110 
653°2 2°833 0°201 
1°07 658°9 2°858 0226 
1°96 632°0 2°741 0°109 
2°84 627°9 2°724 0°092 
3°80 624°9 2°710 0°078 
4°80 622°0 2°698 0°066 
6°80 619°4 2°687 6°055 
9°88 609°4 2°643 0011 
11°91 612°4 2°657 0°025 
13°80 607°1 2°633 0°001 
15°00 609°1 2°642 0°009 
15°79 604°1 2°620 
16°85 607°6 2°638 0°006 
21°89 606°7 2°632 0:000 


The results are irregular, and the whole volume-change small. 
The curve obtained by plotting the figures in column 5 against 
time is shown in Fig. 4a. 

The gases were analysed at the conclusion of the experiment, 
with the following result: 

Hydrogen 
Oxygen 
Nitrogen and carbon dioxide...... ... 


Total volume ...... 


A trace of gas not pumped off would account for the difference 
in volume. 

Experiment 3.—The experiment was one of three conducted 
simultaneously. Water was pipetted into the bulb, as described 
previously, from a minute wash-bottle, and the amount ascertained 
by weighing the bottle before and after. The whole bulb was 
calibrated afterwards, the gas and water volumes being exactly 
known. (Gas space, 3°789 c.c.; water space, 2°302 c.c.) The 
emanation was introduced with excess of oxygen, and was equivalent 
to 0°062 E. At the end of ten days, considerable leakage unfor- 
tunately occurred. The real final value was accordingly determined 
by extrapolation. 

Time Pressure Volume - V, Van — Vi 
indays. in mm. in c.c. » pes log ee es 

0 39°9 0°200 , 2°000 

0°25 42°5 0°212 ; ; 1°986 

0°81 49°7 0°248 ri 1°943 

0°92 52°6 0°262 , 1°925 

1°89 62°8 0°310 % : 1°856 

2°80 71°8 0°358 ; ‘ 1°774 

3°81 80°5 0°401 ; 1°685 

4°81 86°4 0°431 : ° 1°610 

90°4 0°451 5 1°552 

97°0 0°484 , : 1°434 

107°9 0°538 F . 1°125 
(0°590) ‘ 
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The gas was analysed, and found to contain 0°272 c.c. of oxygen 
(after deducting the amount due to air leakage), and 0°343 c.c. of 
hydrogen, giving a total volume of 0°615 c.c., which agrees fairly 
closely with the extrapolated value. 

The curves are shown in Fig. 4. 

A further experiment was carried out in the same way. At the 
end of six days, a vacuum was created below the tap (Fig. 2, D), 
and a clear passage to the pump was left; the tap was turned for 
about two seconds. The gas below the tap was then pumped off, 
and readings continued for eleven days more. The change of 
volume in the second part of the experiment was much slower 
(0°058 c.c. in the eleven days, as compared with 0°728 c.c. in the 
first six days), proving that the emanation makes its escape from 
the water phase to a vacuum above almost instantaneously. The 
first curve was not exponential, but there were an insufficient 
number of points to determine its nature accurately. 

Experiment 4 (Moist Hydrogen and Oxygen).—The electrolytic 
gases, with emanation, were exploded down to reasonable bulk, and 
introduced into the measuring bulb. They contained therefore 
excess of moisture throughout the experiment. The emanation 
corresponded with 0°093 E. The volume of the measuring tube was 


2°186 c.c. 


Time Pressure Volume 
in days. in mm. in ¢.c. 
523°5 1°505 
519°8 1°495 
487°0 1°401 
442°0 1'271 
405°6 1°167 
384°5 1°106 
369°5 1°063 
352°2 1013 
343°5 0°988 
321°4 0°924 
319°3 0°919 
316°6 0911 
312'3 0°898 
291°0 0°837 


—— 
IH SeEIIDS 


NO rf WMH OO 
Sordéerscd 


The curves are shown in Fig. 5. 

Experiment 5 (Moist Hydrogen and Oxygen).—This, exactly 
similar to the previous experiment, was one of three conducted 
simultaneously. The amount of emanation was equivalent to 0°025 
E. The volume of the measuring tube was 2°79 c.c. 


RADIUM EMANATION. PART III. 


Combination of hydrogen and oxygen. 


Volume, per cent. 


j 

5 

Time in days. 

©) Points in Experiment 4. x Points in Experiment 5. 
Fic. 5, 


Pressure Volume Vi-Vin 
in mm. in c.c. Vi-Veg» “he 
564°5 2°073 0°221 
557°4 2°047 0°195 
558°0 2°049 0°197 
551°4 2°025 0°173 

* 545°0 2°002 0°150 
538°0 1976 0°124 
531°2 1°951 0°099 
524°7 1°927 0°075 
510°8 1°876 0°024 
509°3 1°871 0°019 
506°5 1°860 0°008 
502-1 1°844 
504°0 1°851 
505°6 1°857 


, 
owl | enon gs 


63 


0-005 
504°8 1-852 0-000 
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The curves are shown in Fig. 5. The gases were analysed, with 


the result: 
c.c. 


Total volume 
The measured and final volume thus agree very closely. 


Experiment 6 (Dry Hydrogen and Oxygen).—The method was 
that usually employed, the measuring tube containing phosphoric 


Combirttion of hydrogen and oxygen. 


10 
Time in days, 
©) Points in Experiment 6. x Points in Experiment 7. 
@ Points in Experiment 8. 


Fia. 6. 


oxide (as in B, Fig. 2). The amount of emanation used was equiva- 
lent to 0°044 E. The volume of the tube was 4°996 c.c. 
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Time Pressure Volume Q=1 oo Vt - Veo) 

in days. in mm. in ¢.c. ~F¥a. ~ ” F-r mee 
577°6 3°798 0°555 | 2°000 
560°6 3°686 0°443 ’ 1°802 
564°1 3°709 0°466 : 1°924 
552°4 3°631 0°388 ‘ 1°844 
546°9 8°595 0°352 , 1°802 
535°6 3°522 0°279 : 1°702 
530°2 3°485 0°242 . 1°639 
§21°5 3°428 0°185 ; 1°522 
505°6 8°324 0°081 A 1°164 
502°8 8°305 0°062 ‘ 1°049 
496°4 3°264 0°021 ' 0°580 
496°9 3°267 0°024 ‘ 0°633 
500°2 3°288 0°045 : 0°908 
501°7 3°297 0°054 : 0°987 
493°3 3°243 0°000 , 


The curves are shown in Fig. 6. Analysis of the gas gave the 
result : 


Hydrogen 
siinabertvcmannciinig:vangys ens esens 
Nitrogen and carbon dioxide 


Total volume 


Here, also, there is a close agreement between the measured and 
the calculated volumes. 

Experiment 7 (Dry Hydrogen and Oxygen).—The experiment 
was one of three conducted simultaneously. The tube was filled 
with electrolytic gas, and oxygen, containing emanation equivalent 
to 0°'103 E, was added. The volume of the tube was 3°432 c.c. 


—1007t- Vo 
Q=10 5-52. eg 
100 2-000 
99°6 
100°2 
101°1 
101°1 
100°0 
100°4 
98°8 
98°7 
97°5 
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The bubbles passed up through the tap, and measured (by differ. 
ence in pressure) throughout the experiment were in all 0°026 c.c. 
(actual final volume, 1°051). The gas was pumped off and 
analysed : 


Total volume 


The curves are shown in Fig. 6. 

Experiment 8 (Dry Hydrogen and Oxygen).—This was carried 
out in exactly the same way as experiment 7. The tube was filled 
with electrolytic gas of more than 99 per cent. purity. The 
emanation, equivalent to 0°063. E, was added with excess of 
hydrogen. The volume of the tube was 1°566 c.c. 


Time Pressure Volume 
in days, in mm. in ¢.c. 0° * log Q. 


469°2 0°967 0°476 2°000 
469°1 0°967 0'476 

446°8 0°921 0°430 ; 1°956 
397°8 0°820 0°329 : 1°839 
382°8 0°789 0°298 ‘ 1°797 
360°2 0°743 0°252 ; 1°723 
325°4 0°671 0°180 ' 1°577 
280°7 0°579 0°088 : 1°267 
268°0 0°553 0062 ; 1114 
244°1 0°503 0°012 : 0°398 
241°4 0°494 0°003 : 1°778 
239°6 0°491 0-000 ; 


The gases were not analysed. The curves are shown in Fig. 6. 

It is now necessary to consider the significance of the results 
shown by the curves in Figs. 4 to 6. The emanation decays accord- 
ing to the equation: 


a e-M, 

Vo 
and falls to half value, according to Saekur’s determination, in 3:86 
days. In experiments 4 to 8 the volume of gas has decreased con- 
tinuously, hydrogen and oxygen uniting to form water. The value 
(Vo—Vep) represents the whole effect of the emanation, the total 
quantity of gas combined. It corresponds with », the total 
quantity of emanation acting. At any time ¢, the amount recom- 
bined is given by (V,—V;). It corresponds with (v,—%), the amount 
of emanation which has decayed up to time ¢. The quantity (V;— Vp ), 
is the amount of recombination still to take place, to be brought about 
by the emanation still undecayed, v; If the emanation produced an 
effect proportional to the amount present, then 


—_— on a 2 


— Oh SF" = 2. fF 
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from which it follows that 

Vi-Ven _ at 

V -Von wath a ’ (1) 
where A should have the same value, and consequently the time of 
half action (constant +2) should be 3°86 days. 

Exactly the same reasoning applies to the figures in experiments 
1—3,. In these, the amount of gas is continually increasing ; V,. — V, 
represents the total change equivalent to v ; (Vo ~ Vi) represents the 
change yet to be produced after time ¢, corresponding with the 
emanation yet undecayed, y% ; wherefore, similarly to (1), 

Von — Vt _ gaat 
—. 

The values in the fifth columns have all been obtained by taking the 
total change of volume (V,— V,, ) as 100, the sixth column containing 
the corresponding logarithms. The fact that the points on the 
logarithmic curves in Figs, 4 to 6 lie fairly closely on straight lines, 
shows that the equations (1) and (2) actually hold for some constant A. 

The following table shows that the time of half action, 7’, approxi- 
mates to 3°86 days. It has been determined graphically from the 
curves, /P, is the initial pressure, and P,, the final pressure ; their 
difference gives some criterion of the relative accuracy of each experi- 
ment. Vz is the volume of gas which would be decomposed or recom- 
bined by E c.c. of emanation (p. 971). 

No. of Gas Water Amount Vv 


experi- (P,>-P.). (Vo-Voao). T. phase. phase. of emana- E 
ment. mm, C.C. days, A . 1c, tion. C.C, 


459°5 0°766 3°35 0°207 ; : 0°081E 9°46 


cons 0°110? pat 3° 0°050E (2°20) 
84°7 fi . _— : { 0°062E 6°29 
232°5 ; : 0°204 ; 0°093E 7°18 
60°2 ‘ : 0°159 ' 0°025E 8°84 
84°3 : : 0°170 , 0°044E 12°61 
117°4 4 ‘ 0°161 y 0°103E 501 
229°6 ; . 0°071 < 0°063E 7°56 
Theor. ; 0°1795 


The fact that the mean value for 7 exactly coincides with the 
theoretical value, of course, has no real significance, since the 
graphic determination is certainly not correct to the second decimal 
figure. It will be observed that experiments 2, 3, 6, and 7, 
where the points do not lie well on the curve, represent small 
changes of pressure and large experimental errors. The converse is 
true for the other experiments. Since the experiments give ex- 
ponential curves, the constants of which approximate to those for 
the emanation, it would appear that in any experiment the chemical 
action produced by the emanation is strictly proportional to the 
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amount present, and, further, that every molecule of emanation 
disintegrating produces a definite chemical effect. But in experi- 
ments 6 to 8, which should be comparable, the gas in each case 
being dry hydrogen and oxygen, and the condition of experiment 
the same, the total recombination effected varies within wide limits 
(calculated for E between 5°01 and 12°62 c.c.). This points to 
some other factor than the emanation playing a part in the chemical 
action. Excess of one of the constituents may produce an effect. 
Pressure appears to be without effect. The curves remain exponen- 
tial during large changes of pressure. It seems more probable that 
the surface is the unknown factor. It varies from experiment to 
experiment, but remains constant during any one experiment. 
The rate of change is consequently not affected, but the total change 
is altered. Since in these experiments the surface is large, due to 
the presence of phosphoric oxide, they are unsuitable for the deter- 
mination of the part played by it in the reaction. In experiments 
4 and 5, where the gases were moist and the surface was small, 
since plain measuring tubes were employed, the agreement is much 
closer. 

We have assumed that the emanation obeys Henry’s law, and 
divides itself in a constant ratio between the gas and - water 
phases, as in the first three experiments. The recombination 
effected in the gaseous phase follows an exponential law (experi- 
ments 6 to 8). The volume changes measured in experiments 
1 to 3 are the differences between decomposition in the water phase 
and recombination in the gas phase. They also obey the same 
exponential law. It follows that the decomposition in the water 
phase must also follow that law. The data are still insufficient to 
calculate the ratio in which the emanation divides itself between 
gas and water. It is necessary first to find some method of deter- 
mining the extent to which surface plays a part in the reaction. 
The data of the first three experiments, however, indicate that, 
volume for volume, the emanation produces a far greater effect 
in the liquid phase than in the gas phase. 

The causes underlying these changes will be discussed at the 
end of this paper (pp. 990, 992). 

Some rough measurements have been made of the total volume of 
electrolytic gas obtained from the solution of radium bromide 
containing 0°231 gram of radium as metal. The results are tabu- 
lated : 


Time of collection Volume of gas Volume per gram Ra 
in hours. in c.c. per 100 hours. 
22 : 148 
70 ‘ 123 
94 : 122 


RADIUM EMANATION. PART III. 981 


It seems that there is gradual increase of recombination in the 
gas phase, as the amount of emanation in that phase iicreases. 
The corresponding figure, 60 c.c., calculated from results already 
published (Trans., 1907, 91, 934: mean result, 32 c.c. per gram 
of radium bromide, RaBr,,2H,O), is quite different. Here, again, 
it appears that surface plays a considerable part in the amount 
of reaction. 


Experiments with the Oxides of Carbon. 


These can only be regarded as preliminary and qualitative. 

Experiment 1.—Four days’ accumulation of electrolytic gas and 
emanation from 0°231 gram of radium (metal) as bromide, allowed 
to decay during one day, was exploded down; the residual gas was 
mixed with a small quantity of carbon dioxide, and cooled to — 185° 
by means of liquid air; the hydrogen was then removed by pump- 
ing. After the temperature had risen, the carbon dioxide and 
emanation were forced into a small measuring tube (capacity, 
0°1197 c.c.) and readings taken. It was thought probable that 
the dioxide would decompose into carbon monoxide and oxygen, 
and that the increase of volume would be measurable. On the 
contrary, the gas contracted very slightly in volume (from 0°0907 
to 0°0870 c.c. in three days), and a black ring of carbon began to 
deposit immediately, just above the mercury surface. After the 
third day, no readings could be made, on account of this carbon 
deposit, and at the same time owing to the formation of an appre- 
ciable quantity of mercuric oxide at the mercury surface. 

Experiment 2.—Four days’ accumulation of emanation, from 
0°2307 gram of radium (metal) as bromide, was separated as pre- 
viously, and used to treat a much larger quantity of carbon dioxide. 
An exactly similar result was obtained. A ring of carbon above 
the mercury surface was distinctly noticeable before the end of the 
first day, and gradually increased in thickness. The volume slowly 
decreased (in three days from 0°592 to 0°581 c.c.). The gases were 
afterwards pumped off, pure oxygen introduced, and the tube 
heated to 300—400°. The carbon burned away quietly, the volume 
remaining unchanged. The tube was broken before the carbon 
dioxide could be measured. 

Experiment 3.—Carbon monoxide was prepared from formic 
acid and sulphuric acid. It was introduced into the apparatus in 
the usual manner, emanation and oxygen being added (the experi- 
ment was one of three conducted simultaneously). The emanation 
was equivalent to 0°05 E. The gas immediately commenced to 
contract, and carbon was deposited. Readings were taken over a 


period of four weeks. 
3 T 2 
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Time Pressure Volume Q=100 Vi-Ven 
in days, in mm. in ¢.c. Vi- Vege ~*~  Ko-Ven =D 
299°2 1°046 0°177 100 2°000 
300°1 1°048 0°179 101°1 
300°9 1°051 0°182 102°8 
299°7 1°047 0178 100°6 
298°9 1044 0°175 . 98°9 
298°1 1°042 0°173 97°7 
297°1 1°038 0°169 95°5 
296°2 1°035 0°166 

296°1 1°035 0°166 

297°1 1°038 0°169 

290°7 1°010 0°141 

289°0 1°006 0°137 

281°1 0°981 0°112 

275°1 0°959 0°090 

272°1 0°949 0°080 

266°1 0°928 0°059 

262°1 0°914 0°045 

260°4 0-908 0°039 

258°6 0°901 0-032 

252°7 0°880 0011 

253°8 0°884 0°015 

250°3 0:872 0°003 

249°7 0°869 0-000 


UIePwNroooooooooeoseo 


POOMMMSDNNNHKSSSSS 
Ke HOON KE OME HONGSePh 


The gas was pumped off and analysed: 


Apparently, therefore, the monoxide decomposed to form both 
carbon and oxygen, and carbon and carbon dioxide, although it 
is possible that the carbon dioxide was produced by the interaction 
of the oxygen and carbon. The curves are shown in Fig. 7; the 
time of half change was 3°1 days. 

Experiment 4.—It was considered possible that, if yellow phos- 
phorus were present when carbon dioxide was treated with eman- 
ation, the oxygen would be absorbed as fast as formed, and the 
rate of reaction thereby rendered measurable. The experiment was 
performed in a tube of the form D, Fig. 2, the tube being sealed to 
the apparatus, and phosphorus introduced through the side-tube, 
which for that purpose was made specially long and wide, and 
which was then sealed. Absolutely pure carbon dioxide was intro- 
duced in the customary manner, and emanation with oxygen added. 
The phosphorus was gently warmed, and immediately on melting, 
part catching fire and absorbing the oxygen present, completely 
changed to the red variety. Although it has been observed 
(Becquerel, Compt. rend., 1901, 188, 709) that B-rays change 
yellow into red phosphorus, such immediate action was not expected. 
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A series of readings was taken, and it will be observed that there 
was a slight increase in volume. The emanation used was equiva- 
lent to 0°125 E. 
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Time. Pressure. 
405°6 
411°0 
420°3 
425°'8 
426°7 
429°4 
417°6 


Volume. 
1°828 
1°894 
1°937 
1°983 
1°968 
1°980 
1°925* 


Time in days. 


©) Points in experiment with carbon monoxide. 
x Points in experiment with nitrogen and hydrogen. 


Fic. 7. 


The gas was analysed, with the following result: 


I aptasesirndsdinindac coesestes 


Total volume...... 


1°400 c.c. 


99 


* This reading was probably incorrect, the apparatus having been moved in the 


interval, 
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It would appear, therefore, that with carbon dioxide, also, both 
possible reactions take place; the non-increase of volume in the 
first two experiments, and the increase in the last, point to some 
factor, as yet unknown, which determines the nature of the change. 


Experiment with Hydrogen Chioride. 


The hydrogen chloride was prepared from sodium chloride and 
sulphuric acid, and may have contained a trace of impurity. It © 
was introduced into the measuring tube A, Fig. 2, in the usual 
manner, and emanation (0°069 E) and hydrogen introduced. The 
method of reading has been indicated previously (p. 968). The 
measurements follow. The volume of the measuring tube was about 
6°6 c.c. 


Time Volume oF 
in days. in ¢.¢. f @- : log Q. 


2°464 0°561 2°000 
2°454 0°551 . 1°992 
2°204 0°301 ' 1°728 
2°086 0°183 5 1°513 
2°079 0°176 5 1°496 
2°060 0°157 P 1°447 
2°038 0°135 : 1°381 
1°985 0°082 P 1°165 
1°949 0°046 , 1°914 
1°930 0°027 : 1°682 
1926 0°023 : 1°649 
1°903 0°000 : 


The curves are shown in Fig. 8. The time of half change is 5°9 
days. 

In considering these curves, it must be remembered that the 
errors of observation are much larger than usual, both volume and 
pressure readings being taken, and that the pressure readings varied 
only between the limits 511°4 and 594°3. The presence of mer- 
curous chloride was observed after the first day, and a considerable 
amount was deposited during the experiment on the whole sur- 
face of the tube. The gas was analysed, and found to contain 
0°322 c.c. of hydrogen. This does not agree very closely with the 
calculated value. The actual final volume was 1°993, the differ- 
ence, 0°090, was due to bubbles from the tap, added in the course 
of the experiment, and probably consisting of carbon dioxide. 


Experiments with Ammonia and with Nitrogen and Hydrogen. 


The first experiment was performed in a simple measurement 
tube (type C, Fig. 2). Ammonia, prepared from slaked lime and 
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ammonium chloride, was introduced as usual. Hydrogen and 
emanation (0°060 E) were added. The initial decrease in volume 
recorded below demanded attention. The remaining experiments 
were performed, therefore, in a specially devised apparatus, shown 
in Fig 3. The method of using this has been described (p. 969). 
In the second experiment, the presence of a trace of moisture along 
with the gases was observed.’ This was thought to account for the 


100 i; 


Volume, per cent. 


Time in days. 
Fie. 8. 


initial decrease found in that case. In the third experiment, 
especial precautions were taken to dry the apparatus and purify 
the gas. The initial decrease in volume was almost eliminated. 
In order to compare the results, the initial volume has been taken 
as zero; in all cases the corresponding numbers are shown in the 
fourth column. In the second and third experiments, the respective 
quantities of emanation employed, in each case added with hydro- 
gen, were 0°24 E and 0°23 E. 
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Experiment 1.— 
Arbitrary 
Time. Pressure. Volume, scale. 
0 551°4 0°628 0 
0°17 546°1 0°622 — 0°006 
0°73 485°6 0°553 —0°075 
1°93 461°8 0°526 —0°102 
2°73 469°7 0°535 — 0°093 
3°75 481°2 0°548 — 0°080 
5°80 491°7 0°560 —0°068 
9°77 496°0 0°565 — 0°063 
13°78 499°6 0°569 —0°059 
18°76 §02°2 0°572 —0°056 
23°86 502-0 0°572 — 0°056 


Experiment 2.— 


0 425°7 
0°81 396°5 
1°74 431°7 
2°75 510°0 


Experiment 3.— 


0 807°1 1°945 
0-18 805°3 1-941 - 0-004 0-429 2-000 
0°90 828°3 1°996 +0°051 0°374 ; 1940 
1-90 864°7 2°084 0-139 0-286 ' 1°824 
2°18 883°0 2°128 0°183 0°242 : 1°751 
2°92 911-0 2°195 0°250 0-175 ' 1°610 
4°90 942°4 2°271 0°326 0°099 5 1°363 
6-91 964°4 2224 0°379 0-046 1-030 
10°05 974°2 2°348 0°403 0°022 : 0°710 
11-90 979°0 2°360 0°415 0-010 ‘ 0°367 
© (2°370) (0°425) 0°000 , _ 
The curves obtained by plotting the figures in column 4 against 
time are shown in Fig. 9. In order to see whether those in experi- 
ments 1 and 3 are exponential (in experiment 3, the final value was 
found by extrapolation), the first value in column 5, showing in- 
crease in volume, was taken at 100, logarithms being obtained 
and plotted as usual (columns 6 and 7). The results are also 
shown in Fig. 9. They lie fairly closely on a straight line. The 
period of half action is, however, very different from 3°86 days, 
being 2°0 days for experiment 1 and 1°4 days for experiment 3. 
The gases in experiment 2 were transferred to a tube over 
mercury, and allowed to stand for some weeks; they were finally 
analysed. Those in experiment 3 were passed back into the burette 
(C, Fig. 3), and analysed immediately. The gas in experiment 1 
was also analysed. 
. Hydrogen 
Experiment, Nitrogen. Hydrogen. added initially. 


1 0'421 c.c. tiace 0°191 c.c. 
2 0°502 0°660 0:090 
3 0°249 0°846 0°222 
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The considerable, but decreasing, discrepancy between the measured 
and the calculated amounts of hydrogen corresponds with the 
known presence of traces of moisture. It is possible that ‘in each 
case a trace of air was admitted, either as impurity in the ammonia, 
or with the emanation, with consequent formation of water and 
absorption of ammonia (giving the observed decrease). This would 


Decomposition of ammonia. 
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also affect the nitrogen values, and may account for the great 
difference between the rate of the reactions and that of the decay 
of the emanation. 

In a similar apparatus, containing some fused calcium chloride 
to absorb any ammonia that might be formed, a mixture of 
nitrogen and hydrogen was treated with emanation (0°239 E). 
The gases were prepared by sparking perfectly pure ammonia, the 


988 CAMERON AND RAMSAY: THE CHEMICAL ACTION OF 


undecomposed ammonia being removed by dilute sulphuric acid. 
The emanation was added with excess of hydrogen. The results 
are shown below. 


Time Pressure Volume 
in days. in mm. in ¢.¢. 


0 745°6 2°256 

0°005 743°8 2°250 

0°019 745°3 2°255 

0°08 751°5 2°273 

0°79 720°8 2°180 ; : 1°831 
1:06 716°3 2°167 : ; 1°794 
1°76 714°1 2°160 ‘ ‘ 1773 
2°77 707°6 2°140 s i 1°706 
3°77 701°6 2°123 ‘ , 1°640 
4°85 694°3 2°101 ‘ : 1°536 
5°77 690°1 2°087 , z 1°453 
6°76 686°6 2°077 ; ; 1°383 
7°76 683°1 2°066 , , 1°290 
9°76 677°1 2°049 ‘ % 1°089 
11°01 675°0 2°042 , . 0°969 
11°86 675°6 2°044 ; 5 1°007 
12°77 672°4 2°035 0°015 é 0°803 
13°86 670°0 2°028 0°008 3° 0°530 
14°77 671°9 2°038 0°013 : 0°741 
17°98 669°1 2°024 0°004 . 0°229 

(2°020) 0°000 ‘ 


The curves are shown in Fig. 7; the time of half change was 


3°17 days. Considering the small changes in pressure, and, in 
consequence, the larger percentage error, the approximation to an 
exponential curve is very good. 


Experiments at 130°. 


Experiment 1 (Hydrogen and Oxygen).—The electrolytic gases 
from the radium bromide solution, containing emanation corre- 
sponding with 0°263 E, were exploded, the emanation frozen at 
— 185°, and the excess of hydrogen pumped off. Very pure electro- 
lytic gas was then passed up over the frozen emanation, and, after 
the temperature had risen to air temperature, the gases and 
emanation were pumped off; carbon dioxide was removed by intro- 
ducing a trace of potash. The gases were then introduced into an 
apparatus of the type shown in Fig. 1, and forced up into a small 
measuring tube, containing a point (volume at N.T.P., 0°1197c.c.), 
and jacketed with chlorobenzene vapour. A series of readings 
were taken for nearly six hours. (The pressure has been corrected 
to 0°; the yolume to N.T.P.) 
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Time Pressure Volume Time Pressure 
in hours. in mm. in c.c. in hours. in mm. 


0°12 556°5 0°0577 551°4 
0°28 557°6 0°0878 : 549°9 
0°45 5580 0°0879 / 547°7 
0°62 556°1 0°0876 i 544°4 
0°78 558 °2 0°0879 : 542°6 
0°95 560°4 0°0883 ‘ 541°6 
1°13 558°2 0°0879 , 540°2 
1°27 558°1 0°0879 ; 538°9 
1°43 556°9 0°0877 ‘ 535°6 
1°60 554°9 0°0874 ' 535°0 
1°78 554°5 0°0873 : 533°1 
2°05 553°5 0°0872 : 532°6 
2°28 552°4 0°0870 


The curve is shown in Fig. 10. 
Experiment 2 (Steam).—A similar apparatus was used; the 
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measuring tube was much larger (capacity, 1°287 c.c.). Platinum 
wires were fused through to act as a spark gap. The gases con- 
taining emanation (0°14 E) were sparked down to small volume, 
the remaining gas forced through a phosphoric oxide tube into 
the measuring apparatus, and, finally, a spark passed there, the 
flame being visible and proving the formation of steam. The 
mixture of steam and hydrogen was jacketed as usual, and read- 
ings were taken over a period of six hours. No expansion, such as 
would result from the formation of hydrogen and oxygen, was 
observed. On the contrary, a slight contraction took place. It 
was irregular, amounting in all to 3 per cent. of the total volume 
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(0°425 to 0°414 c.c.), and may be perhaps accounted for by irregu- 
larity in the heating. The gas was allowed to stand at constant 
volume and air temperature overnight; on re-heating next day, it 
again varied in volume from 0°412 to 0°420 cc. These measure- 
ments were repeated over several days, with similar results. The 
tube glowed brilliantly in the dark, and gradually became coloured, 
proving undoubtedly that emanation was present. 

It must be concluded that the decomposition of steam by eman- 
ation is extremely small in amount, if any, and that the accuracy 
of measurement, certainly correct to 0°001 c.c., was not great enough 
to detect a change. 

Neglecting, therefore, the decomposition of steam by emanation, 
it is possible to calculate the amount of recombination of electro- 
lytic gas under the conditions of the first experiment. In 5°73 hours, 
(0°0883—0'0839) x 3 c.c.=0°0132 c.c. had become converted into 
steam. The amount of emanation used was 0°252 E. If we pre- 
sume that each particle of emanation in decomposing causes a 
certain definite volume of hydrogen and oxygen to combine, then 
0°011 E has effected the combination of 0°0132 c.c. of gas, whence 
it follows that E will cause 1°2 c.c. of gas to combine. This is of a 
less order of magnitude than the figures obtained at ordinary air 
temperatures (compare experiments 6 to 8). 


The Nature of the Chemical Change brought about by Radium 
Emanation. 


We have already shown that whenever exact measurements have 
been obtained for water, hydrogen, and oxygen, the results give 
an exponential curve of half time approximating to 3°86 days, the 
period of half decay of radium emanation. We have pointed out 
that it would appear that each particle of emanation in disintegrat- 
ing produces a definite quantitative chemical effect, since the 
amount changing at any time is proportional to the change of 
gas volume in that time. The rate of reaction of nitrogen and 
hydrogen, and of carbon monoxide, confirms these statements, 
although, in the latter, apparently several changes take place simul- 
taneously. The question remains, in what manner are these 
chemical actions brought about? Many observers have studied the 
chemical phenomena produced by electrical energy applied in 
various ways. Thus a great number of chemical actions have been 
brought about by the silent electrical discharge, described in 
numerous papers by Berthelot and others. These treat chiefly of 
the production of organic compounds. Collie (Trans., 1901, 79, 
1063) has shown that a current at low pressure decomposes carbon 
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dioxide very rapidly; under its influence oxygen and carbon 
monoxide recombine slowly. 

Numerous researches have also shown that various chemical 
actions, such as the formation of ozone, the decomposition of 
ammonia, of nitrous oxide, and of carbon monoxide, take place 
under the action of ultra-violet light. In this connexion, the work 
of Chapman, Chadwick, and Ramsbottom (Trans., 1907, 91, 942) 
may be consulted. 

Strictly comparable with such phenomena are the numerous 
chemical changes produced by radium preparations enclosed in 
glass bulbs, and allowed to act by means of the rays penetrating 
the glass envelope, that is, the 8-rays or electrons. 

These have been found to have no action on water, or on mix- 
tures of hydrogen and oxygen (Ramsay, Meddel. K. Vet. Akad. 
Nobelinst., 1905, 1, 909 ; Jorissen and Ringer, Ber., 1906, $9, 2093). 
They cause combination between hydrogen and chlorine (Jorissen 
and Ringer, 7bid.), convert yellow into red phosphorus (Berthelot, 
loc cit.), and liberate iodine from hydriodic acid (Creighton and 
Mackenzie, Amer. Chem. J., 1908, 39, 474). The changes described 
in this paper are of the same nature,. but the degree of action is far 
greater. This is explicable on the assumption that the actions are 
brought about by a-particles. Their energy, as shown by their 
ionising power, is enormously greater than that of 8-particles. The 
ionisation produced in gases by a-particles, or by cathode or X-rays, 
is supposed to be due to the gas particles obtaining an electric charge 
by collision, or by some other method. If we suppose that a mixture 
of hydrogen and oxygen is bombarded with a-particles, so that 
charged ions of both gases are produced, partial combination of 
hydrogen and oxygen is rendered certain. The effect of liberation 
of particles in water might be expected to be much greater; com- 
pare the effect of a charge of guncotton exploded in a confined and 
in an open space. The collision disrupts innumerable molecules of 
water, producing charged atoms of hydrogen and oxygen. Some 
of these recombine. The part that escapes recombination produces 
the changes in volume which are actually measured. 

The experiments carried out at 130° do not altogether support 
this view. In the first place, it is well known that radium emanation 
itself gives off a-particles only, disintegrating into successive pro- 
ducts, radium A, B, and C, of which the first and third give a-par- 
ticles, and the second and third f-particles. The half life of these 
products is less than half an hour. During the first four hours 
after which emanation has been confined in any known space, the 
a-activity increases to almost three times the initial value. The 
amount of recombination of hydrogen and oxygen should increase 
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similarly, if every a-particle produces a definite effect. But the 
curve in Fig. 10 is practically a straight line, and does not bear 
out that supposition. (The initial increase in the volume, reaching 
@ maximum at the end of the first hour, seen in this experiment, 
and in those with electrolytic gas at air temperature, p. 977, with 
carbon monoxide, p. 982, and with a mixture of nitrogen and 
hydrogen, p. 988, seems to be due to the local increase in tempera- 
ture set up by the emanation, which, even at 130°, imparts sufii- 
cient heat to the gas containing it to raise its pressure appreciably.) 

Again, the action on steam should be analogous to that on 
hydrogen chloride, in which case decomposition was observed. But 
no action was noted. The only explanation which will bring this 
observation into line with the remainder, is the supposition that at 
the temperature of the experiment the reverse action is sufficiently 
rapid to cause any hydrogen and oxygen formed immediately to 
recombine. It must be remembered that the gas contained free 
hydrogen, the presence of which would increase the chances of 
recombination. 

This paper has been wholly concerned with atomic changes. 
Whether, when the emanation produces these, some part of the 
energy is utilised in disintegrating the atoms of, say, carbon, or 
chlorine, according to the gas under observation, is a very different 
problem. For the present, we content ourselves with reiterating the 
chief conclusion reached in this paper, that whenever radium 
emanation produces chemical action, then, other conditions being 
unaltered, each particle of emanation as it disintegrates produces 
the same amount of change. 


In conclusion, we desire to thank Professor A. W. Porter for his 
kindness in assisting us with the mathematical interpretation of 
these results. 


UNIVERSITY COLLEGE, 
Lonpon. 


XCIV.—The Chemical Action of Radium Emanation. 
Part IV. On Water. 


By ALEXANDER Tuomas CAMERON and Sin WILLIAM Ramsay, K.C.B. 


In the second part of this paper (Trans., 1907, 91, 1593) an account 
was given of some experiments in which water and solutions of copper 
salts were treated with emanation, and the resulting products examined. 
It appears that, in presence of water, emanation disintegrates into 
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neon ; with copper solutions, into argon. There was some indication 
that minute traces of copper were transmuted into lithium, and 
possibly also into sodium. The experiments were carried out in bulbs 
of potash-lime and soda-lime glass. In order to minimise the possible 
errors, it was decided to repeat these experiments in silica. For this 
purpose, a bulb of very pure silica, of which the material had been 
boiled for half an hour before fashioning in order to remove alkalis 
by volatilisation, was obtained from Messrs. Johnson and Matthey. 

It is convenient to describe the apparatus in this paper ; it is being 


Fia. 1. 


used in a series of experiments, the results of which will be com- 
municated at a later date. 

The silica bulb, Z, Fig. 1, is half filled with the solution to be 
examined. It is then fixed to the apparatus by means of the ground-in 
joint, H, made air-tight with rubber grease. The apparatus is evacuated 
through F to below the stopcock, B. The emanation and electrolytic 
gas is introduced through the inverted syphon, A, as usual, into the 
burette, C, and exploded by means of the platinum electrodes at D. 
The rubber tube is clipped at K, Fis closed, and B and G opened ; the 
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larger part of the emanation and excess of hydrogen enter the bulb. 
This is then jacketed with liquid air in the vacuum-vessel, J, and the 
mercury allowed to fill C, rising just above the stopcock, B, which is 
then closed. After a few minutes, in which time all the emanation 
condenses, and the solution in J freezes, F is opened, and the excess of 
hydrogen, with any helium present (formed from the radium bromide 
solution) is pumped off. / is then closed, and the mercury allowed to 
rise just above the ground-in joint, H. The tap, G, is closed, the mercury 
seal preventing any possible leakage. 

It is usually desirable to add more emanation to ‘the solution. The 
additions are conveniently made at intervals of three or four days. 
The following method has proved most suitable. The mercury 
below @ is drawn down as far as possible into C by lowering the 
reservoir, ZH. The mercury surface is then fixed just below D by 
clipping the india-rubber tube, and the space above is completely 
cleared of any air leakage by pumping off through F. @ is then 
opened. The gas in the bulb formed by the action of the emanation 
in the solution forces the mercury seal down into C. The bulb, J, is 
again jacketed with liquid air, and the emanation condensed along 
with the frozen solution. F is opened; the gas present is pumped off 
and stored. The fresh quantity of emanation is added as previously ; 
the excess of hydrogen and the helium are again pumped off. A mercury 
seal is finally set above H/, as before, and G is closed. This treatment 
is usually repeated four or five times, the final quantity of emanation 
being allowed to decay completely. The gas produced in each interval 
is added, and the total quantity finally analysed. The method of analysis 
has been given in detail previously (Trans., 1907, 91, 1598—1599). 

In the particular experiment described in this paper, two or three c.c. 
of pure water, prepared as described elsewhere (ibid., p. 1601, foot- 
note), were used, the gas space above being somewhat greater. At 
the conclusion of the experiment, the water was transferred to a 
platinum dish and evaporated, the residue ignited, and weighed. The 
balance was accurate to one-fiftieth of a milligram. The actual weight 
found was 0°00001 gram. The residue was therefore within the error 
of weighing. The trace of residue was moistened and examined 
spectroscopically. Lithium was certainly absent, although the sodium 
line was visible. (The method can consequently be employed with 
some approach to accuracy with solutions of copper salts and those of 
other metals.) 

The gas, when analysed, gavé’the following result : 


12°638 c.c. 
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The nitrogen residue was examined for rare gases. The part not 
condensable in charcoal at liquid-air temperatures showed helium and 
neon. The helium yellow line was extremely intense, and the strongest 
neon reds had about two-thirds that intensity. This might be expected 
from the fact that the gas and water phases were approximately equal ; 
the helium was produced in the gas phase. The spectrum was photo- 
graphed twice ; exposures were given of from six to seven minutes. 
The neon spectrum faded rapidly, and was barely visible during the 
second photograph. The results are shown in the accompanying plate 
(Fig. 2). Ais the spectrum of pure helium, 2 that of the iron are, 
C that of the second photograph (gases under examination), D that 
of the first, and # that of pure neon. The reproduction only shows 
some of the strongest red lines of neon in C and D. The helium and 
neon yellow lines appear as one thick line in the reproduction, although 
on the plate they are seen to be distinct. 

The lines were read under a travelling microscope with the 
following results. The figures given under the heading of intensity 
are very roughly approximate, but show well the rapid disappearance 
of the neon spectrum. 


Of the figures which follow, those printed in italics are known 
wave-lengths ; where these only are given, they were chosen as 


points on the curve, from which the wave-lengths represented by 
figures in ordinary type were determined graphically. The figures 
following each symbol are the intensities as published : 


Wave-length ee 
‘ 1st photo. 10 1 3 ; 

Intens I es 

tensity { 504 ai Gis 10 ; 05 10 1 

MIOWIOIG ssc ssdsscesuencoos Hed Ne4 H10 Ne6 


6303 6269 
Wave-length bene 6305 6267 


meity J 1st photo... 3 1 2 
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Wiss 6098 6034 5973 
ave- NAIR ssgsccnesees 6096 6030 6975 
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Element “4 Nel0 Nel0 Ne6 


5852 5816 
Wave-length 5876 58538 5804 


-, {1st photo... 10 3 oo 
Intensity { dna ea 10 : eM 0°5 
Element Hel0 Ne20 * Hg2 
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Of the unidentified lines, one only, 5818 (if corresponding with 
5812), was observed in the previous experiment. 

The spectrum tube was calibrated previously, and rough measure- 
ments were taken of the amount of gas present. The total volume 
(helium and neon) was approximately 0°8 c. mm. (not more than 
twice this figure, and not less than half). 

In view of the slight leakage of air, stress cannot be laid on the 
presence of argon in the residual gases, although it was certainly 
present in reasonably large amount. 

In carrying out such work, it is extremely difficult to prevent 
traces of air leaking into the apparatus during the considerable length 
of time which must elapse before an experiment is completed. Since 
0°1 c.c. of atmospheric nitrogen contains sufficient argon to be detected 
spectroscopically after the nitrogen has been removed by sparking, 
the proof that the "presence of argon is due to some other cause is 
rendered extremely difficult. Similarly, it is far from easy to free 
copper solutions completely from traces of lithium and to prove con- 
vincingly that lithium did not pre-exist in such solution treated with 
emanation. The detection of neon is open to no such objection. The 
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only possible source, other than transmutation, is the aluminium of the 
electrodes. The vacuum tube had been previously run a great number 
of times at different pressures, washed out with air, and finally showed 
traces of hydrogen, and hydrogen alone. It is inconceivable that neon 
can have resulted thus by chance from two experiments with water, 
where in each case the residues were tested between those from 
numerous similar experiments with other solutions, in which no neon 
was detected. We must regard the transformation of emanation into 
neon, in presence of water, as indisputably proved, and, if a trans- 
mutation be defined as a transformation brought about at will, by 
change of conditions, then this is the first case of transmutation of which 
conclusive evidence is put forward. 


ADDENDUM, 


Since this paper was communicated, we have examined the accumu- 
lated residues of the gases pumped away from solutions of radium 
bromide, after removing hydrogen and oxygen by sparking, and the 
emanation in the usual manner. The heavier fraction was removed 
with charcoal cooled to liquid-air temperature. The lighter fraction 
consisted largely of helium. Neon was undoubtedly present ; the 
spectrum was photographed, and many lines were conclusively identi 
fied. This might be expected, in view of the liquid phase provided by 
radium bromide solution itself. 

The detailed results will appear later. 


UNIVERSITY COLLEGE, 
LONDON, 


XCV.—WMolecular Volumes of the Nitrites of Silver, 
Mercury, and the Alkali Metals. 


By PRAFULLA CHANDRA Riy. 


Tue nitrites of silver, mercury, and the alkali metals have engrossed 
my attention during the last twelve years, and their properties have 
been investigated from various points of view. Of late, I have been 
trying to gain an insight into their constitution, and it occurred to 
me that some additional light might be thrown on it by a comparative 
examination of their molecular volumes. 

The investigation was carried on during the last two years, and, as 
the temperature of the laboratory varied from 21° to 31°, the deter- 
mination of the speeific gravities in benzene was found to be very 
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It would appear, therefore, that with carbon dioxide, also, both 
possible reactions take place; the non-increase of volume in the 
first two experiments, and the increase in the last, point to some 
factor, as yet unknown, which determines the nature of the change, 


Experiment with Hydrogen Chloride. 


The hydrogen chloride was prepared from sodium chloride and 
sulphuric acid, and may have contained a trace of impurity. It : 
was introduced into the measuring tube A, Fig. 2, in the usual 
manner, and emanation (0°069 E) and hydrogen introduced. The 
method of reading has been indicated previously (p. 968). The 
measurements follow. The volume of the measuring tube was about 
6°6 c.c. 


Time Volume as 
in days. in ¢.c. . : log Q. 
0 2°464 ‘ 2°000 
0017 2°454 ; f 1-992 
0°73 2°204 ; ‘ 1°728 
1°93 2°086 , i 1513 
2°73 2°079 F ‘ 1°496 
3°75 2°060 ; : 1°447 
5°80 2°038 : ; 1°381 
9°77 1°985 : i 1°165 
13°78 1°949 , ‘ 1°914 
18°76 1°930 4 : 1°682 
23°86 1-926 0°023 ; 1°649 
25°76 1903 0°000 ; 


The curves are shown in Fig. 8. The time of half change is 5°9 
days. 

In considering these curves, it must be remembered that the 
errors of observation are much larger than usual, both volume and 
pressure readings being taken, and that the pressure readings varied 
only between the limits 511°4 and 594°3. The presence of mer- 
curous chloride was observed after the first day, and a considerable 
amount was deposited during the experiment on the whole sur- 
face of the tube. The gas was analysed, and found to contain 
0°322 c.c. of hydrogen. This does not agree very closely with the 
calculated value. The actual final volume was 1-993, the differ- 
ence, 0°090, was due to bubbles from the tap, added in the course 
of the experiment, and probably consisting of carbon dioxide. 


Experiments with Ammonia and with Nitrogen and Hydrogen. 


The first experiment was performed in a simple measurement 
tube (type C, Fig. 2). Ammonia, prepared from slaked lime and 


RADIUM EMANATION. PART III. 985 


ammonium chloride, was introduced as usual. Hydrogen and 
emanation (0°060 E) were added. Tle initial decrease in volume 
recorded below demanded attention. The remaining experiments 
were performed, therefore, in a specially devised apparatus, shown 
in Fig 3. The method of using this has been described (p. 969). 
In the second experiment, the presence of a trace of moisture along 
with the gases was observed.’ This was thought to account for the 


100 i 


Volume, per cent. 


10 
Time in days. 
Fie. 8. 


initial decrease found in that case. In the third experiment, 
especial precautions were taken to dry the apparatus and purify 
the gas. The initial decrease in volume was almost eliminated. 
In order to compare the results, the initial volume has been taken 
as zero; in all cases the corresponding numbers are shown in the 
fourth column. In the second and third experiments, the respective 
quantities of emanation employed, in each case added with hydro- 
gen, were 0°24 E and 0°23 E. 
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Experiment 1.— 
Arbitrary 
Time. Pressure. Volume. scale. 
0 551°4 0°628 0 
0°17 546°1 0°622 — 0°006 
0°73 485°6 0°553 —0°075 
1°93 461°8 0°526 — 0°102 
2°73 469°7 0°535 — 0'093 
8°75 481°2 0°548 —0°080 
5°80 491°7 0‘560 — 0°068 
9°77 496°0 0°565 — 0°063 
13°78 499°6 0°569 —0°059 
18°76 §02°2 0°572 —0°056 
23°86 502°0 — 0°056 


Experiment 2.— 


0 425°7 
0°81 396°5 
1°74 431°7 
2°75 510°0 


Experiment 3.— 


0 807°1 
0-18 805°3 ‘ - 0-004 0-429 2000 
0°90 828°3 "99 +0°051 0°374 : 1°940 
1-90 864°7 ’ 0-139 0-286 1°824 
2°18 883°0 : 0°183 0°242 ; 1°751 
2°92 911-0 0°250 0175 ‘ 1°610 
4°90 942°4 fe 0°326 0°099 ; 1°363 
6-91 964°4 2: 0°379 0-046 1-030 
10°05 974°2 ’ 0°403 0°022 ; 0°710 
11°90 979°0 ' 0-415 0-010 0-367 
© ‘ (0°425) 0°000 ' _- 
The curves obtained by plotting the figures in column 4 against 
time are shown in Fig. 9. In order to see whether those in experi- 
ments 1 and 3 are exponential (in experiment 3, the final value was 
found by extrapolation), the first value in column 5, showing in- 
crease in volume, was taken at 100, logarithms being obtained 
and plotted as usual (columns 6 and 7). The results are also 
shown in Fig. 9. They lie fairly closely on a straight line. The 
period of half action is, however, very different from 3°86 days, 
being 2°0 days for experiment 1 and 1°4 days for experiment 3. 
The gases in experiment 2 were transferred to a tube over 
mercury, and allowed to stand for some weeks; they were finally 
analysed. Those in experiment 3 were passed back into the burette 
(C, Fig. 3), and analysed immediately. The gas in experiment 1 
was also analysed. 
. Hydrogen 
Experiment, Nitrogen. Hydrogen. added initially. 
1 0°421 c.c. trace 0°191 c.c. 


2 0°502 0°660 0°090 
3 0°249 0°846 0°222 


Volwme (c.c.). 
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The considerable, but decreasing, discrepancy between the measured 
and the calculated amounts of hydrogen corresponds with the 
known presence of traces of moisture. It is possible that in each 
case a trace of air was admitted, either as impurity in the ammonia, 
or with the emanation, with consequent formation of water and 
absorption of ammonia (giving the observed decrease). This would 


Decomposition of ammonia. 


: 

~ 
. 
° 
S 

~ 
2 
= 
s 
S 
= 
~ 
© 
~ 


Time in days. 
Fie, 9% 


also affect the nitrogen values, and may account for the great 
difference between the rate of the reactions and that of the decay 
of the emanation. 

In a similar apparatus, containing some fused calcium chloride 
to absorb any ammonia that might be formed, a mixture of 
nitrogen and hydrogen was treated with emanation (0°239 E). 
The gases were prepared by sparking perfectly pure ammonia, the 
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undecomposed ammonia being removed by dilute sulphuric acid, 
The emanation was added with excess of hydrogen. The results 
are shown below. 


Time Pressure Volume Q=100 Vi- Ven 
in days. in mm. in ¢.e. Fem Faye * Foes. 
745°6 2°256 0°236 100 
743°8 2°250 0°230 97°4 
745°3 2°255 0°235 99°6 
751°5 2°273 0°253 108°0 
720°8 2°180 0°160 67°8 1°831 
716°3 2°167 0°147 62°3 1°794 
714°1 2°160 0°140 ; 1778 
707°6 2°140 0°120 : 1'706 
701°6 2°123 0°103 “6 1°640 
694°3 2°101 0°081 : 1°536 
690°1 2°087 0°067 i 1°453 
686°6 2°077 0°057 5 1°383 
683°1 2°066 0°046 i 1°290 
677°1 2°049 0°029 Z 1089 
675°0 2°042 0°022 : 0°969 
675°6 2°044 0°024 ; 1°007 
672°4 2°035 0°015 A 0°803 
670°0 2°028 0°008 3° 0°530 
671°9 2°033 0°013 ‘ 0°741 
669°1 2°024 0°004 . 0°229 

(2°020) 0°000 , 


DKK OOOOCO 


The curves are shown in Fig. 7; the time of half change was 
3°17 days. Considering the small changes in pressure, and, in 
consequence, the larger percentage error, the approximation to an 
exponential curve is very good. 


Experiments at 130°. 


Experiment 1 (Hydrogen and Oxygen).—The electrolytic gases 
from the radium bromide solution, containing emanation corre- 
sponding with 0°263 E, were exploded, the emanation frozen at 
— 185°, and the excess of hydrogen pumped off. Very pure electro- 
lytic gas was then passed up over the frozen emanation, and, after 
the temperature had risen to air temperature, the gases and 
emanation were pumped off; carbon dioxide was removed by intro- 
ducing a trace of potash. The gases were then introduced into an 
apparatus of the type shown in Fig. 1, and forced up into a small 
measuring tube, containing a point (volume at N.T.P., 0°1197c.c.), 
and jacketed with chlorobenzene vapour. A series of readings 
were taken for nearly six hours. (The pressure has been corrected 
to 0°; the yolume to N.T.P.) 
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Time Pressure Volume Time Pressure 
in hours. in mm. in c.c. in hours. in mm. 
0°12 556°5 0°0877 2°52 551°4 
0°28 557°6 0°0878 2°77 549°9 
0°45 558°0 0°0879 3°08 547°7 
0°62 556°1 0°0876 8°52 544°4 
0°78 558°2 0°03879 3°83 542°6 
0°95 560°4 0°0883 4°08 541°6 
1°13 558°2 0°0879 4°35 540°2 
1°27 558°1 0°0879 4°65 538°9 
1°43 556°9 0°0877 4°92 535°6 
1°60 554°9 0°0874 5°25 535°0 
1°78 554°5 0°0873 5°58 533°1 
2°05 553°5 0°0872 5°73 532°6 
2°28 552°4 0:0870 


The curve is shown in Fig. 10. 
Experiment 2 (Steam).—A similar apparatus was used; the 
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measuring tube was much larger (capacity, 1°287 c.c.). Platinum 
wires were fused through to act as a spark gap. The gases con- 
taining emanation (0°14 E) were sparked down to small volume, 
the remaining gas forced through a phosphoric oxide tube into 
the measuring apparatus, and, finally, a spark passed there, the 
flame being visible and proving the formation of steam. The 
mixture of steam and hydrogen was jacketed as usual, and read- 
ings were taken over a period of six hours. No expansion, such as 
would result from the formation of hydrogen and oxygen, was 
observed. On the contrary, a slight contraction took place. It 
was irregular, amounting in all to 3 per cent. of the total volume 
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(0°425 to 0°414 c.c.), and may be perhaps accounted for by irregu. 
larity in the heating. The gas was allowed to stand at constant 
volume and air temperature overnight ; on re-heating next day, it 
again varied in volume from 0°412 to 0°420 c.c. These measure. 
ments were repeated over several days, with similar results. The 
tube glowed brilliantly in the dark, and gradually became coloured, 
proving undoubtedly that emanation was present. 

It must be concluded that the decomposition of steam by eman- 
ation is extremely small in amount, if any, and that the accuracy 
of measurement, certainly correct to 0°001 c.c., was not great enough 
to detect a change. 

Neglecting, therefore, the decomposition of steam by emanation, 
it is possible to calculate the amount of recombination of electro- 
lytic gas under the conditions of the first experiment. In 5°73 hours, 
(0°0883—0°0839) x 3 c.c.=0°0132 c.c. had become converted into 
steam. The amount of emanation used was 0°252 E. If we pre- 
sume that each particle of emanation in decomposing causes a 
certain definite volume of hydrogen and oxygen to combine, then 
0°011 E has effected the combination of 0°0132 c.c. of gas, whence 
it follows that E will cause 1°2 c.c. of gas to combine. This is of a 
less order of magnitude than the figures obtained at ordinary air 
temperatures (compare experiments 6 to 8). 


The Nature of the Chemical Change brought about by Radium 
Emanation. 


We have already shown that whenever exact measurements have 
been obtained for water, hydrogen, and oxygen, the results give 
an exponential curve of half time approximating to 3°86 days, the 
period of half decay of radium emanation. We have pointed out 
that it would appear that each particle of emanation in disintegrat- 
ing produces a definite quantitative chemical effect, since the 
amount changing at any time is proportional to the change of 
gas volume in that time. The rate of reaction of nitrogen and 
hydrogen, and of carbon monoxide, confirms these statements, 
although, in the latter, apparently several changes take place simul- 
taneously. The question remains, in what manner are these 
chemical actions brought about? Many observers have studied the 
chemical phenomena produced by electrical energy applied in 
various ways. Thus a great number of chemical actions have been 
brought about by the silent electrical discharge, described in 
numerous papers by Berthelot and others. These treat chiefly of 
the production of organic compounds. Collie (Trans., 1901, 79, 
1063) has shown that a current at low pressure decomposes carbon 
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dioxide very rapidly; under its influence oxygen and carbon 
monoxide recombine slowly. 

Numerous researches have also shown that various chemical 
actions, such as the formation of ozone, the decomposition of 
ammonia, of nitrous oxide, and of carbon monoxide, take place 
under the action of ultra-violet light. In this connexion, the work 
of Chapman, Chadwick, and Ramsbottom (Trans., 1907, 91, 942) 
may be consulted. 

Strictly comparable with such phenomena are the numerous 
chemical changes produced by radium preparations enclosed in 
glass bulbs, and allowed to act by means of the rays penetrating 
the glass envelope, that is, the B-rays or electrons. 

These have been found to have no action on water, or on mix- 
tures of hydrogen and oxygen (Ramsay, Meddel. K. Vet. Akad. 
Nobelinst., 1905, 1, 909; Jorissen and Ringer, Ber., 1906, 39, 2093). 
They cause combination between hydrogen and chlorine (Jorissen 
and Ringer, ibid.), convert yellow into red phosphorus (Berthelot, 
loc cit.), and liberate iodine from hydriodic acid (Creighton and 
Mackenzie, Amer. Chem. J., 1908, 39, 474). The changes described 
in this paper are of the same nature,. but the degree of action is far 
greater. This is explicable on the assumption that the actions are 
brought about by a-particles. Their energy, as shown by their 
ionising power, is enormously greater than that of f-particles. The 
ionisation produced in gases by a-particles, or by cathode or X-rays, 
is supposed to be due to the gas particles obtaining an electric charge 
by collision, or by some other method. If we suppose that a mixture 
of hydrogen and oxygen is bombarded with a-particles, so that 
charged ions of both gases are produced, partial combination of 
hydrogen and oxygen is rendered certain. The effect of liberation 
of particles in water might be expected to be much greater; com- 
pare the effect of a charge of guncotton exploded in a confined and 
in an open space. The collision disrupts innumerable molecules of 
water, producing charged atoms of hydrogen and oxygen. Some 
of these recombine. The part that escapes recombination produces 
the changes in volume which are actually measured. 

The experiments carried out at 130° do not altogether support 
this view. In the first place, it is well known that radium emanation 
itself gives off a-particles only, disintegrating into successive pro- 
ducts, radium A, B, and C, of which the first and third give a-par- 
ticles, and the second and third f-particles. The half life of these 
products is less than half an hour. During the first four hours 
after which emanation has been confined in any known space, the 
a-activity increases to almost three times the initial value. The 
amount of recombination of hydrogen and oxygen should increase 
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similarly, if every a-particle produces a definite effect. But the 
curve in Fig. 10 is practically a straight line, and does not bear 
out that supposition. (The initial increase in the volume, reaching 
@ maximum at the end of the first hour, seen in this experiment, 
and in those with electrolytic gas at air temperature, p. 977, with 
carbon monoxide, p. 982, and with a mixture of nitrogen and 
hydrogen, p. 988, seems to be due to the local increase in tempera- 
ture set up by the emanation, which, even at 130°, imparts suff- 
cient heat to the gas containing it to raise its pressure appreciably.) 

Again, the action on steam should be analogous to that on 
hydrogen chloride, in which case decomposition was observed. But 
no action was noted. The only explanation which will bring this 
observation into line with the remainder, is the supposition that at 
the temperature of the experiment the reverse action is sufficiently 
rapid to cause any hydrogen and oxygen formed immediately to 
recombine. It must be remembered that the gas contained free 
hydrogen, the presence of which would increase the chances of 
recombination. 

This paper has been wholly concerned with atomic changes. 
Whether, when the emanation produces these, some part of the 
energy is utilised in disintegrating the atoms of, say, carbon, or 
chlorine, according to the gas under observation, is a very different 
problem. For the present, we content ourselves with reiterating the 
chief conclusion reached in this paper, that whenever radium 
emanation produces chemical action, then, other conditions being 
unaltered, each particle of emanation as it disintegrates produces 
the same amount of change. 


In conclusion, we desire to thank Professor A. W. Porter for his 
kindness in assisting us with the mathematical interpretation of 
these results. 


UNIVERSITY COLLEGE, 
Lonpon. 


XCIV.—The Chemical Action of Radium Emanation. 
Part IV. On Water. 


By ALEXANDER THoMas CAMERON and Sir WiLLIAM Ramsay, K.C.B. 


In the second part of this paper (Trans., 1907, 91, 1593) an account 
was given of some experiments in which water and solutions of copper 
salts were treated with emanation, and the resulting products examined. 
It appears that, in presence of water, emanation disintegrates into 
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neon; with copper solutions, into argon. There was some indication 
that minute traces of copper were transmuted into lithium, and 
possibly also into sodium. The experiments were carried out in bulbs 
of potash-lime and soda-lime glass. In order to minimise the possible 
errors, it was decided to repeat these experiments in silica. For this 
purpose, a bulb of very pure silica, of which the material had been 
boiled for half an hour before fashioning in order to remove alkalis 
by volatilisation, was obtained from Messrs. Johnson and Matthey. 

It is convenient to describe the apparatus in this paper ; it is being 


used in a series of experiments, the results of which will be com- 
municated at a later date. 

The silica bulb, J, Fig. 1, is half filled with the solution to be 
examined. It is then fixed to the apparatus by means of the ground-in 
joint, H, made air-tight with rubber grease. The apparatus is evacuated 
through F to below the stopcock, B. The emanation and electrolytic 
gas is introduced through the inverted syphon, A, as usual, into the 
burette, C, and exploded by means of the platinum electrodes at D. 
The rubber tube is clipped at X, Fis closed, and B and G opened ; the 
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larger part of the emanation and excess of hydrogen enter the bulb, 
This is then jacketed with liquid air in the vacuum-vessel, J, and the 
mercury allowed to fill C, rising just above the stopcock, B, which is 
then closed. After a few minutes, in which time all the emanation 
condenses, and the solution in J freezes, F is opened, and the excess of 
hydrogen, with any helium present (formed from the radium bromide 
solution) is pumped off. / is then closed, and the mercury allowed to 
rise just above the ground-in joint, H. The tap, G, is closed, the mercury 
seal preventing any possible leakage. 

It is usually desirable to add more emanation to the solution. The 
additions are conveniently made at intervals of three or four days, 
The following method has proved most suitable. The mercury 
below G is drawn down as far as possible into C by lowering the 
reservoir, H. The mercury surface is then fixed just below D by 
clipping the india-rubber tube, and the space above is completely 
cleared of any air leakage by pumping off through F. @ is then 
opened. The gas in the bulb formed by the action of the emanation 
in the solution forces the mercury seal down into C. The bulb, J, is 
again jacketed with liquid air, and the emanation condensed along 
with the frozen solution. /F is opened; the gas present is pumped off 
and stored. The fresh quantity of emanation is added as previously ; 
the excess of hydrogen and the helium are again pumped off. A mercury 
seal is finally set above H/, as before, and G is closed. This treatment 
is usually repeated four or five times, the final quantity of emanation 
being allowed to decay completely. The gas produced in each interval 
is added, and the total quantity finally analysed. The method of analysis 
has been given in detail previously (Trans., 1907, 91, 1598—1599). 

In the particular experiment described in this paper, two or three c.c. 
of pure water, prepared as described elsewhere (ibid., p. 1601, foot- 
note), were used, the gas space above being somewhat greater. At 
the conclusion of the experiment, the water was transferred to a 
platinum dish and evaporated, the residue ignited, and weighed. The 
balance was accurate to one-fiftieth of a milligram. The actual weight 
found was 0°00001 gram. The residue was therefore within the error 
of weighing. The trace of residue was moistened and examined 
spectroscopically. Lithium was certainly absent, although the sodium 
line was visible. (The method can consequently be employed with 
some approach to accuracy with solutions of copper salts and those of 
other metals.) 

The gas, when analysed, gavée’the following result : 

8°837 c.c. 


12°638 c.c. 
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The nitrogen residue was examined for rare gases. The part not 
condensable in charcoal at liquid-air temperatures showed helium and 
neon. The helium yellow line was extremely intense, and the strongest 
neon reds had about two-thirds that intensity. This might be expected 
from the fact that the gas and water phases were approximately equal ; 
the helium was produced in the gas phase. The spectrum was photo- 
graphed twice ; exposures were given of from six to seven minutes. 
The neon spectrum faded rapidly, and was barely visible during the 
second photograph. The results are shown in the accompanying plate 
(Fig. 2). Ais the spectrum of pure helium, 2 that of the iron are, 
(that of the second photograph (gases under examination), D that 
of the first, and # that of pure neon. The reproduction only shows 
some of the strongest red lines of neon in C and PD. The helium and 
neon yellow lines appear as one thick line in the reproduction, although 
on the plate they are seen to be distinct. 

The lines were read under a travelling microscope with the 
following results. The figures given under the heading of intensity 
are very roughly approximate, but show well the rapid disappearance 
of the neon spectrum. 


Of the figures which follow, those printed in italics are known 
wave-lengths ; where these only are given, they were chosen as 
points on the curve, from which the wave-lengths represented by 
figures in ordinary type were determined graphically. The figures 
following each symbol are the intensities as published : 

Wave-length 706s ~=—e67e «6850 880 gseg GIN 
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Of the unidentified lines, one only, 5818 (if corresponding with 
5812), was observed in the previous experiment. 

The spectrum tube was calibrated previously, and rough measure- 
ments were taken of the amount of gas present. The total volume 
(helium and neon) was approximately 0°8 c. mm. (not more than 
twice this figure, and not less than half). 

In view of the slight leakage of air, stress cannot be laid on the 
presence of argon in the residual gases, although it was certainly 
present in reasonably large amount. 

In carrying out such work, it is extremely difficult to prevent 
traces of air leaking into the apparatus during the considerable length 
of time which must elapse before an experiment is completed. Since 
0°1 c.c. of atmospheric nitrogen contains sufficient argon to be detected 
spectroscopically after the nitrogen has been removed by sparking, 
the proof that the ‘presence of argon is due to some other cause is 
rendered extremely difficult. Similarly, it is far from easy to free 
copper solutions completely from traces of lithium and to prove cot- 
vincingly that lithium did not pre-exist in such solution treated with 
emanation. The detection of neon is open to no such objection. The 
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only possible source, other than transmutation, is the aluminium of the 
electrodes. The vacuum tube had been previously run a great number 
of times at different pressures, washed out with air, and finally showed 
traces of hydrogen, and hydrogen alone. It is inconceivable that neon 
can have resulted thus by chance from two experiments with water, 
where in each case the residues were tested between those from 
numerous similar experiments with other solutions, in which no neon 
was detected. We must regard the transformation of emanation into 
neon, in presence of water, as indisputably proved, and, if a trans- 
mutation be defined as a transformation brought about at will, by 
change of conditions, then this is the first case of transmutation of which 
conclusive evidence is put forward. 


ADDENDUM, 


Since this paper was communicated, we have examined the accumu- 
lated residues of the gases pumped away from solutions of radium 
bromide, after removing hydrogen and oxygen by sparking, and the 
emanation in the usual manner. The heavier fraction was removed 
with charcoal cooled to liquid-air temperature. The lighter fraction 
consisted largely of helium. Neon was undoubtedly present ; the 
spectrum was photographed, and many lines were conclusively identi 
fied. This might be expected, in view of the liquid phase provided by 
radium bromide solution itself. 

The detailed results will appear later. 


UNIVERSITY COLLEGE, 
Lonpon, 


XCV.—Molecular Volumes of the Nitrites of Silver, 
Mercury, and the Alkali Metals. 


By PraFuLLtA CHANDRA Riy. 


Tue nitrites of silver, mercury, and the alkali metals have engrossed 
my attention during the last twelve years, and their properties have 
been investigated from various points of view. Of late, I have been 
trying to gain an insight into their constitution, and it occurred to 
me that some additional light might be thrown on it by a comparative 
examination of their molecular volumes. 

The investigation was carried on during the last two years, and, as 
the temperature of the laboratory varied from 21° to 31°, the deter- 
mination of the specific gravities in benzene was found to be very 

3U 2 
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troublesome, owing to its highly volatile character. Clear, transparent 
paraffin oil which had been carefully dehydrated answered the purpose 
much better. Owing to the viscosity of the oil there were, no doubt, 
some drawbacks to contend with, but they were surmounted by pro- 
ceeding in the following manner. The finely-powdered salt being only 
partly covered with the oil, the bottle was given a gentle rotatory 
motion. The air bubbles in the interstices of the powder were thus 
driven out, although they remained suspended in the liquid. The 
bottle was then allowed to stand overnight in a desiccator. The next 
day the liquid became perfectly clear. The remaining portion of the 
bottle was then filled up as usual. In order to put to a crucial test 
the reliability of the method, pure samples of sodium and potassium 
chlorides, as also of potassium nitrate, were prepared and their specific 
gravities taken. 

The specific gravity of sodium chloride at 27°6° was found to be 
2°166 ; a sample of pure rock-salt, according to Sir W. H. Perkin, had 
the density 2°1675 at 6° (Trans., 1894, 65, 20); the density at 155° 
is given as 2°155 by Clarke (Constants of Nature, lst Supplement to 
Pt. 1, p. 9). The determination of the density of potassium chloride 
gave 1996 at 21°9°; the mean of several observations by Quincke, 
Playfair and Joule, Filhol, Schiff and Schroder, and Kopp varies from 
1:990 to 1:°945. The specific gravity of sylvine is 1°990. Determina- 
tion of the specific gravity of potassium nitrate gave 2°1064 at 26°4°; 
other observations on record are 2°096 to 2°108 at 4° (Playfair and 
Joule), and 2109 (Retgers). It will beseen that as solids are far less 
expansible by heat than liquids, the divergence, due to the densities 
being taken at wide intervals of temperature, is almost negligible. 

For test cases, the above three salts were purposely chosen, as they 
not only admit of a high degree of purification, but could be fused 
without decomposition. Salts which cannot be heated to fusion without 
risk of decomposition, for example, pentahydrated copper sulphate and 
anhydrous magnesium and copper sulphates, are liable to yield more or 
less discordant results (compare Thorpe and Watts, Trans., 1880, 37, 
103, 105, 106). It is necessary to remember that almost all the 
nitrites belong to this category. 

Lithium Nitrite.—This salt was prepared by the interaction of silver 
nitrite and lithium chloride in presence of a small amount of water. 
The resulting hydrated crystals were left for a long time in a vacuum 
desiccator, when the anhydrous salt was obtained : 

0°201 gave 0°2055 Li,SO,. Li=13-03. 

LiNO, requires Li= 13°22 per cent. 

The specific gravity of several samples of distinct preparations was 
taken, and gave 1°706 at 31° and 1°636 at 27°. Mean=1°671. 
Closer approximation could not be obtained. 


SILVER, MERCURY, AND THE ALKALI METALS. 999 


Sodium Nitrite. (For method of preparation see Trans., 1905, 87, 
178.)—The specific gravity of a sample in benzene at 27° was 2°163 ; 
of another sample in the paraffin oil was 2°156 at 31°4°. A sample of 
Merck’s, which was recrystallised twice (Found : Na=33°38; NaNO, 
requires Na= 33°34 per cent.), gave 2°1508 at 20°4°, the mean of 
the several values being 2°157. 

Potassium Nitrite. (For mode of preparation, compare Joc. cit., 178 ; 
Found: K = 45-93 ; KNO, requires K = 45°94 per cent.)—As the sub- 
stance is deliquescent, it has to be handled with care. The determina- 
tion of the specific gravity of one preparation gave 1°917 at 21°; that 
of a second preparation gave 1°919 at 23°79. A sample of Merck’s, 
purified by recrystallisation (K= 45-71), gave 1°909 at 23°. Mean 
sp. gr. = 1°915. 

Silver Nitrite.—Some two dozen preparations were undertaken, the 
particular object in view being to see if there is any appreciable differ- 
ence in the density of the nitrites as prepared simply by double 
decomposition between sodium nitrite and silver nitrate and the same 
when subjected to crystallisation (compare Riy and Gaiiguli, Proc., 
1905, 21, 280). It should be noted that, unless previously well dried, 
the nitrite cannot be heated in a steam-oven at 95—100° without 
slight decomposition ; even a boiling solution of it evolves traces of 
nitric oxide, the decomposition proceeding according to the equation: 


2AgNO, = AgNO, + Ag + NO.* 


Indeed, if pure silver nitrite be subjected to recrystallisation, the 
mother liquor, on evaluation, is found to yield a slightly higher value 
for the total nitrogen as compared with the nitritic nitrogen, The 
salts were drained free from the mother liquor and washed with cold 
water on the filter pump, and afterwards dried in a vacuum over sulphuric 
acid; they were finally powdered, sifted, and dried again. The deter- 
mination of the specific gravity of the salt from double decomposition 
gave 4451, 4°478, 4543, 4529 at 23—-24°8°, whilst the specific gravity 
of the different samples from recrystallisation was 4°472, 4°462, 4°424 
at 23—31°. It will thus be observed that no marked difference can 
be detected between the two sets of results. The mean of the last 
three values is 4°453. 

Mercurous Nitrite.—As this salt can only be dried on a porous 
plate, it is invariably contaminated with traces of the adhering mother 
liquor. Three distinct preparations gave the specific gravity as 5°94, 
5°876, and 5:96 respectively at 21—29°. The mean value is 5°925. 

The molecular volumes of the nitrites are tabulated below for con- 
venience of comparison : 


* Hans Pick, ‘‘ Beitriige z. charakteristik d. Nitrit-ions,” Znaug. Diss., Breslau, 
1906, p. 27. 
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Mol. wt. Sp. gr. Mol. vol. 

106°02 1°671 63°44 

2°157 63°98 

1°915 88°88 

4°453 69°16 

5°925 83°04 
It will be observed that the specific gravity of the nitrites increases 
with the increase in molecular weight, the exception being in the case 
of the sodium compound. It is, however, well known that the salts of 
sodium are specifically heavier than the corresponding salts of potass- 
ium. It will further be seen that lithium and sodium nitrites have 
practically the same molecular volume. Potassium nitrite has the 
largest molecular volume in the series, but it is smaller than the 
atomic volume of the metal itself (2K =90°8). As shown by Kopp 
long ago, the specific volumes of the salts of the alkalis and alkaline 
earths are often smaller than the atomic volumes of the component 
metals (Thorpe, Kopp Memorial Lectwre, Trans., 1893, 63, 800). Among 
the alkali metals, potassium is the most energetic and has the largest 
atomic volume,f and this property, as pointed out by Mendeléeff, is 
connected with the porosity (sponge-like structure) of the element. 
The group *O-N:O, the radicle of the nitrite, penetrates into the 
interstitial space without causing any increase in bulk. The position 
of silver and mercury is somewhat anomalous (compare Trans., 1907, 
91, 2036). The comparatively small atomic volume* of these metals 
is on a par with their inertness and feeble reactivity. The elements 
which constitute the radicle of the nitrite cannot insinuate themselves 
into the pores of the actual matter of the substance without at the 
same time contributing an appreciable accession to the bulk of the 

molecule. Further discussion on these points is reserved until later. 


CHEMICAL LABORATORY, 
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XCVI.—The Mutual Solubility of 2-Methylpiperidine and 
Water. 


By Orro Fiascuner and Basi, MacEwen. 


Ir is impossible to draw many general conclusions as regards the 
influence of constitution on the mutual solubility of liquids, because 
only a very few members of any one homologous series are suitable for 

* The molecular weights have been doubled throughout because of facility of com 
parison with mercurous nitrite, which, there is reason to believe, has the formula 


Hg,(NO,)., and also with the nitrites of the alkaline earths. 
+ Cesium and rubidium are, of course, left out of consideration for the present. 
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the determination of the complete solubility curve or even of one of 
the two critical solution-temperatures. An upper critical tempera- 
ture with water has been observed in the following homologous 


series : 
In the series of alcohols (Alexéeff, Wied. Annalen, 1886, 28, 305) : 


isoButy] alcohol 
sec.-Butyl alcohol 

In the series of aliphatic acids (Rotbmund, Zeitsch. physikal. Chem., 
1898, 26, 460) : 
n-Butyric acid 
isoButyric acid 

The corresponding lower critical solution-temperatures, on account 
of the appearance of a solid phase, cannot be obtained. 

On the other hand, in the following series, the lower critical solution- 
temperature can be determined, whilst the upper one lies too high for 
observation : 

In the series of aliphatic amines : 


Diethylamine (Guthrie, Phil. Mag., 1884, [v], 18, 499) about 121° 
Triethylamine (Rothmund, Joc, cit.)......... e008 ceseeeeeees apiadimded sagtene 18°7° 
In the pyridine series : 


2:6-Lutidine (Timmermans, Zeitsch. physikal. Chem., 1907, 58, rare 40° 
2:4:6-Trimethylpyridine (Rothmund, loc. cit.) . enapmiinetbigoacbns 6°42° 


In the piperidine series (Flaschner, Zeitsch. physikal. Chem , 1908, 
62, 493): 


1-Methylpiperidine 
1-Ethylpiperidine 

If, as suggested by Rothmund, the solubility of two not com- 
pletely miscible liquids is represented by a closed curve, all the-e 
solubility rings of one liquid, for example, water when used in con- 
junction with the members of homologous series, seem to have the 
same “centre.” The higher the member in the homologous series 
the less is the mutual solubility, and therefore the wider the 
theoretical ring, that is, the lower critical solution-temperature 
occurs at a lower point in the thermometric scale, and the 
upper critical temperature at a higher point (Timmermans, Zeiisch. 
physikal. Chem., 1907, 58, 145). From the examples given, it is 
evident that the increase of mutual solubility is due to the oxygen 
and nitrogen atoms, whilst, on the other hand, carbon and hydrogen 
atoms cause a decrease. The larger the carbon-hydrogen group 
attached to the oxygen or nitrogen, or the nearer such a group to 
these atoms, the smaller is the mutual solubility. A decrease in the 
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number of carbon or hydrogen atoms produces an increase in the 
mutual solubility. a-Picoline is miscible with water in all proportions, 
whilst 2-methylpiperidine, which has six atoms of hydrogen more, is not 
miscible with water within certain limits of temperature. Consider. 
ing that l-ethylpiperidine is completely analogous to triethylamine 
and contains only one carbon atom more, one would expect a 
depression of the lower critical solution-temperature, and this is found 
to be the case, for the lower critical solution-temperature of the cyclic 
compound is lower by 11° than that of triethylamine. Therefore the 
ring formation itself can have little or no influence on the solubility. 

Further, it appeared to be of interest to determine the influence of 
the position which an organic group in a cyclic compound occupies, 
As one of us has found that the piperidines form a class of substances 
which give with water an easily obtainable lower critical solution- 
temperature, and from the values of the dielectic constants (Ladenburg, 
Zeitsch. Elektrochem., 1901, 7, 816) other examples are to be 
expected, we have made determinations with 2-methylpiperidine. 
This substance was prepared according to lLadenburg’s method 
(Annalen, 1888, 247, 5). The fraction of commercial picolines boiling 
from 128° to 134° was purified by recrystallising the mercury salt, 
and the a-picoline was reduced with sodium and absolute alcohol. 
The 2-methylpiperidine obtained in this way was fractionated several 
times, and the single fractions were tested for purity by Crismer’s 
method, by determining the lower critical solution-temperature. 
Finally, the fraction boiling at 117°5—118:5° was regarded as the 
purest, and was used for the following experiments. 

The determination of the solubility curve was made by Alexéeff’s 
well-known synthetic method. To determine the lower half of the 
curve, definite quantities of the base and water were introduced by 
means of a capillary pipette into a narrow tube, which was blown out 
at one end into a small bulb and at the other end drawn out into a 
capillary ; the mixture was weighed. The capillary was sealed and 
the temperature was determined, at which separation into two layers 
took place; the capillary was then broken off, and, after a further 
quantity of the liquids had been added, it was used for another 
experiment. The determination of the upper half of the curve was 
carried out in small tubes of Jena glass (5 mm. external, 3 mm. 
internal diameter), drawn out into thick capillaries at one end. 
These liquid mixtures were only used for one determination, although 
even at 230° the glass was only slightly attacked by the base. In 
the following table, the amount of 2-methylpiperidine is given in 
percentage by weight of the solution. In the neighbourhood of the 
lower critical solution-point, a distinct critical opalescence was observed. 
The results are reproduced in the diagram. 
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Solution Solution 

2-Methylpiperidine. _ point. 2-Methylpiperidine. _ point. 

72°3 165° 9° 82°4° 

64°7 112 8°6 86°5 

52°4 94 7°8 92°4 

47°0 88°8 6°8 homogeneous up to 170° 

39°7 87 60°4 221° 

33°7 87 ‘2 opalescence 52°4 225 

29°2 83 “i 28°3 227 

24°0 81 90 20°1 227 

19°4 79°3 15°0 220 

13°8 79°8 9°7 188 

10°6 80°4 8°2 171 


It is thus evident that the complete solubility ring of water—2-methyl- 
piperidine can be followed ; the only other case in which similar observa- 
tions have been made is that of nicotine and water (Hudson, Zettsch, 
physikal. Chem., 1904, 47, 113). The lower half of the curve has a 
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shape similar to that of mixtures of 2: 4:6-trimethylpyridine and of 
l-methyl- and l-ethyl-piperidine with water, namely, somewhat 
abruptly curved, whilst the upper nearly symmetrical half is similar 
to that of the known liquid pairs with upper critical solution- 
temperatures. Also, the law of rectilinear diameters,as Rothmund 
first showed, holds fairly well for the upper point, whilst the diameter 
for the lower part is sharply curved. The regularity indicated above 
is observed here also. In consequence of the greater distance of the 
methyl group from the nitrogen atom in 2-methylpiperidine com- 
pared with 1l-methylpiperidine, the lower critical solution-tempera- 
ture of the former is increased by 31° and the upper one is depressed 
by about 60°. 


We have to express our thanks to Sir William Ramsay for the 
kind interest taken in this research. 
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XCVII.—The Viscosity of Solutions. 
By Cuar.tes Epwarp Fawsirt. 


THE work in this paper was carried out more than a year ago, and 
its publication was delayed in the hope that the measurements might 
be extended over a larger field. Being now fully occupied with high- 
temperature viscosity observations, I do not feel that any further 
delay is advisable, as it is not likely to result in a continuation of the 
work in the present paper, at any rate, in the immediate future. 

The viscosity of aqueous solutions has already been discussed in 
previous papers (Zeitsch. physikal. Chem., 1904, 48, 585; Proc, 
Faraday Soc., 1904, 664). When dilute solutions are studied, the 
viscosity is usually a linear function of the concentration of the 
solute. A number of colloidal aqueous solutions and some alcoholic 
solutions have now been examined, and it is found that they behave 
very similarly to aqueous solutions. It would have been of consider- 
able interest to obtain viscosity measurements on colloidal solutions of 
metals and metallic sulphides, but an attempt to prepare such solu- 
tions in sufficient concentration to give viscosity measurements was 
not successful, Measurements of viscosity were, however, carried out 


with solutions of tungstic acid, hemoglobin, gelatin, and albumen. 

Measurements on alcoholic solutions here given are also in confirma- 
tion of the statement made in a previous paper (loc. cit.), that the 
viscosity of equimolecular solutions of substances forming a homologous 
series is to some extent an additive property. 


EXPERIMENTAL, 


Colloidal Solutions.—The tungstic acid used was prepared hy 
dialysing a mixture of sodium tungstate and hydrochloric acid. 
The other substances were purchased in as pure a state as they 
could be obtained. The viscosity of gelatin solutions has already 
been investigated by Schroeder (Zeitsch. physikal. Chem., 1903, 45, 
75), who noticed that the viscosity of such solutions depends 
greatly on their previous history, I have found that this property 
is not confined only to gelatin solutions, but appears to belong to 
other colloidal solutions, although in no case have I noticed the 
viscosity of solutions to vary in the extraordinary manner that 
gelatin solutions do, simply by allowing them to stand. 

The following results were obtained at 25°, using the Ostwald form 
of U-tube with a glass capillary. The viscosity of water at 25° is 
taken as unity ; 
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Substance. Percentage. Viscosity. Substance. Percentage. Viscosity. 


Albumen 0°25 1°019 Hemoglobin 0°45 1°021 
a 0°85 1°066 Fe 0°9 1°042 

. 1°70 1°140 Gelatin 0-0082 1-012 
Tungstic acid 2°8 1°028 mA 0°0165 1°029 
4°4 1°044 a 0033 1°096 


The divergence from the linear formula is noticeable only in the 
case of gelatin. The Arrhenius formula »=A*, where yp is the 
viscosity, 2 the concentration, and A a constant, is also unable to 
represent the case of gelatin solutions. Even among crystalloids, 
however, there are abnormal cases of this kind, as, for example, sucrose 
(Rudorf, Zeitsch. physikal. Chem., 1903, 43, 257). 

Alcoholic Solutions.—The temperature of experiment was again 25°, 
and the viscosity of alcohol is taken as unity at this temperature. 


Solutions in Ethyl Alcohol. 


Substance. Concentration, Viscosity. Substance. Concentration. Viscosity. 
Butyramide N/8 1°029 Methylearbamide /8 1-028 
“6 N/4 1-061 »» N/4 1°050 
~ N/2 1°113 ” N/2 1-099 
N 1°205 - N 1°212 


The linear formula is applicable in both these cases. 
A comparison of a number of amides at normal concentration gave 


the following results : 


Acetamide ... ........00 1°122 Valeramide .............+. 1°246 
Propionamide ..........+ 1°156 n-Hexamide............... 1°275 
Butyramide .............0 1°205 


The increment in the successive numbers is not constant, so that the 
property is not of a strictly additive character. The viscosity of the 
corresponding normal aqueous solutions (taking the value for alcohol 
again as unity) is as follows: 


Acetamide ............006 0°926 Butyramide ................ 1°080 
Propionamide ............ 1°000 Valeramide* ........... 1°149 


* By extrapolation from more dilute solutions. 


It will be noticed that the viscosity constants of the aqueous 
solutions increase more rapidly with substances of increasing mole- 
cular weight than those of the alcoholic solutions. 


I have pleasure in expressing my thanks to the Council of the 
Chemical Society for a research grant to defray the expenses of this 
investigation. 


THE UNIVERSITY, 
GLascow. 
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XCVIII.—A Criticism of Werner's Theory and the 
Constitution of Complex Salts. 


By Joun ALBERT NEWTON FRieEnp, Ph.D. 


In a recent communication (Friend, Trans., 1908, 93, 260), a new 
theory of valency was suggested in which it was pointed out that 
the free valencies therein postulated correspond with the principal 
ones of Werner, and the latent with the auxiliary. There are, however, 
two important distinctions between the last named : 

1. Whereas groups attached by the author’s latent valencies are 
dissociable, those attached by Werner’s auxiliary valencies are not, 

2. Werner’s auxiliary valencies differ from the principal ones in 
the amount of energy they contain, and it is regarded as possible for 
several of them to combine together to yield a principal valence. 

The author’s latent and free valencies, however, are practically 
identical, being separated from each other only because they are 
assumed to exist in pairs of equal and opposite sign, and thus do not 
affect the chemical nature of the atom to which they belong. In this 
respect they resemble the neutral affinities of Spiegel (Zeitsch. anorg. 
Chem., 1902, 29, 365) and the electrical double valencies of Arrhenius 
(Theorien der Chemie, Leipzig, 1906). 

By adopting the author’s theory, formule for simple and complex 
molecules can be obtained, which not only embody the advantages of 
Werner’s system, but are free from many of its objections. This may 
be best shown by taking a few concrete examples. 


Ammonium Chloride. 


According to Werner’s theory, the formula for ammonium chloride 

is : 
H,N....HCl, 

where the dotted line represents the auxiliary valence joining the 
hydrogen to the nitrogen nucleus. The chlorine atom is thus free to 
dissociate, whereas the hydrogen is not. This formula explains the 
readiness with which ammonia and hydrogen chloride unite, and the 
ease with whicli the resulting compound dissociates on heating. 
Against it, however, a large number of facts may be arrayed. The 
nitrogen is here represented as quadrivalent and the hydrogen 
as bivalent, assumptions for which we have no warrant. The 
fourth atom of hydrogen is not attached to the nitrogen in the 
same way as the other three in Werner’s formula, but the 
researches of Victor Meyer on the alkylammonium iodides indicate 
that no such difference in reality exists (Friend, loc. cit., p. 268). 
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Further, if we replace hydrochloric acid by a weak acid, as, for 
example, acetic, the degree of dissociation of the weak acid is 
increased by neutralisation with ammonia. This, of course, should 
not occur if we are simply dealing with the addition of an NH,-group 
to the hydrogen atom of the acid. 

Finally, as Arrhenius (loc. cit.) points out, tetramethylammonium 
hydroxide, (CH,),N*OH, is a strong base, and its degree of dissociation 
is similar to that of the salts. According to Werner’s theory, 
however, it is to be regarded as an additive product of trimethylamine 
and methyl alcohol, which latter is probably even less dissociated than 
water itself. 

All these difficulties are overcome, however, if the present author’s 
formule are accepted (loc. cit., p. 267). 

These schemes have the further advantage of explaining the ob- 
servation of Kahlenberg, that union between ammonia and hydrogen 
chloride takes place in the presence of non-conducting benzene 
vapour, although, as Baker has shown (Trans., 1894, 65, 612), when 
quite dry the two gases will not combine. Since the action is 
molecular, the benzene serves to bring the molecules together, the 
presence of an ionising solvent, such as water, being unnecessary. 


Ammino-compounds. 


Two compounds are known having the composition PtCl,(NH,),, 
Neither isomeride shows any appreciable dissociation in aqueous 
solution. It is therefore assumed by Werner that the six elements 
or groups are attached directly to the platinum, the four chlorine 
atoms by principal valencies, and the two NH,-groups by auxiliary. 
Thus : 


Cl 

7 

ud 

1% | “NH, 
Cl 


NH, 


It is clear that if these groups are arranged spatially around the 
platinum atom, two different schemes are possible, namely, one in 
which the two NH,-groups are adjacent, and one in which they are 
opposite, These represent the isomerides known. 

Here, again, nitrogen is represented as quadrivalent, and the 
platinum as sexavalent. Further, the indefinite nature of the 
auxiliary valencies is a drawback, and it is difficult to see why the 
hydrogen and chlorine are not endowed with them here, as in so many 
other compounds. 
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Finally, if the fact that the elements are joined directly to the 
metal affords an explanation for the undissociable nature of the 
complex, it is remarkable that in potassium chloride, to quote a 
familiar example, we have a highly dissociable salt. 

Spiegel (loc. cit.) suggests that the auxiliary valencies of Werner 
correspond with his neutral affinities. He therefore attributes to 
platinum four active valencies, by means of which the chlorine atoms 
are attached, and two pairs of neutral affinities (formula I) : 


ray ig 
(II.) 


The ammino-compound under consideration would presumably be 
represented by the formula (IT). 

This certainly obviates the necessity of introducing quadrivalent 
nitrogen, and it also gives a certain definiteness to the auxiliary 
valencies, It does not explain the undissociable nature of the com- 
pound, however, and, further, if the neutral affinities of the metals 
generally exhibit such pronounced activity, it is remarkable that, both 
in solution and in a state of vapour, their molecules should be almost 
exclusively monatomic (Tammann, Zeitsch. anorg. Chem., 1907, 
55, 289; Wartenberg, Zeitsch. anorg. Chem., 1907, 56, 320; 


Kurbatoff, J. Russ. Phys. Chem. Soc., 1907, 39, 1181, 1216). 

The present author therefore suggests that a hexatomic shell forms 
round the metal in the way indicated by Werner, but that all the 
elements (or groups) are joined together by latent valencies, and not 
necessarily to the metal itself. Thus, in the case under consideration, 
the formula becomes : 


H, 

rae. 
,: Poy 
| Pe 
OZ No 

Nad 

H, 

Nortr.—For the sake of clearness the atoms are here, and in the succeeding schemes, 

represented as lying in one plane. It is easy to see that if a second pair of latent 


valencies is developed from each atom in the ring, a spatial configuration is 
obtained. 


Whilst possessing none of the disadvantages of the formuleof Werner 
and Spiegel, this scheme affords a ready explanation of the fact that 
dissociation cannot take place without the destruction of the 
complex. 
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If, now, the four chlorine atoms in the ring are replaced by 
ammonia, the complex | Pt(NH,),|Cl, is obtained. 

According to Werner, the six NH,-groups are attached directly to 
the platinum, and constitute the first zone. The dissociable chlorine 
atoms hover round the nucleus in an indefinite manner, and are 
classed as the second or outer zone. 

Briggs (Proc., 1908, 24, 94) suggests that the platinum atom has 
both positive and negative affinities, and draws up a scheme according 
to which all ten elements (or groups) are attached directly to the 
netal. 

According to the present author, however, the complex is represented 
by the scheme : 


in which the platinum retains its quadrivalent nature. The dissociable 
nature of the chlorine atoms is due therefore to their being attached to 
the platinum atom, but not being included in the shell. 

It is easy to see by this arrangement that the complex [Pt(NH,),| 
will form one ion, for the platinum atom will be unable to escape from 
the hexatomic nitrogen shell surrounding it. 


The formula for the complex | pel | will thus be: 


Cl 


in which ‘one chlorine atom has been included in the shell. Con- 
sequently, only three chlorine atoms are dissociable. 


* Other Complexes. 


In potassium platinichloride, K,PtCl,, we have a typical example of 
a second class of complex, namely, that in which the simple ions are 
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positive, and are attached directly to the shell and not to the central 


metallic atom. Thus: 
K 


| 
JAY 
or. 
| NP tZ | 
OZ Na 


Cl 
| 


By working along lines similar to these, it is easy to construct 
suitable formule for all the complexes which have as yet been 
discovered. 

It is interesting to observe that inorganic compounds may thus be 
grouped into two classes, namely, those which contain hexatomic 
shells, and those which do not, whereas organic compounds are 
classified according as they possess hexatomic rings or not. 


XCIX.—The Reaction of Diazonium Salts with Mono- 
and Di-hydiic Phenols and with Naphthols. 


By Kennepy Josern Previtté OrTON and RecinaLp WILLIAM Everatrt. 


Since the publication of Goldschmidt’s (Ber., 1897, 30, 670 ; e¢ seq.) 
exact quantitative experiments on the coupling of diazo-compounds 
with anilines and phenols, it has been clear that there is little differ- 
ence between the three classes, the diazonium salts, the diazotates 
(the “normal” or syndiazotates), and isodiazotates in this respect. 
Inasmuch as it was shown by him that only the hydrolysed fraction 
reacts with the phenol, the decisive factor in the rapidity and extent 
of the reaction is the degree of hydrolysis which the particular diazo- 
compound undergoes under the conditions. When other conditions 
(nature of the acid radicle, dilution, and temperature) are kept 
constant, this degree of hydrolysis depends on the strength of the 
diazonium base; or, with similar reservations in the case of the 
diazotates and the isodiazotates, on the strength of the corresponding 
acid, the diazohydroxide. Whether the free diazonium hydroxide, or 
whether the diazohydroxide (syndiazohydroxide) which Hantzsch 
claims to exist to a greater or less degree in solutions of all diazonium 
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bases thus: - i o= = Ar:N:N°OH, is the reactive substance, is 
immaterial for the present discussion. All circumstances which 
reduce the extent of this hydrolysis, such as excess of a mineral acid 
in solutions of diazonium salts, or excess of alkali in solutions of 
diazotates, diminish the rapidity and extent of the coupling. 
Inasmuch as the normal diazotates are generally the most hydrolysed 
of the three classes of diazo-compounds (when the three are obtain- 
able), faintly alkaline solutions of this form are usually preferred for 
the preparation of the hydroxyazo-compounds. 

No systematic study of the interaction of diazonium salts and 
phenols in which the constitution of the diazonium compound and the 
phenol has been varied appears as yet to have been made. That 
diazo-compounds couple with B-naphthol or resorcinol in the presence 
of mineral acid has been long known (Wallach, Ber., 1882, 15, 27; 
Liebermann, Ber., 1883, 16, 2859); and applications have been made 
of these observations in the colour industry. Bamberger and Hantzsch 
have used an alcoholic solution of B-naphthol for the preparation 
of the azo-compound from diazonium salts (for example, Ber., 1895, 
28, 848). This method is alone available, and gives excellent results 
in the case of those diazo-compounds in which negative substituents 
are present in the positions 2, 4, and 6 with respect to the diazo- 
group, since such diazo-compounds will not couple in a solution which 
is more than feebly alkaline; moreover, in such feebly alkaline 
solutions halogen is eliminated from the benzene nucleus, and hence 
the preparation of a pure product is rendered difficult (Orton, Trans., 
1903, 83, 796 ; et seq.). 

In our own experiments we have investigated the reaction of 
a series of diazonium salts of constitution varying between the highly 
basic diazo-y-cumene and the feebly basic s-tribromodiazobenzene, 
with a number of monohydric phenols, the dihydric phenols, and a- 
and 8-naphthol. 

All diazonium salts, even the diazonium hydrogen sulphates, couple 
with equal readiness with B-naphthol in alcobolic solution, both those 
derived from the feebly basic s-tribromobenzenediazonium hydroxide 
and similar bases, and those derived from the powerful bases, m-xylene- 
and y-cumenediazonium hydroxides. In fact, when the solid diazonium 
salts can be easily prepared, this method of obtaining the azo-B- 
naphthols is to be preferred. 

The method of preparation is very simple. Molecular proportions 
of the diazonium hydrogen sulphate and the naphthol are respectively 
dissolved in so much alcohol that the diazonium salt is ultimately at a 
concentration of 1—2 per cent. Generally the separation of the azo- 
B-naphthol begins immediately, and is complete in a few minutes. 

VOL. XCIII. 3 xX 
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The melting point of the original separation is scarcely changed by 
recrystallisation from acetic acid. 

Effect of Solvent.—Variation in solvent has very little effect on the 
coupling with B-naphthol. In methyl and ethyl alcohols, acetone, 
acetic acid, or formic acid, no differences were observed. When 
acetone was the medium, the diazonium salt was mainly in suspension, 
The low solubility of 8-naphthol in water necessitated the use of a very 
large bulk of this medium, but .the coupling of B-naphthol with 
s-tribromobenzenediazonium hydrogen sulphate was not in any way 
modified. 

Nature of the Phenol.—The constitution of the phenol has a very 
marked influence on the reaction with diazonium salts. a-Naphthol is 
indistinguishable in its behaviour from f-naphthol, but the mono- 
hydric phenols of the benzene series scarcely react with acid solutions 
of diazo-compounds. Experiments were made with phenol, o- and 
p-cresol, o- and p-nitrophenol, using the series of diazonium salts 
mentioned above. At most a coloration was produced. It was 
shown in the case of s-tribromodiazobenzene, which reacts more 
extensively than the other diazo-compounds, that the normal product 
was formed. The replacement of the mineral acid by acetic acid, by 
addition of sodium acetate—in some cases considerable excess was 
necessary—of course induced combination. 

The dihydric phenols, resorcinol and orcinol (quinol and catechol 
behave in an exceptional manner), resemble the naphthols. In an 
alcoholic medium, coupling is rapid and roughly quantitative with the 
hydrogen sulphates of all types of diazonium bases. 

In water, in which solvent resorcinol and orcinol are readily 
soluble, there is differentiation. Coupling is only complete at the 
concentration, one per cent., and the temperature here used, with the 
diazonium hydrogen sulphates of bases containing negative groups, 
such as s-tribromodiazobenzene, s-tribromo-m-diazotoluene, and 3:5- 
dibromo-p-diazotoluene. All the other diazonium salts tried, such 
as those derived from bromoaniline, p-nitroaniline, aniline, p-toluidine, 
m-xylidine, and y-cumidine, either couple incompletely or do not 
react, 

In these experiments the diazonium salt and the resorcinol (or 
orcinol) were dissolved in so much water that the diazonium salt was 
ultimately at a concentration of one per cent. After mixing, the 
solutions were kept for one hour, or in some cases three hours, 
the longer period not modifying the result materially. If the 
diazonium salt was unstable at the ordinary temperature, as was the 
case with the diazo-y-cumene, diazo-m-xylene, diazo-p-toluene, and 
diazobenzene, the mixture was kept at 0°, but with the more stable 
diazonium salts the solutions were at the ordinary laboratory tempera- 
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ture. The azo-compound was collected and the presence of unchanged 
diazo-compound looked for in the filtrate by reduction of the acidity 
by means of sodium acetate. In the first instance, one molecular pro- 
portion of sodium acetate was introduced, and any azo-compound 
which separated collected in half an hour, the filtrate being again 

mixed with another molecular proportion of acetate. ' 

The diazonium hydrogen sulphates derived from p-toluidine, 
m-xylidine, 6-bromo-y-cumidine, and other similarly constituted 
diazonium salts, did not react at all with resorcinol until a molec- 
ular proportion of sodium acetate had been added, but this amount 
was suflicient to complete the coupling. That is, the coupling of 
these diazo-compounds is quantitative at the concentration used, in 
the presence of one equivalent of sulphuric acid. In the case of diazo- 
y-cumene no reaction had occurred even in the presence of two 
molecular proportions of, sodium acetate, but after addition of a large 
excess a quantitative coupling results. 

In the light of Goldschmidt’s quantitative measurements, we may 
conclude that the phenol reacts most readily and extensively with 
those diazonium salts which are derived from the weaker diazonium 
bases, and are hence the more hydrolysed in the presence of a given 
concentration of acid. The weaker the base the more extensive is the 
coupling. As the coupling proceeds the concentration of the acid rises 
sufficiently in the case of p-nitrobenzene-, p-bromobenzene-, and 
benzene-diazonium hydrogen sulphates, to bring the reaction to a 
standstill. In the case of the other diazo-compounds above referred 
to, the initial concentration of acid does not permit any reaction. 

The order of activity of a diazonium basis given by the reaction of 
resorcinol is the same as that deduced by Davidson and Hantzsch, and 
Engler and Hantzsch (Ber., 1898, 31, 1612, 2179; 1900, 33, 2147), 
from measurements of the electrical conductivity. They found that 
y-cumenediazonium hydroxide was a base of the same order as the 
alkali hydroxides, and that diminution of the number of alkyl groups 
or accumulation of negative groups is followed by decrease in the 
activity of the base. 

To what is to be ascribed the difference between the phenols in their 
behaviour is not easy to suggest. Goldschmidt showed that the 
reaction took place between the free phenol and the diazo-compound, 
but from his measurements, made mainly in alkaline solution, it is only 
possible to infer that the less acid phenols react more rapidly ; for 
example, thymol reacted with the greatest speed with diazotates, 
excess of alkali having little deterring effect. Possibly the reactive 
phenols, naphthols, resorcinol, and orcinol (which belong to the more 
acid phenols) exist in solution to a small extent in an active tautomeric 
form. Other properties of these three phenols have suggested to 
3X 2 
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chemists that they ‘pass more extensively in certain solvents than 
other phenols into a quinonoid or ketonic form, thus : 


_ OH 
oa’. SH.. 
_— « 


If the diazonium or diazo-hydroxide reacts exclusively or more 
readily with this ketonic isomeride, the exceptional character of these 
three phenols would be in some degree accounted for. 

The Influence of Concentration of Acid.—The solubility of resorcinol 
and orcinol in water renders easy a study of the influence of the 
concentration of acid on the coupling of those diazonium salts which 
couple completely under the conditions above described. A series 
of experiments was carried out in which the concentration of the acid 
(sulphuric acid) was continually increased, the concentration of the 
diazo-compound and the phenol being kept constant. The completion 
of the reaction was ascertained by collecting the product and diluting 
the mother liquor either with water or with aqueous sodium acetate, 

In the case of 3 : 5-dibromo-p-toluenediazonium hydrogen sulphate a 
slight excess in the concentration of the acid was sufficient to bring 
the reaction to a standstill. Thus a solution of 0°5 gram of the salt 
in 40 c.c, of water coupled completely with one gram-molecular pro- 
portion of resorcinol present in the solution. But if a higher concen- 
tration of diazonium salt was used, for example, 0°85 gram in 40 c.c. of 
water, the coupling was partial, and only became complete on dilution 
with water. 

With s-tribromodiazobenzene and _ s-tribromo-m-diazotoluene the 
results were very different. The concentration of the acid could be 
very largely increased without effect on the extent of the coupling. 
The former diazo-compound even reacted quantitatively with resorcinol 
in a 54:5 per cent. solution of sulphuric acid, the coupling only 
becoming slower and incomplete in a 73 per cent. solution. Neverthe- 
less, even at this high concentration of acid only a small amount 
of diazo-compound remained uncombined. Similar results were 
obtained with the tribromodiazotoluene. Not only was the extent of 
coupling unaffected, but the rapidity was undiminished by the increase 
in the concentration of acid. Substitution of orcinol for resorcinol did 
not affect the results. 

In a few experiments, methyl alcohol was used as a solvent instead 
of water. Up to a concentration of 7:7 per cent., the highest concen- 
tration used, sulphuric acid had no effect on the extent or rapidity of 
coupling. In this case, the extent of the coupling was demonstrated 
by collecting and weighing the coupled product, and not by dilution. 

The identity of the azo-resorcinols formed in these acid media with 
those prepared and described in the foregoing in alcoholic or aqueous 
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; than media in the absence of excess of acid was demonstrated by determin- 
ation of melting points and by analyses. 
The following tables will show a few of the experiments, and will 
give some idea of the procedure adopted : 
more 1. s-Tribromobenzenediazonium Hydrogen Sulphate and Resorcinol. 
these No. of 
equivalents 
reinol : ‘ of H,SO, Percentage 
Weight of Volume of Volumeof tolequiv. of of H,SO, 
f the diazonium salt. H,SO,inc.c. solution inc.c. diazo-salt. by weight. 
vhich 0°41 —- 25 1 0°72 
. 0°41 9°9 25 100 54°5 
— 0-41 14°9 25 150 73°0 


acid 
be 2. &-Tribromobenzenediazontum Hydrogen Sulphate and Oreinol. 
iting 0°41 — 25 1 0°72 
0°41 1°9 25 20 13°5 
te, 0-41 2°9 25 30 18°8 
ate a 
a 3. s-Tribromo-m-toluenediazonium Hydrogen Sulphate and Resorcinol 
ie 0°42 — 25 1 0°72 
oo 0°42 2°9 25 30 18°8 
cen- 0°42 9 25 50 31°0 
ce. of 
ition The phenol and diazonium salt were used as aforesaid in molecular 
proportions. The depression of the solubility of the resorcinol by 
the the sulphuric acid did not permit of higher concentrations of the 
1 be reacting substances being used. The mixtures were maintained at 
‘ing. the temperature of the laboratory, namely, 9—12°. The diazonium 
inol salts were colourless and in well formed crystals ; they had been 
only purified by solution in methyl alcohol and precipitation with 
the- ether. 
unt A single experiment was made with benzenediazonium hydrogen 
vere sulphate and resorcinol When these substances interact (in 
i of molecular proportions), the diazonium salt being at a concentration 
nase of 1 per cent., the coupling only takes place to the extent of 
did 10°5 per cent. (estimated by weighing the azo-compound). When the 
concentration of sulphuric acid attains 2°3 per cent. no reaction is 
ead observed. ‘ 
en- It is no easy matter to account for these remarkable observations. 
- of It is difficult to believe that in this case the reaction occurs between 
ted a hydrolytically dissociated fraction of the diazo-compound and the 
d. phenol; in 5—6 N-sulphuric acid, the concentration of hydroxyl ions 
ith must be so low that hydrolysis becomes impossible. These experiments 


add one more to the numerous recorded peculiarities of those diazo- 
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compounds which possess these negative groups symmetrically placed 
with respect to the diazo-group. That this grouping entails some 
peculiarity in the constitution of the diazo-group, or in the 
constitution of the benzene nucleus, may be suggested, but further 
evidence must be collected before more definite views can be 


expressed. 


The Coupling of Diazo-compounds and Resorcinol in Alkaline 
Solution. 


Inasmuch as the conditions affecting coupling in alkaline solutions 
have been clearly defined by Goldschmidt, only a few experiments 
have been made with resorcinol to test the behaviour of some of the 
s-trisubstituted diazobenzenes. These diazo-compounds, s-tribromo- 
diazobenzene, 3 : 5-dibromo-p-diazotoluene, 5-bromodiazo-m-xylene, &c., 
appear to yield only one series of diazotates, which are characterised 
by possessing considerable stability, resembling in many respects the 
isodiazotates of less substituted compounds.* 

These various diazotates show considerable differences. In the 
first place, the behaviour of the s-tribromo-derivative is complicated 
by the insolubility of the potassium salt of the coupled product; this 
salt separates during the reaction, and thus prevents the free alkali 
hydroxide accumulating in the solution. On this account, the 
coupling is complete when molecular proportions of resorcinol and 
diazotate are used in absence of any excess of alkali. With the 
other two diazotates, no separation of an insoluble salt occurs, and 
the effect of the formation of alkali during the reaction can be 
studied, when due precautions are taken to prevent the entry of 
carbon dioxide from the air. 

In a 1 per cent. solution, potassium dibromo-p-toluenediazo- 
tate only partly reacted with resorcinol. When the coupled 
product was filtered after keeping for three hours and carbon 
dioxide passed into the filtrate, a further separation of the azo-resorcinol 
resulted. 

Under similar conditions, however, the bromodiazo-m-xylene com- 
pletely reacted with resorcinol, but if initially one equivalent of 
sodium hydroxide were present, the coupling, although extensive, was 
not quite quantitative. 

It is to be noted that, of the two diazo-compounds last mentioned, 
the bromo-m-xylenediazotate, which reacts most readily with the 
phenol, is consequently most hydrolytically dissociated, and therefore 
the derivative of a weaker acid, corresponds with a diazonium salt, 

* A number of diazotates of these symmetrical tri-substituted diazobenzenes 
have been prepared in this laboratory ; their characters and peculiarities will be 
described in a subsequent communication. 
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which in its behaviour to resorcinol would seem to be derived from 
the stronger diazonium base. That constitution of the benzene 
nucleus which gives the stronger diazo-base yields the weaker 
diazo-acid, 
Some Azo-phenols and -naphthols. 


In the course of these experiments, we have prepared a number of azo- 
derivatives of resorcinol, orcinol, and a- and 8-naphthol which have 
not hitherto been described. 


Azoderivative of Resorcinol. 


The azo-derivatives of resorcinol can in general be easily prepared 
by mixing molecular proportions of diazonium salts, hydrogen sulphates 
or chlorides, and the resorcinol in aqueous or alcohol solution. In 
alcohol, the coupling is rapid and complete with all the diazonium salts, 
but in aqueous solution complete coupling only occurs when the 
diazonium salt is a derivative of a feeble diazonium base, that is, a 
base with negative constituents in the benzene nucleus. The addition 
of sodium acetate which causes the replacement of the strong 
mineral acid brings the interaction to completion. The diazonium 
salts derived from s-tribromoaniline, 3 : 5-dibromo-p-toluidine, and 
s-tribromo-m-toluidine interact quantitatively in aqueous solution 
notwithstanding the liberation of mineral acid during the process, 
In the case of the diazonium salts derived from aniline, p-bromo- 
aniline, &c., the coupling is only complete after the addition of 
one molecular proportion of sodium acetate. With still stronger 
diazonium bases, such as those derived from the toluidines, m-xylidine, 
&e., no reaction takes place until a molecular proportion of sodium 
acetate is added, when, however, coupling is complete. 

The azo-resorcinols are of course readily soluble in alkali hydroxides, 
and in many cases form potassium salts of singularly low solubility. 
These salts are precipitated when a dilute aqueous solution of resorcinol 
is added to dilute alkaline solutions of the diazonium compounds. 

The azo-resorcinols (and azo-orcinols) which separate from aqueous 
solution, either acid or alkaline, are always in a colloidal condition. 
Filtering and pressing on an absorbent plate yields a material melting 
below 100°. This material may contain as much as 60 per cent. of 
water, which is slowly given up on exposure over sulphuric acid. 
No definite hydrates such as have been described by Hewitt were 
isolated. 

s-Tribromobenzene-4-azoresorcinol, C,H,Br,°N,"C;H,(OH),, is pre- 
pared from s-tribromobenzenediazonium hydrogen sulphate and 
resorcinol in aqueous or alcoholic solution; it crystallises from 
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glacial acetic acid as a pale red, microcrystalline powder melting at 
182°: 

0:2057 gave 0°2552 AgBr. Br=52°8. 

C,,H,0,N,Br, requires Br = 53°18 per cent. 
The potassium salt is an insoluble, gelatinous precipitate. 
2:4: 6-7ribromo-m-toluene-4-azoresorcinol, 
C,HMeBr,*N,°C,H,(OH),. 
This compound is formed under exactly the same conditions as the last 
mentioned. It crystallises from glacial acetic acid in microscopic, pale 
orange crystals melting at 151—152°: 
01853 gave 0°2236 AgBr. Br=51:35. 
C,,H,0,N,Br, requires Br =51-58 per cent. 

3 : 5-Dibromo-p-toluene- 4-azoresorcinol, C,H,MeBr,*N.*C,H,(OH),.— 
This substance was prepared as above described; it is best to use 
methy] alcohol as medium for the coupling. 

The azo-compound crystallises from acetic acid in bright red 
needles melting at 141°: 

0:22 gave 0'2087 AgBr. Br=41°19. 

C,,;H,,O,.N,Br, requires Br= 41°42 per cent. 

p-Bromobenzene-4-azoresorcinol, C,H, Br°N,°C,H,(OH),, is prepared 
from the diazonium hydrogen sulphate and resorcinol in aqueous 
solution in the presence of one molecular proportion of sodium 
acetate, or from an alkaline solution of p-bromodiazobenzene and 
resorcinol when the potassium salt of the hydroxyazo compound 
separates. The compound crystallises from acetic acid in transparent, 
orange laminz, which apparently contain acetic acid, since on washing 
with alcohol they become bright red and lose their transparency. It 
melts then at 191—192°, and is fairly soluble in alcohol or acetic 
acid : 

0°1783 gave 0°1149 AgBr. Br= 27°42. 

C,,H,O,N,Br requires Br = 27°24 per cent. 

The potassiwm salt crystallises in large, red prisms, which are very 
sparingly soluble in water : 

0°46 gave 0°1176 K,SO,. K=11°48. 

C,,H,O,N,BrK rejuires K = 11°82 per cent, 

p-Nitrobenzene-4-azoresorcinol, NO,*C,H,°N,°C,H,(OH),.—This azo- 
compound, which appears to have been obtained by Meldola (Trans., 
1885, 47, 660), who gives no melting point, is formed as an insoluble 
sodium salt when an aqueous solution of sodium p-nitrobenzenedi- 
azotate is added to an aqueous solution of resorcinol. It is best 
purified by repeated recrystallisation from methyl alcohol, whereby a 
small amount of a high melting solid, possibly a bisazo-compound, ig 
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separated. It forms a dark red, microcrystalline powder melting at 
199—200° : 

0:1080 gave 14°6 c.c. moist nitrogen at 9°5° and 772 mm. N= 16°66. 

C,,H,O,N, requires N = 16°25 per cent. 

The sodiwm salt separates as a brownish-red, crystalline powder 
which is highly insoluble in water. 

5-Bromo-m-aylene-4-azoresorcinol, C,H,Me,Br*N,*C,H,(OH),, is best 
prepared, using water as the solvent, for the diazonium hydrogen 
sulphate and the resorcinol. Crystallisation from acetic acid separated 
a small quantity of a material with a high melting point, above 250°, 
which is probably a bisazo-compound. The substance crystallises in 
red needles melting at 133°, and is readily soluble in methyl or ethyl 
alcohols : 


0'2231 gave 0°1300 AgBr. Br=24-79. 
C,,H,,0,N,Br requires Br = 24°09 per cent. 
6-Bromo-y-cumene-4-azoresorcinol, C,H Me,Br:N,*C,;H,(OH),, is pre- 
pared by coupling the corresponding diazonium hydrogen sulphate 
and resorcinol in aqueous solution in the presence of sodium acetate. 
It crystallises from acetic acid in very dark red, lustrous needles 
melting at 214°, and is but sparingly soluble in alcohol : 


0:1810 gave 01005 AgBr. Br= 23°64. 
C,;H,,0.N,Br requires Br = 23°85 per cent. 

8-Naphthalene-4-azoresorcinol, C,,H,*N,°C;H,(OH),, was prepared 
from the diazonium salt and resorcinol in alcoholic solution, from 
which it separated in dark red needles melting at ]81—182°. It 
crystallised readily from acetic acid : 

0:1010 gave 9°3 c.c. moist nitrogen at 12° and 766 mm, N=1I1°l. 
C,,H,,0,N, requires N = 10°63 per cent. 


Azoderivatives of Orcinol. 


The behaviour of orcinol with diazonium salts very closely resembles 
that of resorcinol, the ready solubility of orcinol in water permitting 
the coupling to be carried out in that solvent. The reaction with 
diazonium hydrogen sulphates is quantitative in ethyl- or methyl- 
alcoholic solution ; in water, the extent of the coupling depends on 
the character of the diazonium base in exactly the same way as was 
found in the case of the resorcinol, addition of sodium acetate often 
being necessary to bring the reaction to completion. 

s-T'ribromobenzeneazo-orcinol, C,H,Br,"N.°C,H,Me(OH),, erystal- 
lises from acetic acid as a bright red, microcrystalline powder melting 
at 199—200° ; 
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01136 gave 0:1372 AgBr. Br=51°39. 
C,,H,O,N,Br, requires Br=51-58 per cent. 

3 :5-Dibromo-p-tolueneazo-orcinol, C,H,MeBr,*N,*C,H,Me(OH),, 
crystallises from a mixture of acetic acid and acetic anhydride in dull 
red needles melting at 179—180°, and is exceptionally soluble in 
methyl alcohol : 

0:1511 gave 0°1414 AgBr. Br=39°83. 

C,,H,,0,N,Br, requires Br = 39-96 per cent. 
p-Bromobenzeneazo-orcinol, C,H,Br*N,"C,H,Me(OH),, is best pre- 
pared by carrying out the coupling in alcoholic solution, and is separ- 
ated from a small quantity of a solid of higher melting point by 
recrystallisation from methyl alcohol. It crystallises in long, bright 
red needles melting at 212—213°: 
02129 gave 0°1326 AgBr. Br= 26°50. 
C,,H,,0,N,Br requires Br = 26°03 per cent. 
5-Bromo-m-axyleneazo-orcinol, C;H,Me,Br*N,*C,H,Me(OH),, is best 
recrystallised from methyl alcohol, whence it separates in bright 
needles melting at 192—194°: 
0:2312 gave 0:1293 AgBr. Br=23-80. 
C,;H,,0,N,Br requires Br = 23-85 per cent. 
6-Bromo-)-cwmeneazo- aad OF eH Me,Br- N,°C,H,Me(OH),, salealdl 
directly from the alcoholic medium, in wills the coupling was carried 
out, in long, red needles, melting and decomposing at 214—215°: 

0:2107 gave 071141 AgBr. Br=23-04. 

C,,H,,0,N,Br requires Br = 22°89 per cent. 


Azoderivatives of a- and B-Naphthol. 


2:4: 6-Tribromobenzeneazo-a-naphthol, O,H,Br,*N,°C,,H,-OH.— 
This compound is prepared by bringing together molecular pro- 
portions of s-tribromobenzenediazonium hydrogen sulphate and 
a-naphthol in methyl- or ethyl-alcoholic solution. The product separ- 
ates immediately as a red, crystalline powder melting at 202° From 
a mixture of acetic acid and acetic anhydride, it crystallises in red 
needles : 

01978 gave 0:2306 AgBr. Br=49°54. 

C,,H,ON,Br, requires Br= 49-45 per cent. 


p-Chlorobenzeneazo-B-naphthol, C,H,Cl-N,°C,,H,°OH. 


To prepare this azo-compound, p-chloroaniline was diazotised in 
alcoholic solution by means of amyl nitrite in the presence of three 
equivalents of sulphuric acid, an alcoholic solution of B-naphthol being 
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added to the diazotised solution. The product separated as a dark 

crystalline precipitate melting at 159—160°; recrystallisation from 

acetic acid gave dark red needles melting at 160° : 
0:2041 gave 0°1028 AgCl. Cl=12°45. 

C,,H,,ON,Cl requires Cl= 12°54 per cent. 


The Reaction of Diazonium Salis with Quinol 
and Catechol. 


The literature contains but little reference to attempts to couple 
diazo-compounds with quinol or catechol. Witt and Johnson (Ber., 
1893, 26, 1909) state that diazobenzene and p-bromodiazobenzene give 
intense colorations with quinol in alkaline solution, but they neither 
isolated the product nor studied the reaction. Benzene- and p- 
toluene-azoquinol were obtained by them indirectly by coupling the 
monobenzoyl derivative of quinol with the diazo-compound. 

We have investigated the action of a number of diazo-compounds, 
both as diazonium salts and as diazotates with quinol, in alcoholic and 
in aqueous solutions. The reaction is in all cases the same, a simple 
oxidation of the quinol, which behaves as a primary or secondary 
alcohol, thus : 

Ar‘N,:OH + HO-C,H,:0H = Ar-H + 0:0,H,:0+ N, + H,0. 

On adding a solution of the diazo-compound to the quinol, a momentary 
intense coloration appears, which becomes permanent when the whole 
of the diazo-solution has been introduced. The evolution of nitrogen 
begins immediately, even when the temperature is maintained at 0°. 
Considerable heat is evolved and the reaction may become violent. 
On addition of water to the alcoholic solution, a solid (or oil) is precipi- 
tated, the same material being deposited directly if water is used as 
the solvent. This solid (or oil) consists of the benzene derivative 
(benzene from diazobenzene, nitrobenzene from p-nitrodiazobenzene, 
s-tribromobenzene from s-tribromodiazobenzene, &c.), together with a 
very small quantity of a dark red solid of low and indefinite melting 
point. Quinone could always be detected by its odour and was isolated 
in several cases. When excess of quinol was used, quinhydrone was 
formed, and separated from the solution with the other substances. 

So simple is this reaction of quinol with diazo-compounds that it 
may be recommended as a method of replacing the diazo-group by 
hydrogen. We did not observe any indications of the formation of 
the phenyl ethers of quinol. 

With catechol the reaction is somewhat different. Witt and Mayer 
(Ber., 1893, 26, 1074) succeeded in coupling diazobenzene, p-nitrodiazo- 
benzene, and p-diazotoluene with catechol. We find, however, that the 
highly-substituted benzenes, such as s-tribromodiazobenzene, &c., do 
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not couple but oxidise the catechol, the reaction being similar to that 
with quinol. 

In aqueous solution at 0°, the diazonium hydrogen sulphates of the 
stronger diazonium bases do not react with catechol, but on adding 
sodium acetate coupling takes place. With the weaker bases, in the 
same circumstances, reduction results. 
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C.—Ethyl 6-Methyl-2-pyrone-3 : 5-dicarboxylate and 
its Derivatives. 


By Joun Lionex Simonsen. 


Durine the course of his classical researches on the hydroxymethylene 
compounds, Claisen (Annalen, 1897, 29'7, 10) showed that ethyl ethoxy- 
methyleneacetoacetate condenses readily with ethyl sodioacetoacetate, 
and the product on acidifying yields ethyl diacetylglutaconate : 
CO, Et*CAc:CH:OEt +CH,Ac'CO,Et —* 
CO,Et-CAc:CH:CHAc:CO, Et + EtOH, 
As it seemed probable that ethyl a-acetylisoaconitate, 
(CO, Et),C:CH:CHAc:CO, Et, 

might result from the analogous condensation of ethyl ethoxy- 
methylenemalonate with ethyl sodioacetoacetate, and as this ester was 
required for synthetical work in the terpene series, this condensation 
has been carefully investigated. Under the conditions given in the 
experimental part of this paper (p. 1026), condensation readily takes 
place, and the product of the reaction is a crystalline substance melt- 
ing at 79°5°, which has the formula C,,H,,0,, and is obviously derived 
from ethyl a-acetylisoaconitate (C,,H,,0,) by the elimination of 
alcohol. 

The careful examination of the properties of this substance has con- 
clusively proved that it is ethyl 6-methyl-2-pyrone-3 : 5-dicarboxylate, 
elimination of alcohol having taken place in the following way : 


(CO, Et)*C0, Et ((CO,Et)—CO 
CH<Olco: Et):CMe-oH ~> CH<¢(co7Et):oMe>? 


a change which is very similar to the conversion of ethyl dicarboxy- 
glutaconate into ethyl ethoxycoumalindicarboxylate (Guthzeit and 
Dressel, Ber., 1889, 22, 1415): 


CHOCO, Et)-CO, Et CH—O(CO,Et) y—Or>0, 


CH(GO,Et)*CO,Et ~ (CO, Et):C(OEt) 


that 
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When ethyl 6-methyl-2-pyrone-3 : 5-dicarboxylate is hydrolysed with 
barium hydroxide or alcoholic potash, it is converted into a dibasic 
acid of the empirical formula C,H,0,, the constitution of which has 
not as yet been definitely decided. 

That this acid is not 6- ron — 5-carboxylic acid, 


CH<O1CO, Et):0 Et): “OMe O 
is shown by the fact that on esterification it yields a diethyl ester, 
C,,H,,0,, and a dimethyl ester, CjH,,0,, from which the acid may be 
recovered unchanged on hydrolysis. 
It is possible that hydrolysis has taken place with simultaneous loss 
of carbon dioxide and water with formation of 1-methyl-A’**-cyclo- 
butadiene-2 : 4-dicarboxylic acid in accordance with the following 


scheme : 


at 0(CO,Et)—CO\,, _ ¢(CO,H)-CO,H 
CH<OiCoY Et):cMe7? —> CH<¢ico3H):cMe-oH > 


CH:CO,H _ZC(CO,H 
CH<6(0,H):cMeoH —> C4<Cico? a> —_ 
It is hoped that further experiments, which are in progress, 
will show whether this condensation has taken place. 
When ethyl 6-methyl-2-pyrone-3 : 5-dicarboxylate is treated with 
ammonia, it undergoes an internal change, and is converted into ethyl 
ammonium 6-hydroxy-2-methylpyridine-3 : 5-dicarboaylate (1), 


0——c(0H 
CHOCO, NH) COB) = gH7!__co san Nyon, 
Se C(CO,Et):CMe~ 


(I.) (II.) 
and this substance, when treated in the cold with dilute hydrochloric 
acid, undergoes a curious change, and is converted into a substance, 
which crystallises in sulphur-yellow needles and is insoluble in sodium 
carbonate. It is probable that this is an internal salt of the formula (II). 

The ethyl ammonium salt mentioned above is readily hydrolysed by 
boiling alcoholic potash, with formation of 6-hydroxy-2-methylpyridine- 
3:5-dicarboxylic acid, which melts at 302° and, when heated at 
140—150° with concentrated hydrochloric acid, yields 6-hydroxy-a- 
picoline. 

When ethyl 6-methyl-2-pyrone-3 : 5-dicarboxylate is treated with 
aniline under the conditions described in the experimental part of 
this paper (p. 1031), it is converted into the anilide of ethyl a-acetyl- 
isoaconitate, CO,Et‘CHAc*CH:C(CO,Et)*CO-NHPh, which, with boil- 
ing alcoholic potash, is converted into 1-phenyl-6-methyl-a-pyridone- 
3: 5-dicarboxylic acid, 

CH SO (CO,H)—C 


c(CO, i ):0Me7 N CoH. 
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Some of the substances mentioned above, namely, 6-hydroxy-2. 
methylpyridine-3 : 5-dicarboxylic acid and 6-hydroxy-a-picoline, have 
already been described by Errera (Ber., 1900, 33, 2969), who obtained 
them from the product of the condensation of ethyl ethoxymethylene- 
acetoacetate and ethyl sodiocyanoacetamide. 

Ethyl 6-methy!-2-pyrone-3 : 5-dicarboxylate has been obtained dur- 
ing the course of the present research in four different ways, of which 
the following may be considered first : 


I. Condensation of ethyl ethoxymethylenemalonate and ethyl 
sodioacetoacetate. 

If. Condensation of ethyl ethoxymethyleneacetoacetate and ethyl 
sodiomalonate. 


If it be assumed that ethyl a-acetylisoaconitate is the first product 
of the reaction, then the formation by method I is readily understood : 
(CO,Et),C:CH-OEt +CHNaAc:CO,Et — > 

(CO, Et),C:CH-CHAc°CO,Et -> 
C(CO,Et)-CO, Et C(CO,Et)—CO 
CH<C(co;Et):CMe-oH —> CH<(co;Rt):cMe>?- 

But the formation of this ester by method II necessitates a trans- 
ference of the double linkings : 

(CO,Et),CHNa + EtO-CH:CAc:CO,Et —> 
(CO,Et),CH-CH:CAc:CO,Et -+> 
(CO,Et),C°CH-CHAc’CO,Et. 

This curious transference of the double linking in the cases of 
glutaconic acid and its derivatives has already been observed and dis- 
cussed by Perkin and Tattersall (Trans., 1905, 8'7, 361), and especially 
by J. F. Thorpe (Trans., 1995, 8'7, 1669). 

More difficult of explanation is the fact that ethyl 6-methyl-2- 
pyrone-3 : 5-dicarboxylate is obtained in a quantitative yield from the 
following condensations : 


III. Ethyl ethoxymethyleneacetoacetate and ethyl sodiocyano- 
acetate. 

IV. Ethyl ethoxymethylenecyanoacetate and ethyl sodioaceto- 
acetate. 


The difficulty in these methods of formation is to explain the way in 
which the cyanogen groups react. The following, however, seems the 
most probable explanation. The reaction in the case of IV takes 
place thus: 


CO,Et-C(ON):CH-OEt+CHNaAc‘CO,Et —> 
CO, Et-C(CN):CH-CNaAc:C0,Et. 
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The sodium compound then undergoes internal condensation with 
formation of an unstable imino-compound, 
C(CO,Et)-C(-NH 
CHO ny cOM SO 

which reacts with water with loss of ammonia and separation of ethyl 
§-methyl-2-pyrone-3 : 5-dicarboxylate. Since the intermediate pro- 
duct evidently exists in the solution as a sodium derivative, several 
attempts were made to isolate a methyl derivative by the addition of 
methyl iodide to its alcoholic solution. On the addition of water, 
however, no compound separated, and on acidification only the pyrone 


could be isolated. 


e, have 
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1 dur- 
which 


ethyl 


ethyl 
EXPERIMENTAL. 


duet The two methods which give the best yields of ethyl 6-methyl-2- 
ood : pyrone-3 : 5-dicarboxylate are those mentioned under III and IV in 
the introduction, and as these are much more convenient than I and 
= II, which give only yields of about 50 per cent., they are described 
first. 
Condensation of Ethyl Hthoxymethyleneacetoacetate and 
ing. Ethyl Cyanoacetate. 
Sodium (2°3 grams) was dissolved in alcohol, and to the well-cooled 
solution ethyl cyanoacetate (11:3 grams) was added. When the ethyl 
- sodiocyanoacetate had separated, ethyl ethoxymethyleneacetoacetate 
(18°6 grams) was gradually added, care being taken that no rise in 
temperature took place. 
of The sodium derivative immediately dissolved, the solution assuming 
is- a pale red colour, and, after standing for two or three minutes, ice was 
ly added and the liquid carefully acidified with dilute hydrochloric acid. 


On the addition of the first few drops of acid, the red colour rapidly 
darkened, but on further addition the colour disappeared and a 
colourless solid consisting of ethyl 6-methyl-2-pyrone-3 : 5-dicarboaxylate 
was precipitated.* This was collected and recrystallised from light 
petroleum. The yield was quantitative : 

0°1207 gave 0°2506 CO, and 0°0605 H,O. C=566; H=5°6. 

C,H, ,0, requires C=56°7; H=5°5 per cent. 

Ethyl 6-methyl-2-pyrone-3 : 5-dicarboxylate crystallised from light 
petroleum in long, colourless needles, which melt at 79°5° toa pale 
red oil. It is readily soluble in most organic solvents, but insoluble 
in water. With ferric chloride in alcoholic solution, it gives a violet 
coloration, which deepens considerably on standing. It dissolves 
readily in concentrated sulphuric acid, and the solution gradually 
develops a yellowish-green fluorescence. 

* Ammonium chloride was isolated from the mother liquor on evaporation. 
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Condensation of Ethyl Ethoxymethylenecyanoacetate and 
Ethyl Acetoacetate. 


The ethyl ethoxycyanoacetate required for these experiments was 
obtained by the method described by Bollement (Bull. Soc. chim., 1901, 
[iii], 25,20). The melting point was found to be 55°, and not 52—53° 
as stated by him. The condensation was carried out in a manner 
analogous to the one just described, and gave a quantitative yiald 
of the pyrone. 

0°1154 gave 0°2398 CO, and 0:0585 H,O. C=56-7; H=5°6. 

C,,H,,0, requires C=56°7 ; H=5°5 per cent. 


Condensation of Ethyl Ethoxymethyleneacetoacetate and Ethyl Malonate. 


In carrying out this condensation, sodium (2°3 grams) was dissolved 
in alcohol, and to the cold solution a mixture of ethyl malonate 
(16 grams) and ethyl ethoxymethyleneacetoacetate (18°6 grams) was 
gradually added, care being taken that no rise in temperature took place. 

The solution, which became intensely red, was allowed to stand for 
one hour at the ordinary temperature, ice was added, and the sodium 
salt decomposed with dilute hydrochloric acid, when a viscid, colourless 
oil separated. This was dissolved in ether, the ethereal solution well 
washed with water to remove alcohol, dried, and evaporated. The 
residual red cil was fractionated in small quantities under diminished 
pressure (22 mm.), when it distilled at 230—250°. The red distillate 
solidified completely when cooled in a freezing mixture, and, after 
pressing on porous porcelain to remove a trace of oily impurity, it was 
recrystallised from light petroleum : 

0°1606 gave 0°3355 CO, and 0:0803 H,O. C=56-9; H=5°5. 

C,,H,,0, requires C=56°7 ; H=5°5 per cent. 

The yield was about 50 per cent., but varied somewhat in different 

preparations. 


Condensation of Ethyl Ethoxymethylenemalonate and Ethyl Acetoacetate. 


The method adopted in this condensation was analogous to that 
just described. The yield, however, was not so good, rarely exceeding 
40 per cent. A recrystallised specimen gave the following result on 
analysis : 

0°1399 gave 0°2876 CO, and 0:0694 H,O. C=56:1; H=5°5. 

C,,H,,0, requires C=56-7; H=5°6 per cent. 
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Hydrolysis of Ethyl 6-Methyl-2-pyrone-3 : 5-dicarboxylate. 


I. Hydrolysis with Barium Hydroxide.—The pyrone (5 grams) was 
boiled with excess of a concentrated solution of barium hydroxide for 
an hour, when the ester gradually dissolved with formation of a pale 
brown solution and separation of much barium carbonate. Excess of 
barium hydroxide was removed by means of carbon dioxide, the 
filtered solution concentrated, and, after cooling, acidified with dilute 
hydrochloric acid, when a pale brown powder separated. 

This was collected and recrystallised either from water or a 
mixture of ether and ethyl acetate with the aid of animal charcoal in 
each case ; 

0:1795 gave 0°3571 CO, and 00640 H,O. C=540; H=3-9, 

C,H,O, requires C=54'5; H=3°9 per cent. 

This acid separates from hot water in colourless, microscopic plates. 
It has no definite melting point, but begins to sinter at 268° and 
decomposes completely at 300°. 

It is readily soluble in hot water, ethyl acetate, or acetic acid, but 
only sparingly so in benzene or light petroleum even on boiling. 
With ferric chloride in alcoholic solution it gives no immediate colour, 
but, on standing, a brown coloration gradually appears, and the 
solution exhibits a green fluorescence. 

When titrated in the cold with W/10-sodium hydroxide, it gives 
numbers agreeing with a dibasic acid of the formula C,H,O,. 

1/1212 neutralised 0:0632 NaOH, whereas a dibasic acid, C,H,O,, 
should neutralise 0:0629 NaOH. 

II. Hydrolysis with Algpolic Potassium Hydroxide—The ester 
(10 grams) was boiled with alcoholic potassium hydroxide (10 grams) 
for an hour, when a deep red solution was formed, from which a pale 
red potassium salt gradually separated. The whole was dissolved in 
water, and the brown, fluorescent solution evaporated until free from 
alcohol and acidified with hydrochloric acid, when a yellowish brown 
solid (5 grams) was obtained ; this was collected and recrystallised 
from water with the aid of animal charcoal : 

0°1308 gave 0°2612 CO, and 0:0389 H,O. C=545; H=3:3. 

C,H,0, requires C=54°5 ; H=3-9 per cent. 

This substance was identical with the acid obtained by the hydrolysis 

with barium hydroxide. 


The Methyl Ester of the Acid C,H,0,. 


In preparing this substance, the acid (3 grams) was bviled with 
tnethyl alcohol (30 ¢.c.) and sulphuric acid (3 ¢.c.) for two hours, when, 
VOL, XCIII. 3 Y 
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on cooling, the methyl ester crystallised out. The ester was dissolved 
in ether, the ethereal solution was washed with sodium carbonate and 
water, dried, and, after evaporating the ether, the residue was 
purified by crystallisation from light petroleum : 

0°1306 gave 0°2827 CO, and 0:0656 H,O. C=59:0; H=5°6. 

01415 ,, 03098 CO, ,, 60679 H,O. C=596; H=5°'3. 

C,H,,0, requires C=59'3 ; H=5-4 per cent. 

This methyl ester separates from light petroleum or methyl alcohol 
in colourless, long, silky needles, which melt at 106°. Its alcoholic 
solution gives no colour with ferric chloride. 


The Ethyl Ester, C,,H,,0,. 


The ethyl ester of the acid C,H,0, was prepared in a manner similar 
to the above. It crystallised from light petroleum in clusters of 
colourless needles melting at 48°: 

0:1179 gave 0:2693 CO, and 0:0652 H,O. C=62:2; H=6:2. 

C,,H,,0, requires C= 62°8 ; H=6°7 per cent. 

Hydrolysis of the Methyl Hster.—In order to be certain that no 
change had taken place during the esterification, the methyl ester 
(2 grams) was boiled with 25 c.c. of 25 per cent. hydrochloric acid for 
three hours. After cooling, the solution was saturated with ammonium 
sulphate, and the acid which separated was extracted with ether. 
After removal of the ether, the acid was crystallised from water and 
dried at 110°. 

01209 gave 0°2415 CO, and 0:0461 H,O. C=544; H=4°2. 

C,H,O, requires C=54°5 ; H=3°9 per cent. 

That the acid was identical with that obtained by the barium 
hydroxide hydrolysis described above was shown by the decomposition 
point (300°), and by the following titration : 

0°0875 neutralised 0°046 NaOH, whereas a dibasic acid, C,H,0, 
should neutralise 0°046 NaOH. 


Action of Ammonia on Ethyl 6-Methyl-2-pyrone-3 : 5-dicarboxylate. 
Formation of Ethyl Ammonium 6-Hydroxy-2-methylpyridine-3 :5- 
oa C(CO,*NH,)*C(OH) 
dicarboxylate, CH<C(C0,Et) — —omo 


When ethyl 6-methyl-2-pyrone-3 :5-dicarboxylate (3 grams) is 
ground up with water (5 c.c.) and mixed with strong ammonia (5 c.c.), 
much heat is generated, and the colourless 2-pyrone is converted into 
a pink solid. This was collected, washed with a little water, and 
drained on porous porcelain, when 3 grams of the ammonium salt were 
obtained ; this was crystallised from dilute alcohol and dried at 100°: 


ilcohol 
Oholie 
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0:1145 gave 0°2081 CO, and 0:0589 H,O. C=495; H=5°7. 
01889 ,, 17°8c.c. of nitrogen at 15° and 770mm, N=11°2., 
C,)H,,0;N, requires C=49°6 ; H=5°8; N=11°5 per cent. 


This substance, which evidently consisted of ethyl ammonium 
6-hydroxy-2-methylpyridine-3 : 5-dicarboxylate, in which it is assumed 
that the carboxyl group in the position 5 has been hydrolysed, melted 
at_ 263—265° with decomposition. 

It is sparingly soluble in most organic solvents, but separates from 
water or dilute alcohol as a pale yellow powder, which, under the 
microscope, was seen to consist of stellate clusters of needles. Its 
alcoholic solution exhibits a characteristic blue fluorescence, but gives 
no colour with ferric chloride. 

Its aqueous solution gives with silver nitrate solution a volu- 
minous precipitate of the silver salt : 


0:2014 gave 00655 Ag. Ag=32°5. 
C,)H,,0;NAg requires Ag = 32°5 per cent. 


Action of Hydrochloric Acid on Ethyl Ammonium 6-Hydroay-2- 
methylpyridine-3 : 5-dicarboxylate. 


Attention has already been drawn to the fact in the introduction 
that, when ethyl ammonium 6-hydroxy-2-methylpyridine-3 : 5-dicarb- 
oxylate is treated with hydrochloric acid, it undergoes a strange decom- 
position, and is converted into a substance to which the following 
formula may possibly be ascribed : 

C———-C(OH 
on? co. \w-onr, 
\c(Co, Et): CMe 


The ammonium salt (2 grams) was mixed with water (5 c.c.), a few 
c.c. of dilute hydrochloric acid were added, and the pasty mass was 
triturated in a mortar. After standing for about ten minutes, the 
pale yellow powder was collected, crystallised from alcohol with the 
aid of animal charcoal, and dried at 110°: 


0:1311 gave 0-2574 CO, and 0°0607 H,O. C=53:5; H=5:l. 
01717 ,, 91 cc. of nitrogen at 12° and 770mm. N=6-4. 
C,)H,,0,N requires C=53°3 ; H=4°9; N=6°2 per cent. 


The substance melts at 223° and is insoluble in water, but readily 
soluble in hot alcohol, from which it separates in beautiful sulphur- 
yellow, prismatic needles. It dissolves only sparingly in ether, light 
petroleum, or ethyl acetate even on boiling. Its alcoholic solution. 


3Y¥2 


1030 SIMONSEN : ETHYL 6-METHYL-2-PYRONE- 


shows a characteristic blue fluorescence, but gives no colour with ferric 
chloride. 

That this substance is not the acid ester, 

zC(CO,H)-C(OH) 
CH< Eo! OM 

is shown by the fact that it is quite insoluble in cold dilute sodium 
carbonate solution, and even on boiling it dissolves only sparingly ; 
it is, however, readily soluble in dilute aqueous potassium hydr. 
oxide. Concentrated ammonia immediately reconverts it into the 
ammonium salt from which it was obtained. When hydrolysed 
with alcoholic potash, it is converted into 6-hydroxy-2-methylpyridine- 
3 : 5-dicarboxylic acid. 


6-Hydroay-2-methylpyrdine-3 : 5-dicarboaxylic Acid, 


Z0(CO,H)-C(OH) 
CH<CG0;8 OM. 

This acid, which has already been described by Errera (oc. cit.), is 
best obtained when ethyl ammonium 6-hydroxy-2-methylpyridine- 
3 :5-dicarboxylate is boiled with excess of alcoholic potash until no 
further evolution of ammonia can be detected. 

After freeing the solution from alcohol by evaporation and 
acidifying, the free acid separated as a pale yellow, crystalline powder, 
which, after crystallising from hot water with the aid of animal 
charcoal, was obtained in colourless, prismatic, needles containing, 
when dried at 100°, half a molecule of water of crystallisation : 

0°1273 gave 0°2182 CO, and 0°0479 H,O. C=46-7; H=4:2. 

01346 ,, 8lc.c. of nitrogen at 15° and 740mm. N=6°9. 

.C,H,0,N,3H,O requires C= 466 ; H=3'9; N=6'8 per cent. 

When dried at 115°, the anhydrous acid was obtained : 

0°1423 gave 0°2558 CO, and 0°0447 H,O. C=49:1; H=3'5. 

C,H,0,N requires C= 48°7 ; H=3°5 per cent. 
6-Hydroxy-2-methylpyridine-3 : 5-dicarboxylic acid has a decomposi- 
tion point which varies considerably with the method of heating ; 
when fairly rapidly heated, it decomposes quite sharply at 302° 
(Errera gives 303°). 

It is readily soluble in hot water or alcohol, but only sparingly so 
in ether, benzene, acetic acid, or ethyl acetate, and its solution gives no 
colour with ferric chloride. 

Contrary to the statement of Errera (loc. cit., p. 2971), 6-hydroxy- 
2-methylpyridine-3 : 5-dicarboxylic acid exhibits a great tendency to 
form well-characterised crystalline salts. 

A faintly alkaline solution of its ammonium salt gives with barium 
chloride an immediate gelatinous precipitate, which on boiling 
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crystallises and, under the microscope, is seen to consist of beautiful 
clusters of needles. The copper salt is also highly characteristic, and 
crystallises in masses of striated plates. The acid also readily forms 
insoluble si/ver and calcium salts. The bariwm salt was selected for 
analysis, After drying at 115° until constant, it gave the following 
result : 
0'3107 gave 0:1974 BaSO,. Ba=37-4. 

C,H,0,;N Ba,2H,O requires Ba = 37:2 per cent. 


6-Hydroxy-a-picoline. 


As has been stated by Errera (Joc. cit., 2971), this substance is 
readily obtained from 6-hydroxy-2-methylpyridine-3 : 5-dicarboxylic acid 
by heating in a sealed tube with concentrated hydrochloric acid for about 
one hour at 140—150°. The clear solution is evaporated to dryness, 
and the residual crude hydrochloride crystallises from a mixture of 
chloroform and alcohol, when it is readily obtained pure in colourless 
plates containing one molecule of water of crystallisation, which is 
not removed in a vacuum over sulphuric acid : 

0:1284 gave 0°1121 AgCl. Cl=21°6. 

C,H,OCI,H,O requires Cl = 21°7 per cent. 
6-Hydroxy-a-picoline hydrochloride melts at 117—118°, and could 
not be obtained in a pure anhydrous condition, since when dried at 
100° it slowly loses hydrogen chloride. 

6-Hydroxy-a-picoline is readily obtained when an aqueous solution 
of the hydrochloride is neutralised with sodium carbonate. On the 
addition of ammonium sulphate, the base separates in long, silky 
needles containing water of crystallisation. After drying at 100° 
and recrystallising from benzene, it melted at 159° : 

0:1503 gave 0°3624 CO, and 0:0859 H,O. C=65°3; H=6°3. 
C,H,ON requires C=66:1; H=6°4 per cent. 


Action of Aniline on Ethyl 6-Methyl-2-pyrone-3 : 5-dicarboxylate. 
Formation of the Anilide of Ethyl a-Acetylisoaconitate, 
CO,Et-CH Ac*CH:C(CO,Et):CO-N HPh. 

Ethyl 6-methyl-2-pyrone-3 : 5-dicarboxylate (5 grams) was dissolved 
in aniline (4 grams) and heated for three hours on the water-bath. 
After cooling, alcohol was added, when a colourless, crystalline solid 
separated. This was collected and recrystallised from alcohol, from 
which it separated in lustrous, thin plates resembling acetanilide, which 
melt at 188°: 

0°1357 gave 03114 CO, and 0:0752 H,O. C=62°6; H=6'l. 
C,,H,,0,N requires C =62°3 ; H=6°0 per cent. 
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The anilide of ethyl a-acetylisouconitate is readily soluble in chloro- 
form, acetone, ethyl acetate, or hot alcohol, but only sparingly so in 
benzene or ether. Its alcoholic solution gives with ferric chloride a 
deep brown coloration. 

Since it is insoluble in sodium carbonate, it cannot have the con- 
stitution NHPh:CMe:C(CO,Et)*CH:0(CO,Et)*CO,H, which would be 
analogous to the substance obtained by von Pechmann and Welsh 
(Ber., 1884, 1'7, 2393) by the action of aniline on ethyl coumalinate : 


CH-C0,H 
CH< G60, H): <cH>? > CH<0(c0,H):CH-NHPh’ 


1-Phenyl-6-methyl-2-pyridone-3 : 5-dicarboxylic Acid, 
C(CO,H) 
CH<C(CO8H):oMe> NED 
This acid was prepared by boiling the anilide of ethyl a-acety]- 
isoaconitate with excess of alcoholic potash for a short time. After 
removing ‘the alcohol and acidifying, the acid was obtained as a pale 


yellow solid, which was crystallised from dilute alcohol with the aid of 
animal charcoal : 


0°1191 gave 02675 CO, and 0:0478 H,O. C=61:2; H=4°4. 
C,,H,,0;N requires C=61'5 ; H=4-0 per cent. 
1-Phenyl-6-methyl-2-pyridone-3 : 5-dicarboxylic acid separates from 
alcohol in colourless, feathery needles, which melt with decomposition 
at 265—267°. It is readily soluble in hot alcohol, benzene, or ethyl 
acetate, but only sparingly so in water or ether. Its solution gives no 
colour with ferric chloride. 

On the addition of silver nitrate to a faintly alkaline solution of its 
ammonium salt, the s:/ver salt is obtained as a microcrystalline 
powder : 

0°1010 gave 0:0499 Ag. Ag=44-4, 

C,,H,O;NAg, requires Ag = 44'3 per cent. 
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CI.—The Melting Points of the Anilides, p-Toluidides, 
and a-Naphthalides of the Normal Fatty Acids, 


By Partie WILFRED RoBeERTsoN. 


Untit von Baeyer showed that the melting points of the normal fatty 
acids alternately rose and fell with each successive addition of a carbon 
atom to the hydrocarbon chain, and that a regular series of numbers 
could be obtained only by considering the odd or even members 
separately, it had generally been recognised that the melting points of 
an homologous series increased regularly with the number of carbon 
atoms in the molecule. Owing to lack of data, a similar relationship 
has been established only in a very few cases ; as examples may be 
cited the dibasic acids of the oxalic series and the substituted malonic 
acids. In both these cases, in order to obtain a regular series of 
melting points, it is necessary separately to consider the odd and even 
members, and then the general result is a fall to a minimum followed 
by a gradual rise. Very complete data are also available for another 
series, namely, the amides of the fatty acids (table I). But here the 
utmost irregularity appears to prevail even when a separate com- 
parison is made among the odd or even members. As the available 


data for the corresponding anilides showed traces of a similar irregu- 
larity, it was decided to complete the series as far as possible and to 
prepare the missing compounds. Then, finally, to throw more light 
on the whole problem and to endeavour to obtain a more definite 
insight into the relationships between the melting point and the 
number of carbon atoms in such homologous series, the p-toluidides 
and a-naphthalides of the normal fatty acids were also prepared. 


TABLE I. 


Number of carbon Awides, Anilides. p-Toluidides, 
atoms in acid. M.p. M.p. 
2 82° 112° 
79° 105° 
115 y 
115 


95 


4 

5 

6 

7 

8 

9 92 

10 98 

11 81 
12 112 68* 
14 102 84 
16 101 90 
18 109 94 


* Determinations by the author. 
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A consideration of the above series shows that there is a tendency 
to regularity in the irregularity itself. Thus, among the even 
members of the anilides and p-toluidides, it is seen that there isa 
considerable fall from the second to the fourth member, followed by a 
slight rise and then another fall, and that after the eighth member the 
melting points continue to rise, although in both series the derivative 
of the twelfth acid has a melting point considerably lower than might 
be expected from its position in the series. If, now, attention is 
directed to the amides, it is observed that the irregularity tends in 
the reverse direction. There is a considerable rise from the second to 
the fourth member, followed by a fall, and then again another rise and 
again a fall to the tenth member, each change being exactly in the 
reverse direction to that observed among either the anilides or p-tolu- 
idides ; further, the C,, amide has a higher melting point than the 
contiguous members, whereas it was noticed that the melting points 
of the corresponding avilide and p-toluidide appeared abnormally low, 
Also among the odd members the same general tendencies are observ- 
able, there being a rise followed by a fall in the case of the first three 
uneven amides, whilst the reverse is true for the other two series. 

Considerations of this nature seem clearly to indicate that there is 
some definite factor exerting an influence in the one case tending to 
lower the melting points, and in the other case having the reverse 
effect. The exact nature of this disturbing influence is difficult to 
realise, but the suggestion is tentatively ventured that it is some 
function of the symmetry or rather lack of symmetry of the molecule, 
There appears no doubt that molecular symmetry has not an incon- 
siderable influence on the melting point, as has been definitely 
established from the investigation of isomeric compounds, it being 
- almost universally observed that the most symmetrical isomeride has 
the highest melting point. It appears then to be a legitimate 
assumption to make that if the arithmetical mean of the melting 
points of the amides and anilides and of the amides and p-toluidides 
was taken, then this disturbing factor might be to some extent 
eliminated and two regular series should be expected. This is actually 
found to be the case (table IT), 

The numbers for the odd members decrease regularly as far as the 
data are available. The results for the even members are plotted in 
Fig. 1. The curve for the amides and p-toluidides reaches a minimum 
at the sixth member and then rises gradually, and the corresponding 
curve for the amides and anilides shows a minimum at the tenth 
member and a maximum at the fourth. The occurrence of this 
maximum can scarcely be considered as an irregularity, as it has been 
previously observed that a maximum and minimum occur in the same 
series at a difference of six carbon atoms (compare the molecular 
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Taste II.—Mean of Melting Points. 
Number of carben 
atoms in acid. Amide and anilide. Amide and p-toluidide. 
117°5 
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6 8 


Number of carbon atoms in acids. 


depressions of the fatty esters in phenol solution, Trans., 1905, 87, 
1581), a result which can possibly be correlated with the fact that a 
chain of six carbon atoms bends round on itself in space. On taking 
the mean of the two curves (Fig. 1), further influences of the 
disturbing factor, whether it be lack of symmetry or some other 
cause, appear to be eliminated, and the resultant dotted curve is 
quite regular. It can scarcely be imagined that the regularity and 
symmetry of this dotted curve is altogether accidental, and it may be 
considered as a typical melting-point curve for compounds of the 
general formula CH,*[ CH, },*CO*NHX, after the disturbing influences 
of alterations in symmetry have been eliminated. 
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Finally, a series was investigated, namely, the fatty a-naphthyl- 
alides (table III), in which the grouping X was heavier. The same 
alteration between the odd and even members persists, but the other 
irregularities have disappeared ; the compounds with an even number 
of carbon atoms form a regular series with a minimum at the eighth 
member, and there is a similar odd series falling to a minimum at 
the ninth member. 


Tasie III, 


Number of carbon 
atoms in acid. 


Melting points of 
a-naphthalides. 


Number of carbon 
atoms in acid, 
9 


Melting points of 
a-naphthalides, 
91* 


2 

3 116°* 10 99* 

11 92* 

111* 12 

14 

106* 16 
18 


* Determinations by the author. 


EXPERIMENTAL. 


The anilides, p-toluidides, and a-naphthalides described in the 
present paper were prepared by the following method. A mixture of 
1 to 3 grams of the fatty acid and the equivalent amount of amine 
was heated in a sealed tube to 160—190° for eight to twelve hours. 
In no case was any pressure observed in the tube after cooling. The 
product of the reaction, generally a solid or an oil which soon solidified, 
was purified by recrystallisation from aqueous alcohol, or, in the case 
of the derivatives of the higher fatty acids, absolute alcohol. In 
certain cases, when the product tended to be oily, it was found 
advisable first to spread the mass on a porous tile and leave for twenty- 
four hours before recrystallisation. The yields varied between 30 and 
80 per cent., depending largely on the degree of purity of the fatty 
acid employed. The anilides and p-toluidides were pure white or 
faintly yellow ; the a-naphthalides generally had a pink colour, not 
unlike that which a-naphthylamine acquires on contact with the air. 
On boiling in alcoholic solution with animal charcoal, all traces of pink 
colour could be removed without, however, affecting the melting point. 
When pure, the a-naphthalides were completely free from the objection- 
able odour of the base. 

On page 1037 are the new compounds described, with the results of 
the analyses ; 
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TABLE IV. 


Percentage of nitrogen 

Compound. Formula. Pp found. theory. 
n-Octanilide C,,H.,ON 
n-Nonanilide 
n-Decanilide 
n-Undecanilide 
Lauranilide 
n-Butyro-p-toluidide 
n- Valero-p-toluidide ........ ... 
n-Hexo-p-toluidide . 
n-Hepto-p-toluidide 
n-Octo-p-toluidide 
n-Nono-p-toluidide ............ 
n-Deco-p-toluidide 
n-Undeco-p-toluidide 
Lauro-p-toluidide 
Myristo-p-tolnidide 
Palmito-p-toluidide 
Stearo-p-toluidide 
Propio-a-naphthalide 
n-Butyro-a-naphthalide 
n-Valero-a-naphthalide 
n-Hexo-a-naphthalide 
Hepto-a-naphthalide 
Octo-a-naphthalide 
Nono-a-naphthalide ............ 
Deco-a-naphthalide ........... 
Undeco-a-naphthalide ......... 
Lauro-a-naphthalide 
Myristo-a-naphthalide 
Palmito-a-naphthalide 
Stearo-a-naphthalide 


fon) 
rs 
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The above research was begun some years ago in New Zealand 
under the direction of Prof. Easterfield, to whom my best thanks are 
due for his kind interest and helpful advice, and finished in Oxford. 


TRINITY COLLEGE, 
OXFORD. 


CIl.—The Volumetric Estimation of Silver. 


By WituramM Rosert Lane and Jonny Opins WooDHOUSE. 


In this journal (Lang and Allen, Trans., 1907, 91, 1370) there was 
described an apparatus for the estimation of sulphates and salts of 
barium based on the rapid clearing of turbid solutions in narrow 
tubes. The same apparatus was used to determine silver by standard 
sodium chloride with a view to improving on the well-known Gay- 
Lussac method, but great difficulty was experienced in determining the 
end-point, the silver solutions not clearing sufficiently rapidly. The 
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apparatus was therefore modified considerably, with the result that 
estimations of silver were done in half an hour with an average error 
of less than a-tenth of one per cent. 

The principal differences from the former apparatus were the use of 
fine sand to retain the silver chloride precipitate, the replacement of 
the funnel by a short piece of thin-walled glass tubing, which enables 
the slightest opalescence to be easily observed, and the permanent 
attachment to an exhaust for washing the precipitate and solution 
down the tube. 

A rubber cork, pierced with two holes, is inserted in a flask, A, of 
about 600 c.c. capacity. Through it passes a tube, C, of about 60 mm, 
diameter, fitted with a stopcock, D, and to its upper end is sealed 
about 4 cm. of a thin test-tube, Z, of 1—1:5 cm. diameter. About 
8 cm. from the lower end of the tube C,a plug of glass-wool ig 
inserted and the remainder filled with sand, previously washed free 


from impurities. The sand is held in its place by a second plug 
of glass-wool, and the curved piece of tubing, B, filled with glass-wool 
and attached to C by a small piece of rubber tubing. The curved 
portion may, of course, be sealed on, but in these circumstances is 
not so readily filled. This prevents the back suction from displacing 
thesand. Through the second hole in the cork a small piece of tubing 
passes, connected by a length of rubber tubing, ¥.M, to a three-way 
tap, H. J isasmall hand aspirator to force a portion of the contents 
of A up the tube C for titration in Z, whilst K leads to the exhaust 
pump. It is advisable to have a space between the tap H and the 
water pump, as this ensures there always being a ready vacuum avail- 
able the moment the connexion is made through H to the flask. 

The first set of experiments was made with quantities of a solution 
of silver nitrate of known strength, using WV/10 sodium chloride in 
excess as precipitant, and titrating back with 4/10 silver nitrate. A 
portion of the silver solution, equivalent to 0°5 gram of silver, is 
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placed in the flask A and diluted to about 100c.c. with distilled water, 
50 c.c. of the V/10 sodium chloride solution is then run into the flask 
directly, and the whole heated to boiling to coagulate the precipitated 
silver chloride. 

N/10 Silver nitrate is then run in directly to the solution and 
precipitate up to within a few c.c. of the calculated amount necessary. 
The rubber cork with its attachment is replaced and the three-way 
tap, H, opened, and air drawn through the solution for a few minutes. 
This materially assists the settling of the precipitate. The tap is 
adjusted, and by means of the aspirator, J, some of the liquid and 
precipitate forced through the layer of sind and glass-wool* into Z£, 
which it reaches in a perfectly clear condition, the silver chloride 
being completely retained by the sand. A drop of 4/10 silver nitrate 
is added, when a precipitate is formed, varying in intensity with the 
excess of salt still present. The liquid and precipitate are then sucked 
and washed down into A, and, if the thickness of the precipitate 
justifies it, about 1 ¢.c. of the silver solution is added directly to the 
contents of the flask. The stopper is again inserted, and the operation 
of forcing the mixture up into Z, titrating, and washing down again, 
continued until no change is visible in the clear liquid, when a drop 
of the silver solution is added. The thin walls of Z render the 
faintest opalescence readily observable, more particularly if a corre- 
sponding glass tube containing distilled water be used for compa”ison. 
The results of the first set of experiments are as follows : 

In each case, 50 c.c. of silver nitrate solution were employed 
(=0°5 gram Ag) and 50 c.c. of a solution of sodium chloride added, 
each c.c. of which is equivalent to 0:01081 gram Ag. This corresponds 
with 50°0463 c.c. ¥/10 sodium chloride. On titrating back and calcu- 
lating the amount of silver equivalent to the nett sodium chloride 
used by the sample, the errors varied from zero to + 0°54 per cent. 
Fach titration required twenty minutes. 

In order to reduce this error, if possible, samples containing 1 gram 
of silver were taken, 100 c.c. of sodium chloride added (1 c¢.c.= 
001081 gram Ag), and the excess titrated back with 1/100 silver 
nitrate solution (table I). 

As in analyses of silver alloys by Gay-Lussac’s method, the precipita- 
tion is effected in the presence of free nitric acid, a series of experiments 
was carried out to ascertain the effect of varying proportions of acid. 
The volume of the solution containing 1 gram of silver was 100 c.c. ; 
the amount of acid varied from 10 ¢.c. to 50 c.c., and the resulting 
errors from +0:094 to -—0°216 per cent., the mean error being 
~ 00634 per cent., the presence of the nitric acid thus tending to 
make the precipitation more complete. 

* Glass-wool and asbestos were found to be incapable of retaining the precipitate. 
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TaBLeE I, 


N/100-AgNO, Nett Diff. in 
Grams Ag used to titrate W/10-NaCl Equiv. to Ag found, Error 
employed. back,inc.c. used,ine.c. grams Ag. in geams, per cent, 
72°00 92°8926 1°0032 0°0032 +0°32 
76°20 92°4726 0'9987 0°0013 - 0°13 
75°05 92-5876 099994 000006 — 0°006 
73°20 92°7726 1°0019 0°0019 +0°19 
72°30 92°8626 170029 00029 +0°29 
Average error= + 0°266 per cent. and 0°068 per cent. Mean error=0°198 per cent, 
Average time taken =27 minutes, 


To test the usefulness of this apparatus as applied to the practical 
estimation of silver in bullion, the usual conditions under which this 
is done by the Gay-Lussac method were adhered to, namely, 1 gram 
of pure silver dissolved in about 15 ce.c. of nitric acid, 100 c.c. of 
NV/10 sodium chloride added, and the excess titrated with V/100 silver 
nitrate. (When necessary, any excess of silver solution added was 
titrated with V/100 sodium chloride.) 

The following table contains the results of these experiments, and 


the time taken: 
TABLE II. 


N/100-AgNO, Nett Diff. in 
Grams Ag used totitrate N/10-NaCl Equiv. to Ag found, Error 
employed. back, ine.c. used, in c.e. grams Ag. in grams. per cent. 
1°004 72°00 92°8926 1°0032 0°0008 — 0°08 
1:000 73°30 92°7626 1:0018 0°0018 +0°18 
0°9994 74°75 92°6176 1°00027 000087 + 0°087 
1°0018 73°80 92°7126 1°00129 0°0005 — 0°05 
1°0034 73°00 92-7926 1°0021 0°0013 —0°13 
1°0030 72°30 92°8626 1°0029 0°0001 - 0°01 
1°0035 72°30 92°8626 1°0029 00006 — 0°06 
Average error= —0°066 per cent. and +0°133 per cent. 
Mean error= ~0°067 per cent. Average time taken=30 minutes. 


It may be added that no excessive shaking up of the mixture is 
required other than sufficient to ensure proper mixing after each 
addition of the reagent. 
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(I11.—The Polarimetric Study of Intramolecular Re- 
arrangement in Inactive Substances. 


By Tomas Stewart Patrerson AnD ANDREW McMILLan, 
M.A., B.Sc. (Carnegie Research Scholar). 


In two recent papers (Trans., 1907, 91, 504; Ber., 1907, 40, 2564), 
we have shown that when certain inactive compounds capable of 
undergoing intramolecular rearrangement are dissolved in active 
liquids, it is possible to follow the change of constitution of the 
inactive substance by observing a corresponding alteration in the 
rotation of the active solvent. We showed that the syn-form of 
benzaldoxime and of anisaldoxime has a much more pronounced 
effect on the rotation of ethyl tartrate than has the corresponding 
anti-oxime, so that in a solution containing only one or two per cent. 
of optically inactive substance, the velocity of rearrangement can 
easily be observed and can be measured with fair accuracy. 

This behaviour seems to apply to aromatic aldoximes generally, the 
two forms of which have different solvent influences, not only on ethyl 
tartrate, but also on methyl- and n-propyl-tartrate and methyl., 
ethyl-, and 2-propyl-malate. That the process is not confined only 
to oximes was proved by an experiment with ethyl formylphenyl- 
acetate, in which the change from the enol-form to the aldo-form 
could be traced by observing the gradual increase in the rotation of 
ethyl tartrate in which the substance was dissolved. 

The present paper gives an account of some further experiments 
which we have carried out on this subject with a view partly to 
extend the scope of the method to include other types of intra- 
molecular change, partly to ascertain more definitely the most 
favourable procedure, and partly to obtain greater accuracy in the 
numerical results. The last of these desiderata has been rendered 
possible by the generosity of the Carnegie Trustees for the Universities 
of Scotland, who have placed at the disposal of one of us an excellent 
Schmidt and Haensch polarimeter together with a thermostat of his 
own design for use with it. 

The thermostat is a large copper bath, about 50 litres capacity, 
through which passes a copper tube wide enough to contain the 
polarimeter tubes. This tube is closed at each end by glass disks, and 
the whole apparatus is so arranged that the axes of the instrument 
and the polarimeter tube lying in the thermostat coincide. The 
water in the thermostat is well stirred, and the temperature is kept 
constant by means of a thermo-regulator designed by one of us 
(J. Soc. Chem. Ind., 1902, 21, 456). This regulator has two bulbs, 
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and is filled with about 80 c.c. of benzene. Its accuracy leaves 
little to be desired; the bath can very easily be brought to 
any desired temperature (within reasonable limits), and can be kept 
within 0°01° of that temperature for weeks at a time without the 
slightest trouble. 

As our own former experiments seemed to show that the purity of the 
active substance used is of importance in determining the velocity of 
transformition of a labile substance dissolved in it, we first in- 
vestigated the effect of repeated distillation of the ethyl tartrate. As 
it may be of some importance for later reference, we give an outline of 
our preparation of the ester. A mixture of tartaric acid with about 
twice its weight of alcohol was saturated with hydrogen chloride. The 
excess of alcohol was then distilled off under diminished pressure 
(using a water-bath), the original quantity of alcohol added, and the 
saturation and distillation repeated. The ethyl tartrate was then 
distilled under reduced pressure, without separation into fractions, 
and the product was redistilled, a first fraction being rejected. We 
shall refer to ethyl tartrate prepared in this way as “ twice distilled,” 
but, of course, it is obv:ous that this is only a very rough way of 
indicating the purity of the ester, which would depend on the size of 
the rejected fraction. 

As a suitable l:bile compound, we have used mo,tly piperonalsyn- 
oxime. It was prepared by passing dry hydrogen chloride into a 
flask containing the anti-oxime dissolved in ether (not by bubbling 
the gas through the liquid), and then decomposing the precipitated 
hydrochloride by excess of sodium carbonate solution. The impure 
syn-oxime, after drying on a porous plate, was subjected anew to the 
whole process, and the resulting product crystallised from methyl 
alcohol. For each experiment, it was recrystallised a few hours 
before the solution was made up; M. p. 146°. 

A solution containing 4°98 per cent.* of this syn-oxime in the ethyl 
tartrate “ twice distilled ” was then examined in the polarimeter from 
time to time with the following results. (7’=time in minutes from 
the preparation of the solution, a= total change in Te between 


T, and 7,, & is calculated from the equation: k= Flog. ae 
a- 


where « is the change in rotation after time 7.) 


* In the tables, the concentration is expressed throughout in terms of ethyl 
tartrate per 100 grams of solution. 
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Piperonalsynoxime in Ethyl Tartrate “ Twice Distilled.” 
I. p=95°02. Temperature, 20°, a= 2-672°. 


T(min.). @2°(100mm.). 1000 &. T(min.). a2" (100 mm.). 1000 &. 

0 +14°11° — 1505 12°39° 0°685 

55 14°012 0°680 1705 12°28 0°677 

185 13°80 0°665 2010 12°125 0°676 

300 13°60 0°706 2760 11°840 0°686 
800 12°955 0°723 roe) 11°438 _- 

1245 12°55 0°704 Mean 0°'689 


The ethyl tartrate was then redistilled, a first fraction of about 
one-fifth being rejected, and with the ester thus purified two solutions 
of the same strength as before were made up and examined 
polarimetrically with these results : 


Piperonalsynoxime in Ethyl Tartrate “ Three Times Distilled.” 


II. p=94'97. Temperature, 20°. | III. p=94:'95. Temperature, 20°. 
a= 2°946°. a= 2°948°, 

T(min.). a2 (100 mm.). 1000 % =| T(min.). a””’(100 mm.). 1000 &. 
0 4+14°40° mod * +14°40° om 
60 14°339 0°346 | 50 14°35 0°352 
140 14°257 0°355 130 14°266 0°360 
250 14°140 0°372 | 430 14°01 0°337 
375 13°982 0°382 | 1190 13°396 0°349 
1140 13°416 0°356 | 1675 13°06 0°362 
2985 12°546 0333 | 2600 12°653 0°345 
4160 12°182 0332 | oe) 11°452 


ro) 11°454 Mean 0'351 


Mean 0'354 Mean of both series 0°352 


The mean values of the constant in these two independent 
experiments differ by less than 1 per cent., which, considering that the 
total change is something less than 3°, must be regarded as very 
satisfactory. 

It is clear that the third distillation effected a considerable 
purification, since the value of 1000 & has fallen from 0°689 to 0°352, or 
almost to one-half. The ethyl tartrate was then redistilled as before 
and a fourth solution prepared, to which, with the object of 
hastening the reaction, a drop of alcohol was added. The result was as 
follows : 


Piperonalsynoxime in Ethyl Tartrate “ Four Times Distilled.” 
IV. p=94:94. Temperature, 20°. w=2°736°. 


T(min.), a2” (100 mm.). 1000% | Z(min.). a2*(100 mm.). 1000 &. 

0 14°18° — 1165 13°744° 0-149 
50 14:16 0°152 0 11°444 — 

105 14°136 0-149 Mean 0°150 
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The fourth distillation had thus effected a further considerable 
purification ; the value of £ was this time rather more than halved, so 
that the presence of the drop of alcohol can have had very little, if 
any, accelerating effect. The reaction was so slow that more than 
three weeks elapsed before the rotation reached a final value. Pre. 
sumably, continued distillation would reduce the velocity still further, 
and it would seem that in this procedure we have a test much more 
delicate than any other for ascertaining the purity of this and probably 
also other active esters. 

These results have two important bearings. They show, firstly, that 
a set of observations obtained for a certain oxime with one specimen of 
ethyl tartrate or other ester must only be compared very cautiously 
with results got by using a different sample of active indicator, and, 
secondly, that itis not possible to compare with absolute accuracy the 
velocity of transformation of an inactive substance in one ester, say 
ethyl tartrate, with its rate of transformation in another ester, say 
n-propyl tartrate, since we have at present no means of deciding when 
the two esters are of exactly the same degree of purity. This latter 
consideration applies to our recently published work (Ber., 1907, 40, 
2564), in which we compared the velocity of transformation of anis- 
synaldoxime in several esters. Nevertheless, since the esters used had 
all been prepared and purified in the same manner, any results 
obtained by comparison of the data quoted are, doubtless, not far 
from the truth. 

It is clear that a highly purified ester is not very suitable for the 
study of intramolecular rearrangement by our method, since the 
experiments take so long to run to completion. We therefore used 
for the following} quantitative experiments with piperonalsynoxime, a 
fresh sample of ethyl tartrate “ twice distilled,” and, in order to have 
some standard by means of which our present data may be compared 
with those given in previous papers, we first determined the velocity 
of transformation of a specimen of anissynaldoxime twice precipitated 
as hydrochloride and crystallised, first from methyl alcohol, and then 
from benzene (m. p. 133°) : 


Anissynaldoxime in Ethyl Tartrate “ Twice Distilled.” 


p=95°0. Temperature, 20°. a=3-°188°. 


T(min.). a2°(100 mm.). 1000%, ,; T(min.). «2% (100 mm.). 1000 & 
0 14°25° -— 375 12°512° 2°10 
65 13°816 2°25 450 12°218 2°25 
105 13°556 2°30 520 12°182 2°00 
185 13°164 2°25 | 1405 12°264 1°96 
245 12904 2°24 ro) 11°062 anh 
295 12°748 215 | Mean 2°17 
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The total change of rotation is thus very nearly the same as that 
(a= 3'008°) observed in the experiment with anisaldoxime already 
described (Ber., 1907, 40, 2567), but the value of 1000 & (2°17) is 
greater than that previously found (1°83). This is due to the fact 
that the ester used in the experiment quoted had been three times 
distilled, and was therefore somewhat purer than that with which the 
above data were obtained. 


The Influence of Temperature on the Rearrangement of 
Piperonalsynoxime. 


With the above sample of ethyl tartrate (1000 & for anisaldoxime = 
2:17), we carried out a number of experiments with piperonalsynoxime 
at different temperatures, commencing at 20° and rising by two degrees 
each time to 30°, the delicacy of the reaction making it easily possible 
to proceed by small increments. At each temperature, two solutions 
of the same concentration (as nearly as possible 5 per cent. of oxime in 
each case) were examined, the oxime being separately crystallised for 
each solution and shortly before its preparation, so that the deter- 
minations are quite independent. 


Temperature, 20°. 


a = 2'866°. 


I. p=94°96. a=2°866°. II. p=94°95. 

T(min.). a?” (100 mm.), 1000 &. T (min.), 2” (100 mm.), 1000 &, 

0 +14°32° —- 0 +14°32° —_ 
40 14‘254 0°567 40 14°258 0°542 
275 13°894 0°586 205 14°004 0°569 
1130 13°07 0°507 310 13°866 0°556 
1390 12°892 0°496 395 13°758 0°552 
1790 12°654 0°486 565 13°558 0°546 
2605 12°242 0°496 1425 12°862 0°499 
2965 12°116 0°494 1740 12°66 0°497 
4025 11°83 0°504 2870 12°184 0°476 
A) 11°454 — 3230 12°066 0°478 

Mean 0°517 ) 11°454 — 
Mean 0°524 


Temperature, 22°. 


III. p=94:98. a=2°888°. IV. p= 94°87. a = 2°88°, 

7 (min. ). a (100 mm. ). 1000 &. T(min.). o” (100 mm.). 1000 &. 

0 +14°44° _ 0 +14°44° — 
130 14°232 0°579 150 14°204 0°571 
175 14°156 0°589 255 14°058 0°558 
350 13-906 0°584 805 13 °962 0°596 
1185 12°98 0°594 545 13°66 0°580 
1815 12°566 0°577 1380 12°808 0°606 
2620 12°192 0°579 1455 12°764 0°599 
2725 12°162 0°570 1785 12°562 0°591 
2915 12°10 0°570 2800 12°158 0°561 

8130 12°058 0°556 ros) 11°560 — 
6) 11°552 —_ Mean 0°583 

Mean 0'577 
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Temperature, 24°. It 
V. p=94925. a=2°84°. | VI. p=9491. a=2°84°. cons 
T (min.). 2 (100 mm.). 1000%. | Z(min.). a (100 mm.). 1000 &. diffe 
0 +14°53° — 0 +14°53° ies 10. 
125 14°254 0°818 115 14°294 0-749 ; 
230 14°042 0°817 230 14°050 0°806 cand 
280 13°944 0°825 350 13°828 0°810 incr 
1295 12°718 0°784 535 13°544 0°798 
1555 12°566 0-759 1395 12°670 0-761 
1860 12°416 0°733 1500 12°586 0°768 
roa) 11°690 — 1675 12°514 0°738 
Mean 0°789 oo 11690 es whe 
Mean 0°776 hy t) 
Temperature, 26°. . 
VII. p=94:984. a=2°798°. | VIII. p=95°01. a=2°80°. ‘a 
. or 
T (min.). a? (100 mm.). 1000 &. T (min.). a? (100 mm.). 1000 &, nt 
0 +14°68° _ 0 +14°68° wi - 
70 14°484 1°03 60 14°490 117 
130 14°308 1°09 170 14°186 1°14 
160 14°224 112 | 320 13-820 1°14 
287 13°918 1‘1l 515 13°428 1°15 
555 13°392 1‘1l 1405 12°444 1°14 
1355 12°510 1°10 1520 12°416 1°08 
1420 12°440 1°13 1805 12°272 1°09 
roa) 11°882 — ra) 11°88 —_ 
Mean 1°'10 Mean 1°13 
Temperature, 28°, 
IX. p=95-01. a=2°766° X. p=95°02. a=2°772° 1 
T(min.). o%°(100mm.).  1000%. | 7 (min.). 02° (100mm.), 1000 %. qui 
0 +14°78° _ 0 +14°78° _ the 
90 14°43 1°50 100 14°374 1°58 hea 
146 14°268 1°40 140 14°232 1°57 
205 14°070 1°44 200* 14-080 1°40 reat 
350 13°702 1°41 380 13°616 1°43 ture 
510 13°374 1:39 | 400* 13°590 1°42 : 
600* 13-210 140 | 500* 13°370 1°45 _ 
800* 12°95 1°35 650 13°100 1°43 cou 
co 12°014 — © 12-008 -- ‘7 
Mean 1°41 | Mean 1°47 
Che 
Temperature, 30°, syn 
XI. p=95°01. a=2°776°. | XII. p=95°01. a=2°776°. ] 
7 (min.). ” (100 mm.). 1000%. | Z(min.). «(100 mm.). 1000 &. our 
0 +14°90° — 0 +14°90° _ vel: 
115 14°304 2°10 108 14°324 2°15 
200 13996 1°97 195 13°988 2°04 one 
260 13°794 1°95 290 13-690 1:97 clas 
315 13°648 1°90 370 13°466 1°94 
380 13°480 1°87 520 13°158 1°90 
415 13°400 1°87 600* 13°030 1°86 
492 13°240 1°85 800* 12°78 1°80 
ra) 12°124 — roe) 12°124 _— 
Mean 1'93 Mean 1'95 
* These values are taken from a curve drawn through the other experimental 2 


points, est 


weer OOo oo oO 
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It will be observed that the two average values of the velocity 
constant at each temperature agree satisfactorily, the percentage 
difference between them being respectively 1°3, 0°9, 1°7, 2-9, 3°9, and 
10, The velocity of the reaction, of course, increases rapidly with 
rise of temperature, and, as will be seen from the table below, it 
increases in accordance with the formula suggested by van’t Hoff ; 


where a= a constant, 7, and 7’, are absolute temperatures, and &, and 
k, the corresponding values of the velocity constant. 

Substituting in this equation the values for /,, and kg, we find 
a=13620, Using this value for a, and putting &,, for k,, we obtain 
for the theoretical value of & at the other temperatures the numbers 
in the second column below : 


1000 & calculated. 


@ =13620. 1000 &. 

Temperature. Ke3y = 1°941. observed, A. 
20° 0°418 0°520 07102 
22 0°574 0°580 0°006 
24 (0°782) (0°782) —- 
26 1063 1°114 0°051 
28 1°440 1°440 0-000 
30 (1°941) (1°941) — 


The agreement between the calculated and experimental values is 
quite satisfactory, except at 20°. That at the lowest temperature 
the difference is greatest is probably due to the fact that the slight 
heating which is necessary to dissolve the oxime accelerates the 
reaction in its initial stage. In the other experiments, the tempera- 
ture required for bringing about solution is not much higher than that 
maintained during the reaction, which consequently pursues a normal 
course. 

The above formula has been applied by Ley (Zeitsch. physikal. 
Chem., 1895, 18, 387) to the velocity of conversion of acetates of 
syn-oximes into acetates of anti-oximes, with somewhat similar results, 

Having carried out the above series of experiments, we extended 
our investigation to some other reactions, for the measurement of the 
velocity of which our method either might be applied or else is the only 
one available. The following data relate to a reaction of the latter 
class, 


Velocity of Rearrangement of p-lodobenzsynaldoxime in 
n-Propyl Tartrate. 


The oxime melted at 150°, and was not sufliciently soluble in the 
ester for a 5 per cent. solution to be made up : 
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p=97'51. Temperature, 19°6°, a=1:507°, 


7T(min.). a®*(100mm.). 10004. 7 (min.). a! (100 mm.). 10004, 

0 + 16°02° — 2930 +15°05° 0°352 

35 16°00 0°368 3180 15°00 0°355 

295 15°863 0°374 4050 14°833 0°382 

1150 15°513 0°356 4615 14'766 0°386 
1450 15°443 0°356 ro) 14°513 _— 

2610 15°13 0'342 Mean 0'363 


The n-propyl tartrate used in this experiment was the same as that 
in which the transformation of anissynaldoxime and m-nitrobenzsyn- 
aldoxime had been observed (Ber., 1907, 40, 2568), so that the con- 
stants should be directly comparable. They are: 


Substance. 1000 °° in n-propyl tartrate, 


Anissynaldoxime 
m-Nitrobenzsynaldoxime 
p-lodobenzsynaldoxime 


The Velocity of Transformation of w-isoNitrotoluene (Phenylisonitro- 
methane). 


In our first paper, we were able to show that it is possible to follow 
by our new method the change of the enol-form of formylphenylacetic 
ester into the more stable aldo-form. Another substance which 
claims very considerable interest on account of the fact that it exists 
in two forms which exhibit a somewhat similar relationship is w-nitro- 
toluene. The change of w-isonitrotoluene into w-nitrotoluene has been 
followed by Hantzsch and Davidson (Ber., 1896, 29, 2259) by mixing 
together solutions of the sodium salt of the former substance and 
hydrochloric acid, and observing the gradual diminution in conduc- 
tivity of the solution ; also by following a slow change in the apparent 
molecular weight as determined by the cryoscopic method in benzene 
(loc. cit., 2264), and, further, by the application of the ferric chloride 
reaction. By none of these methods, however, has an attempt been 
made to obtain a value for the velocity constant. This seemed there- 
fore an interesting case to which to apply our method. We prepared 
some w-isonitrotoluene from benzyl iodide and freshly-precipi- 
tated silver nitrite according to Hollemann (Rec. trav. chim., 1894, 
13, 403) and Hantzsch (Ber., 1896, 29, 699, 2251). Only a small 
yield (0°5 gram, m. p. 75°) was obtained, a considerable quantity of 
substance having been lost in purification. 

A solution containing about 10 per cent. of w-isonitrotoluene (6 
grams in all) was made up with some of the same n-propyl tartrate as 
used in the previous experiment, and this was examined in a 50 mm, 
tube in the polarimeter. The result was as follows ; 


—_ _- ee tae 
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p=90°19. Temperature, 19°5°. a=0°907°. 


T (min.). a}®® (50 mm.). 1000 &. 
0 +7°82° — 
50 7°70 2°83 
155 7°513 2°66 
375 7°290 2°34 


2°55 


Mean 2°59 


The total difference of rotation (0°907°, using only a 50 mm, 
tube) thus induced by the change from one form of the inactive 
substance to the other is very considerable, although not so great 
as with the oximes. The reaction is apparently unimolecular, and 
the value of the constant is satisfactory. The velocity of transform- 
ation is more than twice as great as that of anissynaldoxime in the 


same active ester. 


The Isomerism of Ammonium Thiocyanate and Thiocarbamide. 


We have also examined some other isomeric substances of a more 
easily accessible type. For the purpose, we used an aqueous solution of 
ethyl tartrate of concentration p=50. It had aj/* (100 mm.) +9°73°. 

A solution of 1 gram of thiocarbamide and 10 grams of this solution 
had aj) (100 mm.) +10°006°. The thiocarbamide therefore raises the 
rotation of the solution slightly. 

An exactly - similar solution of ammonium thiocyanate had 
ap” (100 mm.) +5°26°. 

The effect of isomerism in these compounds is thus very striking 
indeed. The rotation of the former solution is practically double that 
of the latter, and this alteration is really enormous considering that it 
is brought about by difference in constitution of less than 10 per 
cent. of inactive substance. 

The rotation of neither solution altered on standing, but on heating 
obvious decomposition ensued. 

These experiments indicate a simple means of following the conver- 
sion of ammonium thiocyanate into thiocarbamide, but, since the course 
of that reaction has already been carefully examined (Waddell, 
J. Physical Chem., 1898, 2, 523 ; Reynolds and Werner, Trans, 1903, 
83, 1), it did not seem necessary to do more than satisfy ourselves as 
to the possibility of appiying our method. 

Small quantities (about 2 grams) of ammonium thiocyanate and 
thiocarbamide were heated in sealed test-tubes for some two and 
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a-half hours to about 170° in a Lothar Meyer air-bath. A solution of 
each substance was then made up by dissolving 1 gram in 10 grams of 
the aqueous ethy! tartrate solution : 


| Rotation 

before 

heating. 

After heating, the thiocyanate gave a solution of a!®4 (100 mm.) + 6°576° | +5°26° 


mm », thiocarbamide re ‘ also ‘es 7°192° | 10-006° 


The thiocarbamide was thus being transformed more rapidly than 
the thiocyanate. The rotations were approaching a common value, 
but equilibrium had not yet been reached. 

A second experiment was carried out, the substances being kept 
fused fer about twelve hours at 160—170°, and then dissolved as 
before in the ethyl tartrate solution. The rotations then were 


Thiocyanate solution, aj? (100 mm.) 7°212°. 
Thiocarbamide solution, aj)* (100 mm.) 7°112°. 


Equilibrium had thus practically been attained,* and calculating 
the proportion of thiocyanate converted into thiocarbamide on the 
assumption that change of rotation is directly proportional to 
quantity of substance transformed, which may not be quite correct, 
the above experiment gives a formation from ammonium thiocyanate 
of 40 per cent. of thiocarbamide. Considering the rough character 
of the experiment, no special precautions whatever having been 
taken, it is not surprising that the result is not in close accord 
with Reynolds’ accurate value of 24°76 per cent. 


The Isomerism of Ammonium Cyanate and Carbamide. 


We next tried similar experiments with ammonium cyanate and 
carbamide. A solution of ammonium cyanate was prepared by mixing 
concentrated solutions of potassium cyanate and ammonium sulphate. 
The precipitated potassium sulphate was filtered off, and the cyanate 
solution mixed with ethyl tartrate. Unfortunately, this precipitated 
more potassium sulphate, and the solution had to be further diluted, 
The concentration of the solution used was, as regards ethy] tartrate, 
p= 25, and as regards ammonium cyanate, approximately p= 4-5. This 
mixturé-was then examined in the polarimeter at 20°, and yielded the 
following data : 


* According to Reynolds and Werner (Joc. cit., p. 4) equilibrium is attained ins 
much shorter time, about 45 minutes at 170°. 
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Transformation of Ammonium Cyanate into Carbamide. 


T (min.). a2” (200 mm. ). T (min. ). a2” (200 mm.). 
0 +10°56° 1680 +13°12° 
35 10°62 1900 13°27 
55 10°67 2780 13°83 
210 10°85 4570 14°40 
505 11°45 ro) 14°55 


The rotation of the solution thus increases slowly and to a consider- 
able extent. The numbers do not give a constant when calculated by 
the formula for reactions of the first order, which is in accordance 
with the known course of the reaction (Walker, with Hambly, Kay, 
and Wood, Trans., 1895, 6'7, 746 ; 1897, 71, 489; 1898, 73, 21). 
Our data are insufficient to allow of the application of the formula 
for reactions of the second order, but the experiment recorded is quite 
sufficient to show that our method would have been valuable in this 
case also had the transformation not already been thoroughly investi- 
gated by other means, 

That the reverse change of carbamide into ammonium cyanate can 
also be followed in the polarimeter is shown by the following 
experiment. An aqueous solution was made up of p=41'8, relative 
to ethyl tartrate, and py=11°1, relative to carbamide. It gave the 
following result at 26°: 


T (min.). a?6* (200 mm.). 
15 +20°044° 
70 19°988 
260 19°814 


The rotation thus diminishes with lapse of time, but the diminution 
is slight. 

The experiments recorded here show that the solvent influence of 
two isomeric substances on the rotation of ethyl tartrate may differ 
very considerably, and that on this fact may be based a method for 
determining constitution or for measuring the velocity of intramole- 
cular reactions in inactive compounds. We are continuing our investi- 
gation of the subject in various directions. 


THE UNIVERSITY, 
GLAsGow. 
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CIV.—Contributions to the Chemistry of the Amidines, 
Part II. Anilinobenzoxazole and the Supposed 
Antlodihydrobenzoxazole. 

By Grorce Youne and ALBERT Ernest Dunstan, 


As the existence of isomerides differing from each other in the position 
of a hydrogen atom, which in other similar compounds is found to be 
so mobile that only one of the two, or only a mixture of the two, 
possible substances can be obtained, is of the utmost importance for 
the theory of the phenomena commonly grouped together under the 
name of tautomerism, it is desirable that doubtful cases of such 
isomerism should be carefully re-investigated. In a previous paper, 
in conjunction with W. H. Oates (Trans., 1901, 79, 660), one of us 
drew attention to two such doubtful cases in the amidine group, and 
expressed the opinion that further evidence was necessary before the 
constitution of the substances concerned could be considered as estab- 
lished. The re-investigation of these substances, then undertaken, 
has been unavoidably delayed, but in the meantime the doubt 
expressed as to the isomerism of the aminomethyl]-a-naphthiminazole 
has been justified by O. Fischer, who recently brought forward 
evidence (J. pr. Chem., 1907, [ii], 75, 88) showing that, whilst Mark- 
feldt’s compound (Ber., 1598, 31, 1174) has the structure 


NH,*C,H,< > OMe, 


the supposed isomeride (Meldola and Eynon, Trans., 1900, 77, 1159) 


is probably an oxygenated compound containing the grouping 
*-NH:C Me 


"50, 
‘ nas . ‘NE : 
instead of the amidine grouping ~, n> OMe, the oxygen atom having 
been mistaken for a molecule of water of crystallisation. In this 


paper, we deal now with the other case to which attention was 


drawn. 

Kalckhoff, on heating 1-mercaptobenzoxazole with aniline at the 
boiling point of the latter, obtained a product, melting at 173°, which 
he considered to be 1-anilinobenzoxazole (Ber., 1883, 16, 1825), formed 
according to the scheme : 


CHAOS or OH, <)S0-SH + NH,'0,H,= 
H,S+0,H,<)S0-NH-O,H, (I). 
The same substance was also obtained by heating 2-hydroxyphenyl- 


ee ee ae aL ee rl ll 
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thiocarbamide with aniline, and by heating 2-hydroxy-s-diphenyl- 
thiocarbamide alone or with mercuric oxide. 

Some years later, Chelmicki heated 1-keto-1 : 2-dihydrobenzoxazole 
with aniline in a sealed tube at 200—210°, and obtained a small 
amount of white, brittle needles, which melted and decomposed at 
about 230° (J. pr. Chem., 1890, [ii], 42, 440). Chelmicki ascribed to 
his product the constitution of 1-anilo-1 : 2-dihydrobenzoxazole, and 
considered it to be formed according to the scheme : 


OH, <1} > 00 + NH,-C,H, = H,0 + 0,H,<N!>o:n-0,H, (11). 


Kalckhoff’s and Chelmicki’s substances appear therefore as a pair 
of isomeric amidines differing in the position of an V-hydrogen atom, 
since they contain the groups : 


‘N:C-NH-C,H, and -NH-O:N-C,H, 


respectively. This seemed an extremely doubtful case of such 
isomerism ; both substances were prepared at high temperatures, and 
purified by treatment with hot, dilute hydrochloric acid to remove 
unchanged aniline and thereafter by recrystallisation from hot 
alcohol, processes well calculated to effect isomerisation of one or 
other of the two forms if the W-hydrogen atom is capable of intra- 
molecular wandering. On the other hand, the tautomerism of the 
amidines is not yet settled beyond question, and it is still possible that 
two such isomerides may be both stable. The results described in 
this paper show that the particular case under discussion is not one of 
isomerism, 

We can confirm in all respects the statements of Kalckhoff as to the 
nature of the product obtained on heating 1-mercaptobenzoxazole with 
aniline. It has feeble basic properties, and on analysis gives figures 
agreeing with those required by a substance of the formula C,,H,,ON,. 
We have prepared from it an acetyl derivative which on hydrolysis 
is converted again into the anilino-compound, or, depending on the 
conditions, gives aniline and 1-keto-1 : 2-dihydrobenzoxazole. These 
properties of the substance and the methods employed for its pre- 
paration do not suffice to distinguish between a compound having the 
formula (I), as given by Kalckhoff, and one of the formula (II), 
ascribed by Chelmicki to his product. It was shown by one of us, in 
conjunction with 8. I. Crookes (Trans., 1906, 89, 59), that 2-anilino- 


methylthiazole has the constitution Hg >O-NEL-O,H,,and not the 
isomericeform ea ONCE; The analogy of this substance 
to anilinobenzoxazole makes it probable that the latter has the 
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corresponding constitution containing the grouping eOSoNn Ph, 


and we therefore incline to Kalckhoff’s formula for his product. 

Whilst we confirm the results of Kalckhoff, our study of the 
interaction of aniline and 1-keto-1 : 2-dihydrobenzoxazole has led to a 
conclusion entirely different from that put forward by Chelmicki. We 
found that, as stated by that author, the substances interact at 
200—210°, forming a product which, after removal of unchanged 
aniline, crystallises from alcohol in needles, melting at about 230°, 
The figures obtained on analysis, however, did not agree with those 
required by a substance of the formula C,,H,,ON,(C=742; H=48; 
N=13°3 per cent.), but approximated closely to those required by the 
formula C,,H,,ON, (C=73°6; H=5'7; N=13-2 per cent.). It is 
evident that a nitrogen estimation (the only analysis quoted by 
Chelmicki) could not distinguish between these two formula, but that 
a carbon-hydrogen estimation should be decisive. 

The formula C,,H,,ON, is that of s-diphenylearbamide. This 
might be formed by the interaction of aniline and 1-keto-1 : 2-dibydro- 
benzoxazole in two ways, the first stage of the two reactions being the 
same : 


I. 0,8,<Af>c0 + NH,-0,H, = OH-0,H,-NH-CO-NH-C,H,, 


IIa. 2 OH-C,H,-NH-CO-NHPh = OH-C,H,-NH:CO-NH-C,H,:0H + 
C,H,"NH-CO-NH-C,H,, 
IIs. OH-0,H,-NH-CO-NH-C,H,-OH + NH,’C,H, =OH-C,H,-NH, + 
C,H,*NH-CO-NH-C,H,. 


The suspicion that in these equations lay the explanation of 
Chelmicki’s reaction was confirmed, as a mixture of the product, m. p. 
230°, with an equal amount of pure s-diphenylcarbamide, m. p. 236°, 
melted at about 234-—-235°. Moreover, we found later that repeated 
recrystallisation of the product from alcohol gradually removes a 
small amount of a reddish-white impurity, the melting point of the 
substance rising slowly to 235—236°. It is evident then that 
Chelmicki’s supposed 1-anilo-1 :2-dihydrobenzoxazole was nothing 
more or less than s-diphenylcarbamide, containing probably traces of 
some decomposition product of s-dihydroxydiphenylearbamide formed 
according to scheme IIa, and hence this case of the supposed isolation 
of isomeric amidines differing in the position of the N-hydrogen atom 
must be deleted from the record as founded on a misconception as to 
the nature of one of the so-called isomerides. 

If Chelmicki’s product was s-diphenylearbamide, it is difficult to 
understand his statement that on hydrolysis with concentrated hydro- 
chloric acid it yields o-aminophenol. It might be urged that the original 
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product of the reaction is in reality anilodihydrobenzoxazole, and that 
during our process of purification this underwent a change consisting 
in the first place of hydrolysis to o-hydroxy-s-diphenylearbamide, 
0H:C,H,;NH:CO-NH°C,H,, and in the second of the reaction IIa. 
But it seems scarcely probable that the five-atom ring of anilodihydro- 
benzoxazole would undergo resolution much, if any, more readily than 
the condensation ring of Kalckhoff’s anilinobenzoxazole, and thisremains 
unchanged when the substance is boiled with aqueous or absolute 
alcohol or with dilute or concentrated hydrochloric acid. Moreover, 
the purification which takes place with so much difficulty by 
Chelmicki’s method is readily effected by washing the product with 
benzene. 

We have obtained also s-di-p-tolylearbamide by heating 1-keto-1 : 2- 
dihydrobenzoxazole with p-toluidine. 

On treating his product with calcium hypochlorite in acetic acid 
solution, Chelmicki obtained a chlorinated substance, melting at 276°, 
to which he ascribed the formula C,,H,ON,Cl,. No details are given 
of how this reaction was carried out, and we have been unable to 
obtain a product having the melting point quoted by Chelmicki, but 
we have found that, under varying conditions, the reaction leads 
to the formation of mixtures of monochloro-, dichloro-, and trichloro-s- 
diphenylearbamide. Of these, we have isolated only the trichloro- 
derivative, which melts at 262°. For purposes of comparison we have 
compared di-p-chloro-s-diphenylearbamide by heating -chlorophenyl- 
carbamide with p-chloroaniline, and have found it to melt at 289°. 
As di-p-chloro-s-diphenylecarbamide forms the trichloro-s-diphenylearb- 
amide, m. p. 262°, when treated with calcium hypochlorite in acetic 
acid solution, the latter is probably the 2 :4 : 4’-trichloro-compound, 
Chelmicki’s chlorinated product was probably a mixture of the 
dichloro-s-diphenylearbamide with smaller amounts of the other chloro- 
derivatives. 

EXPERIMENTAL, 


1-Acetylanilinobenzoxazole, O,H,<) SO:-NPhAc. 


This substance was prepared by boiling l-anilinobenzoxazole, m. p. 
173°, with acetic anhydride in a reflux apparatus. It crystallises 
from a mixture of benzene and light petroleum in sheaves of white 
needles, which melt at 91°: 

0°1986 gave 0:5188 CO, and 09894 H,O. C=71:2; H=5-00. 

C,,H,,0,N, requires C=71°4 ; H= 4°76 per cent. 

A mixture of this acetyl derivative with the acetyl derivative of 
1-keto-1: 2-dihydrobenzoxazole, which melts at 95° (Bender, Ber., 
1886, 19, 2269), melted at about 70°. 
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When boiled with dilute hydrochloric acid, 1-acetylanilinobenzoxazole 
is hydrolysed, forming 1-anilinobenzoxazole, but if heated with concen. 
trated hydrochloric acid and evaporated to dryness on the water-bath 
it yields aniline and 1-keto-l : 2-dihydrobenzoxazole, melting at 
138—139°. The identity of the anilinobenzoxazele and of the keto- 
dihydrobenzoxazole with specimens of these substances prepared by 
the synthetical reactions was established by the method of mixed 
melting points ; the aniline was recognised by the bleaching-powder 
test. 


1-Keto-1 : 2-dihydrobenzoxazole, oH,<AE Sco. 


Sandmeyer, who prepared this substance by fusing o-aminophenol 
with carbamide, found it to melt at 137—138° (Ber., 1886, 19, 2656), 
whilst somewhat later (J. pr. Chem., 1890, [ii], 41, 387), Leuckart 
recorded the melting point as 141—142°. Seidel (J. pr. Chem., 1890, 
[ii], 42, 445) observed that the substance separates from water in 
glistening crystals, which on exposure to air become dull, changing 
into small needles, and considered that this behaviour pointed to 


the transient existence of a mobile, lactim form, C,H, <SS¢-08, 


We have found, however, that this change in the appearance of the 
crystals is merely the accompaniment of a loss of water of crystal- 
lisation. We prepared the substance by Sandmeyer’s method, and, 
after repeated recrystallisation of the product from boiling water in 
presence of animal charcoal, and finally from very dilute hydrochloric 
acid, obtained it in glistening, white, flat needles or plates. These 
melt at 97—98°, and when more highly heated rapidly lose a molecule 
of water, the substance solidifying and again melting at about 137°. 
The crystals lose the water of crystallisation also when dried over 
sulphuric acid in a vacuum, or more slowly and: less completely when 
exposed to air : 


0°2654, dried at 100—105°, lost 0°0332, H,O=12°5. 
0-2116, dried over sulphuric acid, lost 0°0244, H,O=11°5. 
C,H,O,N,H,O requires H,O = 11°'8 per cent. 


The high value for the water of crystallisation as determined at 
100—105° resulted probably from loss of substance by volatilisation, 
as anhydrous ketodihydrobenzoxazvle on prolonged heating at about 
120° sublimed in delicate, white needles, in which form it is obtained 
also on recrystallisation from dry benzene, The anhydrous substance 
melts at 137—138°. It does not show any tendency to absorb water 
on exposure to moist air, but on recrystallisation from dilute hydro- 
chloric acid yields the hydrated crystals, melting at 97—98°: 
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02410 gave 21-0 c.c. nitrogen at 14° and 766mm. N=10°5, 
C,H,;0,N requires N =10°4 per cent. 

Anhydrous ketodihydrobenzoxazole remains unchanged when heated 

in boiling nitrobenzene, 


Action of Aniline on 1-Keto-1 : 2-dihydrobenzoxazole. 


The product of the action of aniline on 1-keto-1 : 2-dihydrobenzoxazole 
at 200—210° in a sealed tube was obtained by Chelmicki in only very 
small yields. We have found that it can be isolated in a 10 per cent. 
yield, calculated for the formation of s-diphenylcarbamide according to 
equations I and Ila as given in the introduction, if the anhydrous 
oxy-compound is introduced into a dry tube, an excess of aniline 
distilled directly into the tube, and precautions taken against the 
entrance of moisture during the process of sealing. The product, after 
being treated repeatedly with hot dilute hydrochloric acid, as directed 
by Chelmicki, and crystallised once from alcohol, formed small, slightly 
dark needles, which melted at about 230°, and gave the following 
figures on analysis : 

0:0799 gave 0:2152 CO, and 0°0425 H,O. C=735; H=5-91. 

CO(NH-C,H,), requires C=73°6 ; H=5°66 per cent. 


CH, <A> O:N-O,H, requires C= 74-2 ; H=4°76 por cont. 


After repeated recrystallisation from hot alcohol, as also after 
treatment of the crude substance with benzene, followed by recrystal- 
lisation from alcohol, the product crystallised in small, white, brittle 
needles, or from hot glacial acetic acid in long needles, melting at 
235—236°. The melting point was not altered by admixture of 
s-diphenylcarbamide prepared from phenylcarbamide and aniline. 


Action of Bleaching Powder on s-Diphenylcarbamide, 
Trichloro-s-diphenylearbamide, C,H,Cl,"N H*CO-NH°C,H,Cl. 


This substance is obtained when s-diphenylcarbamide is dissolved 
in hot glacial acetic acid, and the solution poured into a solution of 
calcium hypochlorite in dilute acetic acid. The product separates as 
a voluminous, flocculent precipitate, which, on crystallisation from 
ethyl acetate, forms tufts of small, white needles, melting when heated 
in a sealed capillary tube at 262°. If rapidly heated in an open 
capillary tube, the substance volatilises without melting : 

0:0708 gave 0:0961 AgCl. Cl=33°6. 

C,,H,ON,Cl, requires Ci=33°7 per cent. 
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p-Chlorophenylcarbamide, C,H ,Cl-NH-CO-NH,. 


p-Chlorophenylearbamide was prepared by adding a solution of 
potassium cyanate to p-chloroaniline dissolved in dilute acetic acid, 
It crystallises from water in clusters of white needles, which melt at 
212°, decomposing with formation of the s-disubstituted carbamide, 
The melting point varies to some extent with the rate of heating 
(compare Young and Clark, Trans., 1897, 71, 1200): 


0°1956 gave 0°1624 AgCl. Cl=20°5. 
C,H,ONCI requires Cl= 20°8 per cent. 


p-Chlorophenylcarbamide is soluble in ether and in concentrated 
acids, from which it is reprecipitated on dilution with water. When 
heated alone above its melting point, or when boiled with p-chloro- 
aniline, it forms di-p-chloro-s-diphenylcarbamide, 
C,H,Cl-NH-CO-NH:C,H,Cl. 
This crystallises from ethyl acetate in small, white needles, which melt 
at 289° when heated in a sealed capillary tube. Beilstein and 
Kurbatoff, who prepared di-p-chloro-s-diphenylcarbamide by the 
action of iodine on di-p-chloro-s-diphenylthiocarbamide (Annalen, 1875, 
176, 51), stated that their preparation partly decomposed and 
volatilised at 270°. We have observed that, if heated in an open 


capillary tube, the dichloro-derivative commences to volatilise, and 
then partly melts at temperatures between 270° and 285°, depending 
on the rate of heating: 


0°1538 gave 0°1535 AgCl. Cl=24°7. 
C,,H,,ON,Cl, requires Cl = 25:2 per cent. 


s-Di-p-tolylcarbamide, C,H,*NH:CO-NH°C,H,. 


This substance was prepared by boiling p-tolylearbamide with 
p-toluidine, and also by heating 1-keto-1 : 2-dihydrobenzoxazole with 
p-toluidine in a sealed tube at 250°. After being washed with dilute 
hydrochloric acid, the products were crystallised from hot alcohol. 
Both specimens formed white crystals, which melted separately or 
when mixed together at 265°. The melting point of s-di-p-tolylcarb- 
amide has been given by Maly as 263° (Jahresber., 1869, 638), and 
by Michler (Ber., 1876, 9, 710) and by Weith (ibid., 821) as 256°. - 

The following figures were obtained on analysis of a specimen of 
8-di-p-tolylearbamide prepared from ketodihydrobenzoxazole : 


0°1536 gave 15:1 c.c. of nitrogen at 17° and 761mm. N=11°6, 
C,;H,,ON, requires N =11°7 per cent. 
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CV.—The Relation between Dielectric Constant and 
Chemical Constitution. Part I. Stereoisomeric 
Compounds. 


By ALFRED WALTER Stewart (Carnegie Research Fellow). 


THE many interesting results obtained from the study of the refractive 
indices of organic compounds have led several investigators to hope 
that an examination of the dielectric constants would prove even more 
valuable, and the number of workers in this field has been considerable. 
A fairly complete bibliography of the subject has been compiled by 
Mathews (J. Physical Chem., 1905, 9, 667). 

When the actual experimental data at our disposal are examined, 
however, the comparable results are not really so numerous as they 
appear at first sight to be. In the first place, various workers on the 
physical side have utilised impure materials, such as sealing wax, 
bone-oil, and oil of turpentine ; and even when pure materials were 
employed many of the results are useless for comparison purposes. 
For example, since the presence of absorption bands in the electric 
spectrum of a compound causes anomalies in the value of the dielectric 
constant of the substance for certain wave-lengths, it follows that all 
strongly absorbent substances are of little value from the point of 
view of the relation between dielectric constant and chemical constitu- 
tion. This at once excludes all the hydroxylic compounds, for, as 
Drude has shown, they possess a strong absorptive power. 

For the purpose of comparison, therefore, we are restricted to non- 
hydroxylic and other non-absorbent compounds, and of such substances 
not very many complete homologous series have been investigated. In 
the present series of papers, it is proposed to examine the dielectric 
constants of homologous series of aliphatic esters, acid anhydrides, acid 
chlorides and bromides, esters of chloro- and bromo-acids, and some 
halogen derivatives, and from this material to endeavour to discover 
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some relation between the constitution of a compound and its electric 
refractive index. 

Before entering on the examination of these compounds, however, it 
seemed advisable to find how far the dielectric constants of substances 
could be influenced by a change in configuration, as, if this exercised 
any influence, its effect might have to be taken into account in some 
of the later papers. With this object in view, various active and 
racemic bodies were examined; but, as far as can be seen, no marked 
difference in dielectric constant could be found. 

The apparatus used was that described by Drude (Zettsch. physikal, 
Chem., 1897, 23, 282; 1902, 40, 635),and was made by W. Schmidt, 
of Giessen. The only modification introduced was that, instead of 
soldering the copper wires into the brass tubes as described by Drude, 
they were held in place by two binding screws. This modification is 
useful, as it enables the zero of the apparatus to be set at any point 
on the scale. The exciter when in the paraffin bath yields waves of 
sixty-three centimetres length. The vacuum tube used was one 
containing a mixture of neon and mercury vapour, which was kindly 
lent to me by Professor Collie. I had previously used a carbon 
dioxide tube furnished by the Marconi Company, but the results 
obtained with it were, of course, in no way comparable to those given 
by the neon. The coil employed was an Apps-Newton commercial 
one, giving a four-inch spark. It was usually run with a six-volt 
current. The condenser was one of the plate form described by Drude, 

All substances were carefully purified before being examined. The 
condenser was in each case filled to the mark with a substance, and 
allowed to stand until it had reached the temperature of the room, In 
all cases given in the present paper, this temperature was 20°. At 
least ten readings were taken, and when thése differed by more than 
half a millimetre, ten more observations were made. In cases of 
doubt, the condenser was refilled several times and the observations 
compared. The zero was taken by filling the condenser itself with 
mercury, not by putting in a copper wire instead of the condenser. 

The following are the results obtained : 

Ethyl tartrate * 
Ethyl racemate * 

The active form showed a much stronger absorption than the 
racemic isomeride. This seems to point to the hydroxyl groups being 
in some way involved in the formation of the racemic compound : 


Dipentene 


* For these substances, I am indebted to Miss E. C, Payne and Mr, W. R. G. Bye, 
who kindly prepared very pure specimens for me, 
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There is a slight difference between these two substances, but it is 
hardly sufficient to prove much. Taken in conjunction with the other 
results, it does not suffice to establish a difference between the active 
and racemic forms : 


d-Pinene 
i-Pinene 
a-Pinene 
The readings obtained for d-pinene were not very sharp ; /-pinene 
and 7-pinene have practically the same value. The inactive substance 
was prepared by mixing equal quantities of the active isomerides : 


d-Camphene ...........000+000 
7-Camphene 
z-Camphene 


All three forms were examined in the solid state. To ensure accuracy, 
each was melted and allowed to solidify again in an interval between 
two sets of readings. 

With these results should be compared those of Drude (Zeitsch. 
physikal. Chem., 1897, 23, 310) and Walden (ibid., 1903, 46, 176) in 
the cases of i- and /-malic esters : 

1-Malic ester 9°3 (Walden, 20°) 
i-Malic ester 10°0 (Drude, 18°) 

The difference between these results might quite well be due to the 
difference between the temperatures at which the observations were 


made. 
Finally, the d- and J-forms of cocaine were examined. These, of 


course, are not optical antipodes : 
d-Cocaine 
1-Cocaine 

Both substances were examined in the solid state with the same 
precautions as in the case of the camphenes. 

From these results, it follows that the spacial arrangement of atoms 
has no marked influence on the dielectric constant of substances. 
Any difference between the isomeric forms is to be found in a 
comparison of their absorption powers, but even this was noticed only 
in the case of the tartrates. 


In conclusion, the author wishes to express his thanks to Professor 
Collie, Professor Inglis, and Assistant-Professor Smiles for the interest 
they have taken in the work, and to the Chemical Society for a grant 
towards the cost of this series of researches. 

THE ORGANIC CHEMISTRY LABORATORY, 


UNIVERSITY COLLEGE, 
LONDON. 
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CVI—An Apparatus for Determining the Specific 
Inductive Capacity of Organic Inquids, 
By A.trrep WALTER Stewart (Carnegie Research Fellow), 


Asovut ten years ago, Drude (Zeitsch. phystkal. Chem., 1897, 28, 
267) described a method for measuring the specific inductive capa- 
cities of organic substances and of solutions by means of Hertzian 
waves. In one form, his apparatus consisted of an exciter (pro 
ducing the electric vibrations by means of a spark-gap under petrol- 
eum), a secondary wire circuit, with one fixed bridge near the 
exciter, and a movable one further off, a high vacuum tube to 
indicate nodes or loops in the vibrations, and a trough containing 
the liquid the dielectric constant of which it was desired to obtain. 
Behird the fixed bridge, the wire circuit passed through the 
trough, and the wave-lengths of the Hertzian waves were measured 
in air and in the liquid simply by moving the bridge up and 
down in the trough (thus lengthening or shortening the circuit) 
and noting the effect on the vacuum tube which is laid across the 
wires of the secondary circuit outside the trough. 

The three chief defects of this method are: (1) the large quan- 


tity of liquid which it requires, namely, 250—750 c.c.; (2) the impos 
sibility of keeping the apparatus at a given temperature without 
introducing an element of clumsiness into it; and (3) the imperfect 
contact between the movable bridge and the wires of the secondary 
circuit, which leads to slight sparking and hence to uneven lighting 
of the vacuum tube. With a view to eliminating these defects, the 


following apparatus was devised. 

The trough of the Drude apparatus is replaced by a jacketed 
tube, AAA (jacket omitted in figure for sake of clearness), gradu- 
ated in millimetres. This is placed vertically, and closed at both 
ends by rubber corks, BB, through which pass thin wires of iron 
or nickel, CC, kept taut and placed parallel to each other about 
1 cm. apart. Just above the cork, at the dotted line in the figure, 
these wires are bent at right angles and inserted into two 20 cm. 
tubes of nickel or German silver, SS, in which they are retained 
by the binding-screws, RA. The other ends of the tubes SS are 
attached to the circular part of the secondary circuit which sur- 
rounds the exciter, #, as shown in the figure. The bridge, D, and 
the vacuum tube, F, are placed across the circuit as shown 
the figure. 

At the bottom of the graduated tube, AAA, a side tube, G, 
leads to the mercury reservoir, H. This tube should be as wide 
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as possible in order to avoid lag in the mercury levelling. The 
mercury reservoir is furnished with a coarse and a fine adjustment 
for levelling it. J is a pulley through which a cord passes. At K 
this cord is attached to a fine rack and pinion adjustment, whilst 
the end, Z, lies in a clamp. To adjust the mercury level, the end 
L is unclamped, and the mercury reservoir moved up and down 
until the approximate level is reached; Z is then clamped, and 
the fine adjustment made from XK. By this means, maxima or 


minima in the glow of the vacuum 
tube can be sharply and easily read 
off. 

The introduction of the liquid to 
be measured is provided for in the 
upper part of the apparatus. M is a 
side tube connecting the graduated 
tube with the bulb, O. W is a two- 
way tap, and P an ordinary tap. The 
mercury is run up into the neck of 
the bulb, O, into which the liquid is 
then poured; and by sinking the 
mercury level, the liquid can be car- 
ried down into the graduated tube. 
The two-way tap, WV, may serve to 
introduce gases as well as liquids into 
the apparatus. 

Before use, the apparatus must be 
calibrated by the aid of the mixtures 
of known specific inductive capacity 
given by Drude (Zeitsch. physikal. 
Chem., 1897, 28, 288), and a curve 
must be drawn showing the relation 
between scale reading and dielectric 
constant. In practice, it is well to 
bring the zero of the apparatus always 
to the same point; or, in other words, 
to run the mercury up to the cork, 
B, and then so adjust CC by means 


tat ty 


of the binding-screws, RR, that the tube, F, is glowing most 
brightly. This indicates that the first node of the Hertzian 
waves is just inside the cork, B, where the graduation of the 


tube begins. 


With regard to the size of the graduated tube, in the author’s 
experimental apparatus this was made 3 cm. in diameter and 


50 cm. long, but this is much larger than is actually necessary. 
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The length of the tube need not be greater than half the wave. 
length in air of the vibrations employed ; in most cases a length of 
30 cm. should suffice. Where compactness is no object, however, 
longer tubes may be employed, as then two sets of readings can be 
taken in the same tube. Even with a 30 cm. tube, this is possible 
if the liquid which is being measured has a high specific inductive 
capacity. The diameter of the tube also may be reduced if neces. 
sary, so that it would be possible to reduce the amount of liquid 
required for a measurement to 70 or 80 c.c., in the case of a low 
dielectric constant, or even less in the case of a high one. The 
bulbs, H and O, of course, must be able to contain a volume rather 
greater than the capacity of the graduated tube. Before use, the 
apparatus should be rinsed with liquid to be used, and after use it 
can be washed out with alcohol and ether in the usual way. 

The advantages of this method over the trough method are 
obvious. The jacketed tube allows exact regulation of the tem- 
perature (which exerts considerable, influence) ; the substitution of 
a mercury for a wire bridge ensures much better contact, whilst 
the amount of liquid necessary is less than 25 per cent. of that used 
in the trough method. By adapting a pump to the tap, J, the 
effect of reduced pressure could easily be studied. 


THE ORGANIC CHEMISTRY LABORATORY, 
UNIVERSITY CoLLEGE, LONDON. 


CVII.—Titani-dihydroxymaleie Acid, and the Detection 
of Titanium. 


By Henry Jonny Horstman Fenton, 


Many of the properties of dihydroxymaleic acid and of dihydroxy- 
tartaric acid have already been described in previous communications 
to the Society. The study of these remarkable acids is still being 
continued, and in the present paper an account is given of some recent 
observations made while investigating the metallic salts of dihydroxy- 
maleic acid. 

When a warm, not too dilute, aqueous solution of a quadrivalent 
titanium compound is mixed, in almost any proportion, with a solution 
of dihydroxymaleic acid, a bulky, chocolate-coloured precipitate is 
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produced which, in appearance and character, closely resembles cupric 
ferrocyanide. If the solutions are more dilute and are mixed in the 
cold, no precipitation takes place, but an intense orange-red colour is 
produced, This solution appears to be of a colloidal nature, being 
precipitated by boiling or by the addition of salt solutions. 

The precipitate, on drying, shrinks enormously in volume, and is 
left in the form of extremely hard grains; these appear quite black, 
but yield a dark red powder when crushed. For the purpose of 
analysis, the following procedure was adopted. 

Hydrated titanium dioxide was dissolved in concentrated sulphuric 
acid, diluted, filtered, and mixed while hot with an aqueous solution of 
dihydroxymaleic acid. The resulting precipitate was washed three or 
four times with hot water, and dried in a vacuum desiccator for 


twenty-four hours : 


I. 01732 gave 0:0853 CO, and 0:0386 H,O. C=13:43; H= 2°47. 

II. 0°5196 on ignition gave 0°2307 TiO,. TiO, = 44°39. 

III. 0°4219 ” » 01918 TiO, TiO, = 45-46. 
C,H,0,,2TiO,,2} H,OrequiresC = 13:59 ; H = 2:54 ; TiO, = 45°32 percent. 

The composition of the precipitate corresponds therefore with that 
of a basic salt, and resembles in this respect most other compounds of 
titanium with oxygen acids. 

Berg, for example (Zeitech. anorg. Chem., 1897, 15, 328), by the 
action of malic acid on a neutral solution of titanium tetrachloride 
obtained a crystalline compound having the composition 

C,H,0,,2Ti0,,6H,O. 

Rosenheim and Schiitte (ibid., 1900, 26, 239) describe the prepara- 
tion, amongst others, of the oxalate, C,H,O,,2TiO,,11H,O, and the 
tartrate, C,H,O0,,2TiO,,6H,O. They regard these compounds as having 
the constitution : 


(Ti0)CO,*CH,-CH(OH)-CO,(Ti0),7H,0  C0,((TiO) 
| es bo yTio 7 OHO, 
UU 
sine (110)00,"OH (OH) OH(OH)-00,(1i0),7H,0 


oO ee 


Henderson, Orr, and Whitehead (Trans., 1899, '75, 542), by dissolv- 
ing hydrated titanium dioxide in a boiling solution of potassium 
hydrogen tartrate, obtained a white, crystalline salt having the com- 
position (TiO)(C,H,O,),,4$H,O. The sodium and ammonium salts 
were prepared similarly. The authors consider it probable that, as in 
tartar emetic, replacement by the (TiO) group occurs in one or more 
of the aleoholic hydroxyl groups. Rosenheim and Schiitte state that 
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they were unable to obtain any crystalline compounds in this way, and 
consider that the alkali titani-tartrates are only mixtures. It is of 
interest to notice, however, that they obtained another compound, by 
dissolving hydrated titanium dioxide in tartaric acid, which has the 
composition of a normal titanic tartrate, Ti(C,H,O,),.4H,O. But the 
compound has a remarkably high rotatory power, and this property 
appears to suggest a lactone linking, since a similar effect has only 
been observed in hydroxy-acids (compare Walden, Ber., 1897, 30, 
2889). 

Colour.—The compounds here referred to are all colourless, as also 
are those which have been obtained from mucic, citric, lactic, and 
apparently all other aliphatic acids. It appears very remarkable 
therefore that the dihydroxymaleic acid compound, now under discus. 
sion, should be so intensely coloured, and the fact may perhaps be 
connected with the tautomeric character of the acid (Trans., 1905, 87, 
804). 

This compound when precipitated in presence of dilute sulphuric acid 
is, as above stated, chocolate in colour, After washing it becomes redder, 
like ferric hydroxide, but on treatment with strong acids it turns again 
darker and of a deeper purple. It is remarkably stable towards 
acids, being scarcely changed by cold concentrated sulphuric acid or 
hot concentrated hydrochloric acid. Hydrofluorie acid, however, at 
once decomposes it, and the resulting solution then gives the reactions 
of dihydroxymaleic acid. Cold alkaline hydroxides or carbonates change 
it at once into bright orange-yellow salts, which are nearly insoluble in 
water. These salts, when treated with acids, regenerate the original 
chocolate-coloured substance. When boiled with alkalis in excess, 
the compounds are decomposed, yielding a salt of dihydroxymaleic acid, 
The original compound also undergoes a ceftain amount of hydrolytic 
decomposition when repeatedly washed with large quantities of boiling 
water. This fact is indicated by the increased content of titanium, 
but the appearance of the compound is scarcely altered. 

The original compound dissolves sufficiently in cold water to give a 
yellowish-red solution, Acids change this to pinkish-brown, and 
alkalis to lemon-yellow. The colour changes are quite sharp, and 
the tints nearly resemble those given by methyl-orange, but are less 
intense. 

In terms of Ostwald’s simpler explanation, one would say therefore 
that the ion is yellow and the undissociated compound pinkish- 
brown, but the changes could no doubt be referred to a difference in 
constitution. 

Without additional evidence there is not much object in making 
conjectures with regard to the constitution of this substance. The 
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fact that it behaves as an acid, appears to exclude the simple 
anhydride-like constitution which Rosenheim and Schiitte assign to 
the oxalic, malic, and tartaric acid compounds of titanium. 

That replacement has occurred, in part at any rate, in the alcoholic 
hydroxyl groups is also indicated by the following observations. A 
solution of dihydroxymaleic dimethyl ester, in dry ether or alcohol, 
gives an intense orange-red colour with dry titanium tetrachloride, 
dissolved in the same solvents. This colour is quite similar to that 
obtained from cold aqueous solutions as mentioned below. Further, 
the diacetyl acid (Trans., 1896, 69, 551) gives no colour with 
titanium compounds in aqueous solution. 

Detection of Titaniwm.—When cold aqueous solutions of dihydroxy-, 
maleic acid and quadrivalent titanium compounds are mixed in the 
cold, intensely-coloured solutions are obtained, the shade of colour 
depending on the dilution. A solution containing one part of 
titanium in 15,000 gives an intense orange-red colour, and one part in 
150,000 is coloured bright lemon-yellow. Beyond this the colour 
becomes paler, but is a very distinct straw-yellow at a dilution of one 
in a million. By viewing the solution through a column of 20 or 
30 centimetres in length, it is quite easy to observe the colour pro- 
duced by one part of titanium in about five millions. 

Rough comparisons made under similar conditions with the well- 
known hydrogen dioxide test indicate that the dihydroxymaleic acid 
reaction is from fifteen to twenty times as delicate. For the quanti- 
tative estimation of titanium by the colorimetric process, the latter 
will doubtless be found to be advantageous, not only because of its 
greater sensitiveness, but also on account of the more marked varia- 
tion of tint with dilution. 

The test has the further advantage that it is not given by vanadium. 
Molybdates and uranyl salts give red or brown colours, but these are 
easily distinguished, since they are destroyed by acids, the former on 
heating and the latter in the cold. Tungstic acid also gives a brown 
colour, but this is almost immediately changed to blue; vanadic com- 
pounds yield only a blue solution. Negative results are given by 
thorium, cerium, zirconium, silicon, and tin. 

Iron in the ferric state interferes with the test in so far that it 
destroys the reagent (Trans., 1902, 81, 426). If only traces of iron 
are present, it suffices to add an excess of the reagent; otherwise 
it is necessary to reduce the iron to the ferrous condition by means of 
sulphurous acid. 

Influence of Fluorides.—The colour-reaction here described is entirely 
prevented by the presence of fluorides, and the chocolate-coloured 
precipitate, described above, dissolves completely in warm hydrofluoric 
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acid, yielding a colourless solution. Fluorides, as is well known, have 
a similar influence in preventing the colour reaction of titanium with 
hydrogen dioxide, and Steiger (J. Amer. Chem. Soc., 1908, 30, 219) 
has devised a colorimetric method, depending on this circumstance, for 
the estimation of small quantities of fluorine. For the application of 
his method, it is probable that the use of dihydroxymaleic acid may 
be found to be preferable to that of hydrogen dioxide for the reasons 
indicated above. 

It would appear therefore that both these tests are to be regarded 
as distinctive of titanium ions, and that the inhibiting effect of 
fluorides is to be ascribed to the withdrawal of these to form the 
complex TiF, ions. 

A strong solution of potassium titanifluoride gives a yellowish- 
brown solution on the addition of dihydroxymaleic acid ; on dilution, 
the colour quickly changes to straw-yellow. Here there is pre- 
sumably equilibrium in the sense : 


6F’ +'Ti = (TiF,)”. 


Addition of a solution of potassium fluoride here again quickly bleaches 
the colour. 

The existence of hydrofluotitanic acid in aqueous solution was 
indicated by the experiments of Kowalewsky (Zeitsch. anorg. Chem., 
1900, 25, 193), who showed that the electric conductivity of a 
solution of hydrofluoric acid is increased when titanium dioxide is 
dissolved in it, hydrofluotitanic acid being relatively a strong acid. 

Consequently one would expect that the addition of strong mineral 
acids would, by “ suppressing ” the F’, have a retrogade influence on 
the change above mentioned. The following preliminary experiments 
appear to favour this view. 

A solution of titanium dioxide in sulphuric acid, containing 0:02128 
TiO, per c.c., was run into known quantities of pure potassium 
fluoride dissolved in very small quantities of water, dihydroxymaleic 
acid being added as indicator. If the solutions are sufficiently con- 
centrated, the end point is quite well defined. A reddish-brown spot 
is produced on addition of each drop of the titanium solution, which is 
immediately bleached on mixing with the surrounding liquid; the 
end is characterised by the first appearance of a permanent, pale 
straw-yellow colour, which on further additions of the titanium 
solution is changed to a permanent reddish-brown : 

I. 0°9537 potassium fluoride, mixed with dilute sulphuric acid in 
excess, required 9°5 c.c. TiO, solution (=0°2021 gram TiO,). 


Theory for 6KF: Ti=10°3 c.c. (=0°2192 gram TiO,). 
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II. 1:4315 potassium fluoride, under similar conditions, required 
145 c.c. TiO, solution (= 0°3085 gram TiO,). 

Theory, 15°4 ¢.c. (=0°3290 gram TiO,). 

III. 1:2501 potassium fluoride, mixed with excess of potassium 
acetate and a little acetic acid, required 13:1 cc. TiO, solution 
(=0:2787 gram TiO,). 

Theory, 13°5 e.c. (= 2873 gram TiO,). 

These experiments were carried out in glass dishes coated with 
paraffin wax. 

It would appear that this method would serve well for the 
approximate volumetric estimation of fluorides. The solutions would 
have to be fairly concentrated in order to ensure a sufficiently sharp 
end-point, and it would probably be preferable to standardise the 
titanium solutions by means of a pure fluoride under similar conditions 
of dilution, &c. Experiments will shortly be carried out in order to 
test this suggestion, and it is possible that the reaction may also be of 
theoretical interest in studying the conditions affecting the 
equilibrium between fluorine and titanium which has been already 
referred to. 

Behaviour of Dihydroxytartaric Acid.—Solutions of titanium com- 
pounds when mixed in aqueous solution with dihydroxytartaric acid 
in the cold remain quite colourless. On warming to about 70° or 80°, 
an orange-red precipitate separates, which appears to be identical with 
the compound which is given by dihydroxymaleic acid. When washed 
and decomposed with hydrofluoric acid, it gives, in fact, the reactions 
of dihydroxymaleic acid. 

No oxygen is evolved during this change, and it would appear there- 
fore that the quadrivalent titanium must become peroxidised : 


C,H,0, + TiO, = C,H,O, + TiO, + H,0. 


Further evidence in this direction is afforded by the fact that the 
filtrate, after removal of the precipitate, is invariably coloured a deep 
orange, even although considerable excess of titanium has been added, 
whereas in the case of dihydroxymaleic acid the filtrate under 
similar conditions is practically colourless. 

This change appears therefore to afford another example of the re- 
markable oxidising capability of dihydroxytartaric acid (compare 
Trans., 1898, 73, 80). 
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CVIIl.—The Triazo-group, Part IID.  Bistriaz- 
derwatives of Ethane and of Acetic Ester. 


By Martin Onstow Forster, Hans Epvuarp Fierz, and 
Watter Puitie Josava. 


Tue facility with which the triazo-group may be introduced into 
typical organic molecules of simple structure by interaction of sodium 
azide and the appropriate halogen derivative led us to consider the 
possibility of studying representative bistriazo-derivatives. Hitherto, 
the only compounds which contain two triazo-groups replacing hydrogen 
in elementary hydrocarbon types have been the para-bistriazobenzene 
of Griess (Ber., 1888, 21, 1559; compare also Silberrad and Smart, 
Trans., 1906, 89, 170), and meta-bistriazobenzene (Forster and Fierz, 
Trans., 1907, 91, 1953). Accordingly, we have prepared bistriazo- 
derivatives from ethylene dichloride, ethylidene dichloride, and 
dichloroacetic ester, and it appears to us necessary that a note of 
warning should be uttered against manipulating the products ; our 
hazardous experiences have led us to abandon the investigation of 
those bistriazo-derivatives in which both triazo-groups are attached to 
one carbon atom. 

Dimroth and Wislicenus (Ber., 1905, 38, 1573) were the first to 
prepare a triazo-hydrocarbon of the aliphatic series, and described the 
simplest of these, methylazoimide, as arising from the action of 
methyl sulphate on an aqueous solution of sodium azide. By heating 
ethylene dichloride with sodium azide in dilute alcohol, we have 
obtained symmetrical bistriazvethane in the form of a colourless, 
refractive liquid, which has the odour of chloroform, and boils at 53° 
under 9 mm. pressure. The readiness with which the substance is 
converted into ethylenediamine by reduction tempted us to prepare 
unsymmetrical bistriazoethane in the hope of arriving at ethylidene- 
diamine, but for reasons appearing below the experiment will not be 
pursued, and the expectation of obtaining diaminoacetic ester must 
remain also unfulfilled. 

Conspicuous among the developments of Grignard’s reaction have 
been the experiments of Dimroth with alkyl and aryl azoimides (Ber., 
1905, 38, 670, 2328 ; 1906, 39, 3905; 1907, 40, 2390), the inter- 
mediate magnesium derivatives from which yield diazoamino-compounds 
when treated with water. In this manner, Dimroth obtained diazo- 
aminobenzene from phenylazoimide and magnesium phenyl bromide, 
subsequently preparing numerous aliphatic-aromatic diazoamino- 
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compounds, or triazenes, by varying both the azoimide and the 
Grignard agent ; the most remarkable member of the series, dimethyl- 
triazene, or diazoaminomethane, arises from methylazoimide and 
magnesium methyl iodide (Dimroth, Ber., 1906, 39, 3905). Applying 
this reaction to symmetrical bistriazoethane, we have prepared the 
compound, 
C,H,-NH-N:N°CH,°CH,°N:N-NH°C,H,, 

which has the properties of a mixed diazoamino-derivative, yielding 
two-thirds of its nitrogen when treated with cold dilute acids ; the 
appearance of aniline unmixed with diazonium salt as a result of this 
decomposition would appear to justify the above representation 
(compare Dimroth, Eble, and Gruhl, Ber., 1907, 40, 2390). 


EXPERIMENTAL. 
1 : 2-Bistriazoethane, N,*CH,°CH,'N,. 


Fifty grams of ethylene dichloride and 80 c.c. of alcohol were 
heated under reflux during four days with 65 grams of sodium azide 
in 200 c.c. of water. The liquid having been diluted with 500 c.c. of 
water was extracted four times with ether, and the latter, after 
desiccation with calcium chloride, was distilled under ordinary 
pressure, carrying with it 10 grams of ethylene dichloride. The 
residue was then fractionated three times under 9 mm. pressure, 
20 grams of a colourless, refractive oil being finally obtained, dis- 
tilling at a constant temperature of 53°. On attempting to estimate 
nitrogen in the ordinary way, a violent explosion occurred, even when 
a few drops of the compound, largely diluted with copper oxide, were 
slowly vaporised; we are indebted to Mr. Richmond, however, for 
analyses of this material and of bistriazoacetic ester by the method 
devised by him for dealing with triazo-derivatives (Analyst, 1908, 
33, 180): 

0:1104 gave 46°7 c.c. of nitrogen at 19° and 754 mm., along with 

0°0335 gram of ammonia, N =49°9 as gas, 25°0 as NH, ; total, 
74:9. 
C,H,N, requires N = 75:0 per cent. 

Bistriazoethane has a sweet taste and the odour of chloroform, the 
vapour stimulating salivation and producing slight palpitation of the 
heart. Its specific gravity is 1:178 compared with water at 19°, and it 
is readily volatile in steam, When thrown on a hot plate, it explodes, 
and its behaviour with concentrated sulphuric acid is treacherous, 
evolution of gas taking place quite smoothly, although very briskly if 
the materials are mixed immediately, whilst a mild explosion occurs if 
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action is delayed; on one occasion, however, the acid was added to a 
few drops of the azide on a watch-glass without the customary evolu. 
tion of gas taking place, when suddenly a terrific detonation occurred, 
and the watch-glass simply vanished, Alcoholic alkali eliminates 
hydrazoic acid from bistriazoethane very slowly, without liberation of 
nitrogen gas. 

Reduction to Ethylenediamine.—Alcoholicammonium sulphide reduces 
the substance immediately, torrents of nitrogen being set free. On 
adding a solution of stannous chloride in hydrochloric acid to the 
bistriazo-compound dissolved in alcohol, steady evolution of nitrogen 
occurs, approximately two-thirds of the total content : 

0°1853 gave 76:0 c.c. of nitrogen at 16° and 751 mm. N= 47°9. 

C,H,N, requires 2/3N =50-0 per cent. 

In order to identify the product of reduction, 10 grams were treated 
with a solution containing 20 grams of tin, when the oil quickly 
disappeared, yielding 25 grams of the tin double salt ; 5 grams of this 
material were shaken with alkali and benzoyl chloride, yielding the 
dibenzoyl derivative of ethylenediamine, the remainder being con- 
verted into the hydrochloride of that base, from which the platini- 
chloride was prepared : 

0°6263 gave 0°2584 Pt. Pt=41°26. 

C,H,N,,H,PtCl, requires Pt = 41°70 per cent. 


The base was further identified by the picrate, and the absence of 
hydrazine was established. 


Action of Magnesium Phenyl Bromide on Bistriazoethame. 


Twenty grams of bromobenzene in 40 c.c. of dry ether having been 
converted into magnesium phenyl] bromide with 3:2 grams of the metal, 
the solution was mixed with 7 grams of bistriazoethane in 20 c.c. of 
ether without external cooling, when a somewhat vigorous action took 
place. After an interval of ten minutes, a mixture of crushed ice and 
concentrated ammonium chloride was added, the diazoamino-compound 
being extracted without delay by shaking with successive quantities 
of ether, amounting to about 400 c.c. Contact with undissolved 
magnesium was found to have a catalytic effect on the product, as in 
the case of the substances described by Dimroth. The solution 
having been dried by calcium chloride, ether was evaporated, and 
petroleum added to the residue, when 12 grams of crystalline material 
were obtained; the mother liquor deposited on evaporation an oil 
which had the odour of phenylcarbylamine. 

The compound being very sparingly soluble in boiling petroleum, it 
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was recrystallised from this medium (b. p. 80—100°), about two litres 
being required to dissolve 8 grams; the solution deposited lustrous, 
square plates having a faint brown tinge, and melting with vigorous 
gas evolution at 128°; 

0:1440 gave 03311 CO, and 0°0801 H,O. C=62°71; H=6-22, 
00824 ,, 22:3 c.c, of nitrogen at 20° and 760mm. N=31°69, 
C,,H,,N, requires C=62°69; H=5:97 ; N =31°34 per cent. 

The diazoamino-compound is sparingly soluble in ether, chloroform, 
benzene, and alcohol, dissolving with moderate readiness in the two 
last-named solvents when heated. 

Decomposition with Dilute Acids.—The compound is remarkably 
sensitive towards dilute acids, even acetic acid liberating nitrogen 
immediately ; when treated with 8 per cent. hydrochloric acid, 

0'2868 gave 51°8 c.c. of nitrogen at 16° and 756mm. N=21°22, 

C,,H,,N, requires 2/3N = 20°89 per cent. 

The principal product of this decomposition was found to be aniline, 
and ethylene dichloride could not be recognised. An experiment in 
which the acid liquid was added immediately to an alkaline solution of 
B-naphthol indicated the formation of diazonium salt in negligible 
amount, 


Attempt to Prepare 1 ; 1-Bistriazoethane, CH,*CH(N,),. 


Fifty grams of ethylidene dichloride and 100 c.c. of alcohol were 
heated under reflux during sixty hours with 70 grams of sodium azide 
in 200 c.c. of water ; the steam distillate having been extracted with 
ether, this was dried with calcium chloride and fractionated with a 
long rod-and-disk column on the water-bath, almost everything 
passing over between 40° and 50°, when there remained 3 c.c. of liquid 
residue. This was successfully distilled at 38° under 14 mm. pressure, 
leaving only one drop of a yellow oil, but on admitting air to the 
apparatus a disastrous explosion occurred, apparently starting in the 
Briihl jar; by a curious chance, the thermometers in the distilling 
flask and in the surrounding water-bath escaped fracture, although the 
thick glass receiver was transformed into coarse powder, and the 
Liebig’s condenser disappeared. 

Our experience of the purified substance lasted only a few minutes, 
during which we were able to recognise it as a colourless, refractive 
liquid which, previous to distillation, had the odour of chloroform. 


Bistriazoacetic Ester, CH(N,),*CO,*C,H,. 


Eighty-five grams of dichloroacetic ester mixed with the same 
quantity of alcohol were heated under reflux during five hours with 
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75 grams of sodium azide in 200 c.c. of water, steady liberation of 
hydrazoic acid being noticed throughout the experiment. The product 
of steam distillation was extracted with ether, and, after removing the 
solvent, fractionated under 2 mm. pressure ; the major portion distilled 
below 70°, but 13°5 grams of a colourless liquid were obtained, free 
from chlorine, and boiling steadily at 70—72°. An attempt to 
estimate nitrogen by the ordinary method led to a violent explosion, 
Mr. Richmond found, however, that 

0°1764 gave 49°55 c.c. of nitrogen at 165° and 757 mm., along 

with 0°03538 gram of ammonia. N=32°98 as gas, 16°52 as 
NH, ; total, 49°50. 
C,H,O,N, requires N = 49°41 per cent. 

Bistriazoacetic ester is a colourless, odourless liquid, having specific 
gravity 1:222 compared with water at 18°. When mixed with con- 
centrated sulphuric acid, torrents of gas are liberated, and action is 
liable to be explosive ; with aqueous potassium hydroxide, the sub. 
stance behaves like triazoacetic ester, evolution of gas being sluggish 
at first, and becoming brisk only on vigorous shaking. Attempts to 
prepare bistriazoacetic acid were unsuccessful, owing to the readiness 
with which hydrazoic acid is eliminated, a feature which doubtless 
explains the highly explosive character of the substance as compared 
with triazoacetic ester ; even cold alcoholic ammonia brings about this 
change, so that transformation into bistriazoacetamide was not 
realised. No conclusions could be drawn regarding the action of 
stannous chloride, which liberated only 8°6 per cent. of nitrogen, and 
the substance was considered too dangerous for further investigation. 


This opportunity may be taken to emphasise the value of Messrs. 
Pilkingtons’ wired glass for screens to protect the operator during 
distillation under reduced pressure. It would be advantageous also 
if the Briihl jar could be made of this material, as the thickness of 
the glass from which these vessels are usually constructed renders 
them very dangerous objects in an explosion as distinguished from a 
collapse. 
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CIX.—Eaperiments on the Synthesis of 1-Methyleyclo- 
heaylidene-4-acetic Acid, 


CHMeCo i" oH *: OH-CO,H, 


Part I. 
By Witu1amM Henry Perky, jun., and WiiiiaM Jackson Pors. 


van 'T Horr has pointed out that the presence of an asymmetric atom 
is conceivably not the only cause from which optical activity can arise ; 
a substance containing an asymmetric carbon atom exhibits optical 
activity in solution, because the presence of this peculiarity of con- 
stitution imparts an enantiomorphous configuration to the molecule. 
It is, however, possible to devise space formulz which are enantio- 
morphous, but which contain no asymmetric atom ; the substances thus 
represented would be expected to exhibit optical activity in solution. 
Thus van’t Hoff notes (The Arrangement of Atoms in Space, 1898, 
103) that allene derivatives of the type 

AW rnp 

pO O:O:0, 
should exist in two enantiomorphously related, and hence optically 
active, forms. 

Compounds which presumably possess enantiomorphous configura- 
tions, such as are described above, are already known, as, for instance, 
the symmetrical dimethylallene, CHMe:C:CHMe, but being synthetic 
products they naturally do not exhibit optical activity. 

In order to obtain experimental information concerning the new 
kind of stereoisomerism thus indicated, we endeavoured, but without 
success, to prepare allene derivatives of the type mentioned, and of 
such constitutions that the ordinary methods of resolving externally 
compensated substances could be applied to them. We next turned 
our attention to the synthesis of compounds belonging to the types 


(SocfOHsb orc, and 
(ONS on: COX d) an 
oo<tont>c<tont>o<t), 
which contain symmetrical closed rings in the place of one or both of 
the double linkings in allene, and must therefore also exhibit enantio- 


morphism, and we selected for our purpose the synthesis of 1-methyl- 
cycloheaylidene-4-acetic acid, 


Mex,,-CH, CH, 
H>C<cH* -OH, 2>c: 0<o, H 
VOL. XCIII. 
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The starting point in this synthesis was 1-methylcyclohexylearbinol, 
which was prepared in considerable quantities from ethyl 1-methyl- 
cyclohexane-4-carboxylate (Trans., 1905, 87, 644) by reduction with 
sodium and alcohol, 

CHMe<o i oH oH: -CO,Et —> 
CH,°CH, 
OH, ‘CH, 

When this alcohol is heated with fuming hydrobromic acid, it yields 
1-methyleyclohexylcarbinyl bromide, and this is converted by the action 
of potassium cyanide into the corresponding nitrile, waieh, on 
hydrolysis, yields 1-methylcyclohewyl-4-acetic acid : 


CH,-CH 
CHMe< (yy? 9g) > CH-CH, Br — 


CHMe< 2>CH-CH,:OH. 


CH,°CH 
CH, *CH, 


2>CH:CH,-CO,H. 


CHMe<e 2>CH'CH,-ON —> 


CH,°CH, 
OH, *CH, 

The {chloride of this acid behaves in the usual manner when it is 
heated with bromine, and the product is readily decomposed by formic 
acid with formation of a-bromo-1-methylcyclohexyl-4-acetic acid, 


CHMeCoir ‘CH >CH'CHBr-CO,H, 


which crystallises well and melts at 78°. When the ester of the acid 
is digested with diethylaniline, hydrogen bromide is eliminated, and 
an unsaturated ester is formed, and this, on hydrolysis, yields an acid 
which crystallises from formic acid in glistening plates, softens at 63°, 
and melts at 70°. The analysis of this acid gave results agreeing with 
the formula C,H,,0,, and this formula was confirmed by the analysis 
of the ester and other derivatives. Since the alkaline solution of the 
acid instantly decolorised permanganate, there seemed to be no other 
alternative than to conclude that it had been produced normally, and 
was, in fact, 1-methylcyclohexylidene-4-acetic acid, 

CH,°CH 
OH, ‘CH, 


While these experiments were in progress, W. Markwald and 
R. Meth (Ber., 1906, 39, 1171) published an account of an investiga- 
tion which they had made with the same object as we had in view, 
namely, that of synthesising 1-methyleyclohexylidene-4-acetic acid and 
then resolving it into its active modifications. Their method of 
synthesising this acid was, however, quite different from ours, and was 
as follows: 4-Methylcyclohexanone was treated with ethyl bromo- 
acetate and magnesium and the product hydrolysed, when the two 


CHMe<e 


CHMe<. 2>C:CH:00,H. 


OF 1-METHYLCYCLOHEXYLIDENE-4-ACETIC ACID. 1077 


sterevisomeric modifications of 4-hydroxy-1-methylcyclvhexy]-t-acetic 
acid, 
CH,°CH, 
CHMe e<on’. ‘CH 2>0(0H)-CH,-CO,H, 


were obtained, both of which are decomposed by boiling dilute 
sulphuric acid with elimination of water and formation of an unsatur- 
ated acid, C,H,,0,, which melts at 41°. 

A glance at the formula of the hydroxy-acid shows at once that the 
elimination of water may take place in two directions, and that the 
resulting unsaturated acid may be either 1-methyl-A*-cyclohexene-4- 
acetic acid, 

H,—-CH ‘ 
CHM oH CH > CCH, 0O,H, 
or 1-methyleyclohexylidene-4- ontin acid, 
CHMe HCH >O:CH-CO, UH. 

Markwald and Meth are of opinion that their unsaturated acid is to 
be regarded as having the latter constitution, but we, on the other 
hand, consider it probable that it contains the double linking in the 
ring, and is, in fact, 1-methyl-A®-cyclohexene-4-acetic acid. 

In reply to this criticism, Markwald and Meth (Ber., 1906, 39, 
2404) have published further evidence in support of their view, and 
Wallach (Annalen, 1907, 313, 311) has also investigated the subject, 
and is of opinion that the acid of melting point 41° is 1-methyleyelo- 
hexylidene-4-acetic acid. It is unfortunate that we have not yet been 
able to prepare our unsaturated acid free from small quantities of 
l-methyleyclohexyl-4-acetic acid. The ester of this latter acid is 
apparently produced in small quantities as the result of a secondary 
reaction during the elimination of hydrogen bromide from ethyl 
a-bromo-1-methyleyclohexyl-4-acetate by means of diethylaniline, and 
its presence was first discovered during a series of experiments on the 
oxidation of the unsaturated acid by means of ozone. 

It follows from this that the melting point which we have given for 
our unsaturated acid can only be approximately correct, and must 
therefore be accepted with reserve. On the other hand, the results of 
a long and interesting series of experiments which are in progress 
seem to show that, in spite of all the evidence to the contrary, the 
unsaturated acid of melting point 41°, prepared by Markwald and Meth, 
is not 1-methyleyclohexylidene-4-acetic acid. 

The experimental investigation of this matter has proved to be most 
complex and difficult, and, as the investigation may not be completed 
for a considerable time, we have thought it best to publish now the 
details of those experiments of which a brief account was given in our 


preliminary communication (Proc., 1906, 22, 107). 
4B 2 
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1-Methyleycloheayl-4-carbinol, CHMe<Gty?- gn? >CH-CH,-OH, 
2 2 


The process used in the preparation of this carbinol is similar to 
that employed by Bouveault and Blane (Compt. rend., 1903, 136, 
1676; 13'7, 60) in their experiments on the conversion of cyclo. 
hexanecarboxylic ester into cyclohexylearbinol. Sodium (30 grams), 
in pieces about the size of a marble, is placed in a 2-litre flask, con. 
nected with a long condenser, and heated in an oil-bath at 80°. 

1-Methyleyclohexane-4-car! oxylic ester (30 grams), dissolved in 
alcohol (150 c.c.), is then added in a thin stream down the condenser, 
the decomposition being allowed to proceed as vigorously as possible. 

When the action slakens, the temperature of the oil-bath is raised 
to 130°, and small quantities of alcohol added until the sodium has 
dissolved. The product is diluted with water (3 vols.) and extracted 
three times with ether, the ethereal solution is washed several times 
with water, dried over anhydrous sodium sulphate, evaporated, and the 
residual oil purified by distillation under ordinary pressure. During 
the first distillation almost the whole quantity passes over at 
190—200°, very little oil of higher boiling point remaining in the 
flask, and, on repeating the operation, the substance boils constantly at 
197—198° (768 mm.) : 

0:1726 gave 0:4734 CO, and 01886 H,O. C=748; H=12°2. 

01382 ,, 03790 CO, ,, 01539 H,O. C=748; H=12°4. 

CO,H,,0 requires C= 75°0 ; H=12-4 per cent. 

1-Methyleyclohexyl-4-carbinol has an odour of isoamyl alcohol and 
at the same time of peppermint. The yield of alcohol obtained by 
the above process is 20—25 grams from 60 grams of 1-methylcyelo- 
hexane-4-carboxylic ester, and the alkaline solution, from which the 
alcohol has been extracted with ether, yields on concentration and 
precipitation with hydrochloric acid the unchanged 1-methyleyclo- 
hexane-4-carboxylic acid, which is collected and used in a subsequent 
operation. 

1-Methyleyclohexy!-4-carbinyl Bromide.—1-Methyleyclohexy]-4-carb- 
inol dissolves in twice its volume of a solution of hydrogen bromide 
in glacial acetic acid (saturated at 0°) with very little rise of tempera- 
ture, and if heated for two hours at 100° and then for one hour at 
120° the liquid separates into two layers. 

The whole is diluted with water, extracted with ether, the ethereal 
solution well washed with water, dried, and evaporated. The residual 
bromide distils at 135—137° under 150 mm. pressure, the yield being 
almost quantitative : 

0°5274 gave 0°5136 AgBr. Br=41°5. 

C,H,,,Br requires Br = 41°8 per cent. 
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1-Methyleyclohexyl-4-carbinyl bromide is a very stable substance, 
which may be distilled in small quantities under the ordinary 
pressure with only slight decomposition, It has a pungent and 
rather aromatic odour, which somewhat resembles that of trimethylene 


bromide. 


1-Methyleyclohexyl-4-acetic Acid, 


CHMe OH CH? > CH-CH,-CO,H. 

Three methods have been employed in the preparation of this acid. 

Method I. The Hydrolysis of 1-Methylcyclohexy!-4 carbinyl Cyanide.— 

This process was found to be very laborious on account of the fact 
that 1-methyleyclohexyl-4-carbinyl bromide is not readily converted 
into the cyanide by treatment with potassium cyanide. 

After a long series of comparative experiments, carried out under 
very varied conditions, the following process, which still leaves much 
to be desired, seemed to yield the best results. The bromide (10 
grams) is heated in a sealed tube with pure potassium cyanide 
(Kahlbaum, 10 grams) and 70 per cent. alcohol (30 c.c.) for two hours 
at 120°, the tube is then allowed to cool, well shaken, and heated at 
150° for three hours. The product, which smells of ammonia and, 
owing to the separation of azulmic acid, is very dark coloured, is 
diluted with water, extracted with ether, the ethereal solution washed 
with water until free from alcohol, and evaporated. 

The residue, which has a pungent odour of a cyanide and consists of 
l-methyleyclohexy1-4-carbinyl cyanide and a considerable quantity of 
regenerated 1l-methyleyclohexyl-4-carbinol, is mixed with an equal 
volume of acetic-hydrobromic acid (saturated at 0°) and heated in a 
sealed tube at 120° for two hours. The product contains crystals of 
ammonium bromide, and is diluted with water, extracted with ether, 
the ethereal solution washed several times with water in order to 
remove as much acetic acid as possible, and then extracted with dilute 
potassium hydroxide. After drying over calcium chloride, the ethereal 
solution yields, on evaporation, methyleyclohexylearbinyl bromide, 
which is distilled and used in a subsequent operation. The potassium 
hydroxide solution is again extracted with ether, heated on the water- 
bath until free from ether, cooled with ice, and avidified, when about 
15—2 grams of a yellow, crystalline acid separates. 

This is collected, washed well, dissolved in sodium carbonate, the 
solution digested with animal charcoal, filtered and acidified, and the 
colourless, crystalline acid purified by recrystallisation from formic 
acid, from which it separates in satiny plates which melt at 73—74°. 

Method II. The Action of Magnesium and Carbon Diomide on 
1-Methyleycloheayl-4-carbinyl Bromide. —Magnesium (8 grams) is 
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suspended in ether and rendered active by treatment with a little 
methyl iodide ; the ether is then decanted and replaced by an ethereal 
solution of methyleyclohexylearbinyl bromide (30 grams), when a 
rather vigorous action takes place, which, however, soon slackens, 
After heating for one hour on the water-bath, carefully-dried carbon 
dioxide is passed for two hours, the whole decomposed by dilute 
.ydrochloric acid, and extracted with ether. 

The ethereal extract is shaken with dilute potassium hydroxide, and 
the alkaline solution, after heating on the water-bath until free from 
ether, cooled and acidified, when a pale yellow, crystalline precipitate 
(3 grams) is obtained, which, after crystallisation from formic acid, 
melts at 73—74°. As the amount of acid obtained in this way was 
so small, another experiment was made, using magnesium. which has 
been rendered active by heating with iodine under the conditions re- 
commended by Baeyer (Ber., 1905, 38, 2759), but the yield was not 
much better. 

The disadvantage in the use of magnesium lies in the fact that 
excess has to be employed, and, when the product is subsequently 
treated with hydrochloric acid, a good deat of the unchanged bromide 
becomes reduced and thus very valuable material is lost. It was for 
this reason that this method was abandoned. 

Method III. The Reduction of B-Bromo-\-methyleycloheayl-4-acetic 
Acid (p. 1082).*—This method, which is probably the most satisfactory 
for the preparation of methylcyclohexylacetic acid, is carried out in the 
following way. £-Bromomethyleyclohexylacetic acid is dissolved in 
cold alcohol, mixed with acetic acid and a few drops of hydrochloric 
acid, magnesium turnings are then added, and the whole well agitated, 
care being taken that the temperature does not rise above 35°. As 
soon as the magnesium has dissolved, the product is distilled in steam, 
and the distillate, which contains besides methyleyclohexylacetic acid 
considerable quantities of methyleyclohexylideneacetic acid (m. p. 41° 
of Markwald and Meth, p. 1077), is then neutralised with sodium 
carbonate and oxidised with potassium permanganate (1 per cent.) 
until the pink colour remains. The filtrate and washings of the 
manganese precipitate are evaporated to a small bulk and acidified, 
when a colourless acid separates which, after crystallisation from 
formic acid, melts at 73° and consists of pure methyleyclohexylacetic 
acid. The acid prepared by each of the above methods was analysed 
with the following results : 


* Wallach (Annalen, 1907, 353, 313) has lately prepared 1-methyleyelohexyl- 
4-acetic-acid from ethyl 8-hydroxy-1-methyleyclohexyl-4-acetate by treatment with 
acetic-hydrobromic acid and subsequent reduction with zinc dust. The melting 
point (63—65°) which he gives is, however, too low. 
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I, 0:1442 gave 0°3674 CO, and 01332 H,O. C=694; H=10°3. 
II. 0:1589 ,, 0°4031 CO, ,, 01471 H,O. C=691; H=10°3. 
III. 01115 ,, 0°2826 CO, ,, 0°1032 H,O. C=69:1; H=103. 
C,H,,0, requires C = 69°2; H =10°3 per cent. 
1-Methylcyclohexyl-4-acetic acid melts at 73—74°, and is readily 
soluble in most organic solvents, but almost insoluble in culd water. 

It separates from dilute formic acid in colourless, glistening plates 
with a satiny lustre. 

The silver salt, C,H,,O,Ag, obtained by adding silver nitrate to 
a slightly alkaline solution of the ammonium salt, is a white, caseous 
precipitate, which rapidly becomes crystalline. It was well washed and 
dried over sulphuric acid : 

0:2665 gave 0°4000 CO, and 0:1363 H,O. C=41'3; H=5°7. 

03738 ,, 01546 Ag. Ag=41°3. 

C,H,,0,Ag requires C=41:1; H=5°7; Ag=41°l per cent. 

a- Bromo-1-methyleyclohexyl-4-acetic Acid. —The bromination of 
methyleyclohexylacetic acid was carried out under the following 
conditions. The acid (3°5 grams) was mixed with phosphorus penta- 
chloride (5 grams) in a tube, and, when the formation of the acid 
chloride was complete, bromine (4 grams) was added, the tube sealed, 
and heated in boiling water for ten hours. The product, which was 
only slightly coloured, was mixed with three volumes of formic acid 
(sp. gr. 1°22) and heated for about an hour on the water-bath, when it 
was noticed that the liquid had separated into two layers. Since no 
crystallisation * took place after standing for twenty-four hours, the 
bromo-acid was precipitated by adding water, the gum which separated 
was kneaded with cold water until it had solidified, and, after washing 
well and draining on porous porcelain, the substance was finally 
crystallised from formic acid : 

0°1938 gave 0°3285 CO, and 01115 H,O. C=46:2; H=6-4. 

02651 ,, 02114 AgBr. Br=34-0. 

C,H,,BrO, requires C=46-°0; H=6°4; Br=34:0 per cent. 
a-Bromo-1-methylcyclohexyl-4-acetic Acid melts at 78°, is readily 
soluble in hot formic acid, and the solution clouds on cooling, but 
if stirred vigorously the bromo-acid separates in glistening leaflets. 

Ethyl a-bromo-1-methylcyclohexyl-4-acetate was prepared in two differ- 
ent ways. In the first place the bromo-acid chloride, obtained as 
described above, was poured into alcohol, and, after remaining for 
twenty-four hours, the alcoholic solution was diluted with water, the 


* If, however, a crystal is available and is added at this stage, the bromo-acid 
rapidly erystallises and, after filtering and washing with a little cold formic acid, is 
almost pure. 
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heavy oil extracted with ether, the ethereal extract washed with water 
and dilute sodium carbonate, dried, and evaporated. 

The viscid, unpleasant smelling bromo-ester was placed over 
sulphuric acid in an evacuated desiccator until free from ether. 

Subsequently, the bromo-ester was prepared by leaving the solution 
of the pure bromo-acid in 10 per cent. alcoholic sulphuric acid for 
three days. The product was diluted with water, the heavy oil 
extracted with ether, the ethereal solution was washed with sodium 
carbonate, dried, and evaporated. After remaining for two days over 
sulphuric acid in an evacuated desiccator, the viscid, almost colourless 
oil yielded the following result on analysis : 

0°2642 gave 01851 AgBr. Br=29°8, 

C,,H,,0,Br requires Br = 30-4 per cent. 

B-Bromo-1-methyleyclohexyl-4-acetic Acid.—This substance was pre- 
pared by two different methods, namely, by the action of fuming 
hydrobromic acid on B-hydroxymethylcyclohexylacetic acid (p. 1077), and 
on methylcyclohexylideneacetic acid (m. p. 41° of Markwald and Meth, 
p. 1077). 

The hydroxy-acid dissolves readily in fuming hydrobromic acid 
(saturated at 0°), and in a few minutes the solution clouds and 
crystals begin to form, After adding water, the crystalline precipitate 
is collected, left in contact with porous porcelain until quite dry, and 
crystallised, first from formic acid, and then from light petroleum 
(b. p. 50—60°). From this latter solvent, the substance separates in 
magnificent, glistening prisms melting at 87°: 

0°2120 gave 0:1691 AgBr. Br=33°9. 

C,H,,0,Br requires Br = 34:0 per cent. 

In the second experiment, methylcyclohexylideneacetic acid was finely 
powdered and stirred with fuming hydrobromic acid (saturated at 0°), 
when it partly dissolved, and was then converted into an oil, which 
soon solidified. The product was diluted with water, the precipitate 
collected, dried on porous porcelain, and then crystallised from light 
petroleum. The substance separated in glistening prisms, melted at 
87°, and was identical with the bromo-acid obtained by the first pro- 
cess. This bromo-derivative has already been prepared by this latter 
method by Wallach (Annalen, 1907, 353, 312). 


a-Hydroxy-\-methylcyclohexylacetic Acid, 


CH,*CH 
CHMe<,, H2-CH{> CH-CH(0H)-CO,H. 


This acid is produced when the corresponding bromo-acid (p. 1081) is 
boiled with sodium carbonate or dilute potassium hydroxide for about 
half an hour. The alkaline solution is extracted with ether to remove 
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a trace of neutral oil, acidified, and again extracted four or five times. 
The ethereal solution is dried and evaporated to a small bulk, when the 
hydroxy-acid soon separates in colourless, glistening plates. After 
recrystallisation from ether, the following results were obtained on 


analysis : 
0'1840 gave 0°4202 CO, and 0°1508 H,O. C=62:3; H=9'l. 
01825 ,, 0°4204CO, , 0°1510H,O. C=628; H=92. 
C,H,,0, requires C=62°8 ; H=9°3 per cent. 
a-Hydroxy-1-methylcyclohexyl-4-acetic acid melts at 148°, and is 
sparingly soluble in cold water, but dissolves somewhat readily on 
boiling and separates, when the solution is allowed to cool slowly, in 
striated plates often aggregated in the form of stars. The solution in 
dilute sodium carbonate is stable to permanganate. 

When the powdered acid is stirred with concentrated sulphuric acid, 
carbon monoxide soon begins to be disengaged, and the evolution 
is rapid if the mixture is warmed at 40°. If, as soon as the decom- 
position has ceased, the brown solution is diluted with water, a 
pleasant smelling oil separates, which is probably the corresponding 
aldehyde (compare Wallach, Annalen, 1906, 347, 346). At 60—70°, 
the hydroxy-acid is rapidly decomposed by sulphuric acid, sulphur 
dioxide is produced, and the solution becomes very dark coloured. 

The silver salt, C,H,,0,Ag, was obtained as a chalky precipitate 
when silver nitrate was added to a warm slightly alkaline solution of 
the ammonium salt. For analysis, the substance was dried first over 
sulphuric acid and then in the water-oven : 


03771 gave 0'1460 Ag. Ag=38°7. 

C,H,,0,Ag requires Ag = 38:7 per cent. 

The ethereal mother liquors from the crystallisation of the hydroxy- 
acid (see above) were evaporated, when a viscid oil remained which 
soon crystallised. After remaining in contact with porous porcelain 
for a couple of days, the residue was dissolved in hot water, digested 
with animal charcoal, and the colourless solution concentrated, when, 
on cooling, a large quantity of the same hydroxy-acid of melting point 
148° separated. It was to be expected that during the bromination of 
1-methyleyclohexyl-4-acetic acid and subsequent conversion of the 
bromo- into the hydroxy-acid, two stereoisomeric modifications would 
result, and therefore the mother liquors of the two acids were very 
carefully investigated, but in neither case could any evidence of the 
existence of a second modification be obtained. 
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1-Methylcyclohexylidene-4-acetic Acid, 


CHMe<oi CHC CH-CO,H ? 

In our first attempts to prepare this acid, a series of experiments 
were made with the object of eliminating hydrogen bromide from 
a-bromo-1-methyleyclohexy1-4-acetic acid by means of alcoholic potash, 
diethylaniline, &c., but without success. In the case of diethylaniline, 
for example, a considerable quantity of a viscid, neutral oil was formed 
which had an odour resembling that of oenanthol. When, however, 
the ester of the bromo-acid was heated with diethylaniline, the reaction 
appeared to proceed normally. 

Ethyl] a-bromomethyleyclohexyl acetate (25 grams) was digested for 
three hours with freshly-distilled diethylaniline (70 grams), care 
being taken that both substances were quite dry. The dark 
brown liquid was dissolved in ether and extracted with hydrochloric 
acid until quite free from diethylaniline, the ethereal solution 
was filtered from a little tarry matter, dried, and the ether 
evaporated. The residual oil was then distilled under reduced pres- 
sure, when almost the whole quantity passed over at 156—158° 
(100 mm.). Two different preparations gave the following analytical 
results : 

0:2085 gave 0°5513 CO, and 0°1956 H,O, C=72:1; H=10°4. 

0°1664 ,, 04416 CO, ,, 01542 H,O. C=72°3; H=10°3. 

C,,H,,0, requires C=72°5; H=9-9 per cent. 

Ethyl 1-methyleyclohexylidene-4-acetate is a colourless oil, which 
appears to distil under ordinary conditions without decomposition, and 
possesses in a marked degree the unpleasant odour characteristic of 
unsaturated esters. The free acid was obtained by digesting the 
ester (15 grams) with methyl-alcoholic potash (8 grams KOH), when 
hydrolysis took place rapidly, and, after a few minutes, water was 
added and the solution evaporated until quite free from methyl 
alcohol. The alkaline liquid was cooled with ice and acidified with 
hydrochloric acid, when a crystalline acid separated, which was 
collected and twice crystallised from formic acid (D = 1-22): 

0°16]9 gave 04142 CO, and 0:1380 H,O. C=69°8; H=9-4. 

071134 ,, 0:2903 CO, ,, 0°0955 H,O. C=69'8; H=9°3. 

C,H,,0, requires C=70°1; H=9:1 per cent. 

Obtained and purified in this way, methylcyclohexylidene-4-acetic 
acid softens at about 63°, and melts at about 70° ; it is readily soluble 
in warm formic acid, from which it separates as a satiny, crystalline 
mass, somewhat resembling benzoic acid. It dissolves readily in 
benzene or light petroleum, but is almost insoluble in cold water. If, 
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however, the acid is boiled with a large volume of a water, the filtered 
solution deposits a voluminous, crystalline mass, which mats together 
like cotton wool. The solution of the acid in sodium carbonate 
decolorises permanganate rapidly, even at 0°. 

During the course of this investigation, a considerable quantity 
(about 20 grams) of the above acid was prepared, but, in spite of 
repeated recrystallisation from various solvents, the melting point 
was always unsatisfactory. In order to obtain further evidence of 
the constitution of this acid, 10 grams were oxidised in dilute alkaline 
solution by ozone, and, as soon as the ozone passed freely, the solution 
was diluted, acidified, and placed in the ice-chest. After a few days, 
a small quantity of a crystalline acid had separated, which, after 
crystallisation from formic acid, melted at 73°, and was found to 
consist of 1-methyleyc/ohexy]-4-acetic acid : 

0°1240 gave 0°3122 CO, and 01174 H,O. C=68-7; H=10°5. 

C,H,,0, requires C =69°2; H=10°2 per cent. 

The quantity of this acid obtained was nearly half a gram, and it is 
therefore obvious that reduction must have taken place to some 
extent, probably during the elimination of hydrogen bromide from 
ethyl bromomethyleyclohexylacetate by diethylaniline. In spite of 
the analytical data, the methyleyclohexylideneacetic acid described 
above is evidently not a pure substance, and the melting point given 
must therefore be considered as quite unreliable. 

The principal product of the oxidation of this acid by ozone is a 
syrup readily soluble in water, and from which, so far, it has not been 
found possible to isolate anything crystalline. 


The authors wish to thank Messrs. G. B. Stones and W. N. 
Haworth for valuable assistance in carrying out the above ex- 
periments. 
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OX.—The Synthesis and Constitution of Certain 
Pyranol Salts Related to Brazilein and Haematein. 


By Witi1am Henry Perkin, jun., Ropert Rosinson, and (in part) 
Maurice Russet, TuRNER. 


Durtne the course of synthetical experiments made in connexion with 
the researches on the constitution of brazilin and hematoxylin (Trans., 
1908, 93, 490), we found it necessary to study the condensation of 
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aldehydes with 1-hydrindones, and the results of the first part of this 
investigation have been published (Trans., 1907, 91, 1073). Most of 
these condensations were carried out in the presence of alkali; thus, 
for example, p-methoxysalicylaldehyde and 5 :6-dimethoxy-1- 
hydrindone condense in the presence of methyl-alcoholic potash to 
form 2'-hydroxy-4’ : 5 : 6-trimethoxy-2-benzylidene-1-hydrindone, 


MeO’ \OH co-” ome 


pe A a rl 


CH:0*CH, 


In the case of condensations with f-resorcylaldehyde, it was found 
impossible to employ alkali, and hydrogen chloride was used instead ; 
thus, for example, B-resorcylaldehyde and 1l-hydrindone condense in 
the presence of hydrogen chloride in glacial acetic acid to form 
2’: 4'-dihydroxy-2-benzylidene-l-hydrindone hydrochloride (loc. cit., 
1092), which, on decomposition with water, yields the unsaturated 


ketone, 
oH’ \oH co-/ » 
| | 


, 
VA ‘ a i. di 
CH:C-CH, 


In one experiment, not described in the previous paper, we employed 
alcoholic hydrogen chloride instead of the glacial acetic acid solution, 
and found that the result was entirely different, since the product did 
not deposit crystals, and when diluted with water gave a clear liquid, 
from which, after some hours, a quantity of orange crystals 
separated. 

In endeavouring to understand this difference in behaviour, we 
were struck with the similarity in appearance and properties of these 
orange crystals with the substance which Biilow and Sicherer (Ber., 
1901, 34, 3890) obtained by the interaction of resorcinol and benzoy!- 
acetaldehyde in presence of hydrochloric acid. Biilow and Sicherer 
formulate this process thus : 


oH + CH(OH):CH-CO-C,H, + HCl 
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and the product is 7-hydroxy-2-phenylbenzopyranol(1:4) hydro- 
chloride. It is an orange, crystalline substance, and its other proper- 
ties correspond almost exactly with those of our orange crystals. 
These and other considerations suggested to us that in our experiments 
also a pyranol derivative had probably been produced, namely, 
7-hydroxy-2 : 3-indenobenzopyranol(1:4) hydrochloride, a substance 
which we may, in the meantime, represent as being formed ,according 
to the scheme : 


HO’ NOH CO —f 


[| | —> ee 
SVLALS 


CH(OH) GH, 


A i 
a de” vA 
CH(OH) GH, 


Such a process as this is, of course, unusual, since elimination of 
water from an aldol grouping generally takes place in such a way that 
>CH(OH)-CH< becomes -CH:C<. In order to determine whether 
such a change as that represented above can actually take place, we 
investigated the condensation of B-resorcylaldehyde with acetophenone 
under the same conditions, since, if the process proceeded in the same 
way in this case also, the product would be the pyranol salt obtained 
by Biilow and Sicherer, and this we found was the case. 

This fact was published in a preliminary communication (Proc., 
1907, 23, 149), and shortly afterwards Decker and von Fellenberg 
(Ber., 1907, 40, 3815) investigated this and other analogous cases with 
the same results. It is clear that this important method of formation 
of pyranols is a general one. The aldehyde condenses with the 
ketone to yield an aldol, which, under the influence of hydrogen 
chloride, undergoes intramolecular change with formation of the 
pyranol hydrochloride. We have investigated several cases of this 
kind, and the results are described in detail in the experimental part 
of this research. 

While engaged in this investigation, we became greatly interested 
in the problem of the mechanism of the formation of these pyranols, 
and this led us to examine the formation and composition of a variety 
of salts, many of which are highly interesting. The difficult problem 
in connexion with these salts is to decide how much water they contain 
as water of crystallisation. In illustration of this important point, 
we may take the case of 7-hydroxy-2-phenylbenzopyranol (1 : 4) hydro- 
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chloride (p. 1098). The composition of this substance corresponds with 
the formula 


All the hydrochlorides described in this communication could be 
built up on this type, except that in some cases, as, for example, 
in the case of 7-hydroxy-2 : 3-indenobenzopyranol (1 : 4) hydrochloride 
(p. 1100), the salt contains water of crystallisation as well. The 
question, however, arises whether the above formula really represents 
the constitution of the hydrochloride, or whether it should be written 


= 


HO’ \F Ag, FCoE, #0. 


Ae 


In other words, does the production of the oxonium salt from the 
pyranol and hydrochloric acid involve the elimination of water, and are 
these salts, in reality, anhydrohydrochlorides 1 

Decker (Annalen, 1907, 356, 302) considers that this is the case, 


and he proposed the formula 
- 


HOY Sgotaaro 


YZ 
Ma 


for the pyranol anhydrohydrochloride, which we have taken as the 
example. 

Our view differs from that of Decker, in that we consider that the 
anhydropyranol salts must be represented as o-quinonoid, that is to 
say, that we represent the anhydrohydrochloride in question as having 


the constitution 
ro 


Ho \/ ae 
\A (oH 


and the reasons for this view are given later (p. 1090). 


h 
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The evidence at present available is not sufficient to make it possible 
to decide definitely that the pyranol hydrochlorides are anhydro-salts, 
put, as there are many considerations which favour this view, we shall, 
in the following pages, represent them as such. 

The colour of the salts is not very much affected, for example, when 
the anhydrohydrochlorides are converted into double salts, which are 
unquestionably anhydro-salts, and this certainly denotes similarity in 
structure. In order to obtain as much evidence as possible bearing on 
this point, a large number of the double salts of the pyranol anhydro- 
hydrochlorides with platinic chloride, ferric chloride, and, in a few 
cases also, with gold chloride have been prepared and analysed. The 
platinichlorides are precipitated from solutions of the anhydro- 
hydrochlorides by platinic chloride, and, after drying over sulphuric 
acid in a vacuum, have the composition (pyranol,HCl),PtCl,. If, 
however, these salts are recrystallised from dilute hydrochloric acid, 
they lose water, and have the composition (pyranol, HCI-H,O),PtCl,. 
The recrystallised platinichloride of 7-hydroxy-2-phenylbenzopyranol 
(1:4) is undoubtedly an anhydrosalt of the formula (1), 


ot 
Hof \7 Ag, -O,H,| PtCl, HO’ ete -C,H,| PtCl, . 
VNe CH /;, An oH 2 


Pia 


but the salt sii water may either have the constitution (II) or 
be simply the anhydro-salt plus water of crystallisation. 

All the ferrichlorides which we have prepared are derivatives of the 
anhydrohydrochloride ; thus, for example, the anhydroferrichloride of 
2 : 3-indenobenzopyranol (1 : 4) is represented by the formula 


— 
iY Ag. 
VY ce 


H, 


These facts, and other evidence which has gradually accumulated, are 
clearly strongly in favour of the proposition that the pyranol salts are 
formed with elimination of water, and are, in fact, anhydro-salts. 

If this is the case, the question now arises whether Decker’s view of 
their constitution or our view is correct (p. 1088). There seems to be 
no reason why substances having the constitution suggested by Decker 
should be strongly coloured. The linkings in his skeleton formula (III) 
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are in a similar position to those in naphthalene and in quinoline, and 


3303), bas shown that xanthhydrol, and especially naphthaxanth- 
hydrol, dissolve in acids with the formation of coloured oxonium salts, 

If now the formula of an indenobenzopyranol, for example, 
2 :3-indenobenzopyranol(1: 4) (V) be compared with that of pheno- 


these substances do not yield coloured compounds unless, of course, c 
some chromophore be introduced. The system (IV) which we have - 
Cl Cl el 
O O 
6 ae ee 
x 
WZ" WV ; 
C CH 
(III.) (IV.) 
advocated contains, on the other hand, an o-quinonoid structure, and 
might for this reason be expected to yield strongly coloured derivatives, : 
Werner, in a very interesting and important paper (Ber., 1901, 34, ‘ 
Q 


1 : 2-naphthaxanthhydrol (VL), it will be seen that the groups essential 
to our argument are the same in both cases. The anhydroferrichloride 
of naphthaxanthbydrol is exactly similar to that of indenobenzo- 
pyranol, since both crystallise well from acetic acid, are highly coloured, 
and have the composition of anhydro-salts. But the anhydroferri- 
chloride of naphthaxanthhydrol can only be o-quinonoid, whether it 
be represented by the formula 
FeOl, “\ 
O 

OLyy 

WANA 
CH 


or with the double linkings arranged in connexion with the naphtha- 
lene nucleus. Since, then, such an arrangement is associated with 
highly coloured salts, we consider that this, although indirect, is 
strong evidence in favour of our view that the anhydropyranol salts 
have an o-quinonoid structure. 

The next important step in connexion with the problem of the 
mechanism of the formation of anhydropyranol salts was the observa- 
tion which we have made that the unsaturated ketones can be readily 
converted into anhydropyranol salts by the action of hydrochloric 
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acid. When, for example, 2’: 4’-dihydroxy-2-benzylidene-1-hydr- 
indone (Trans., 1907, 91, 1093) is boiled with hydrochloric acid, it is 
converted into 7-hydroxy-2 : 3-indenobenzopyranol (1 : 4) anhydrohydro- 


chloride : 
° 


HO’ or Pi 8 not a HO/ i KO 5H1,0, 
\ eee ae Way 


that is to say, into the substance which is obtained by the cabins 
of B-resorcylaldehyde and 1-bydrindone in presence of hydrochloric 
acid. It might be urged that the intermediate aldol condensation 


product : 
HO/ OH co—/ 


| 
Negi -OH,/ Nae 


doubtless formed in this latter condensation, is next converted into 
the unsaturated ketone hydrochloride, and that this then yields the 
anhydropyranol salt owing to the continued action of the hydrochloric 
acid, in which case the two methods of formation would be identical. 
This view does not, however, appear to be the correct one, because the 
unsaturated ketone hydrochloride is a deep red substance and changes 
into the anhydropyranol salt only gradually, whereas the condensation 
between B-resorcylaldehyde and 1-hydrindone is very rapid, and there 
is no appearance of an intermediate red substance being formed. 
These observations could always be made during the many condensa- 
tions of a similar character which we have investigated, and the 
difference between the slow rate of the formation of the pyranol 
anhydrohydrochloride from the unsaturated ketone and its rapid 
formation by the condensation of the aldehyde and ketone is especially 
marked in the case of the synthesis of 4’ : 5’: 7-trimethoxy-.? : 3-indeno- 
benzopyranol (1 : 4) anhydrohydrochloride (p. 1106). 

We next found that the unsaturated ketones can be regenerated 
from the pyranol salts by the action of alkali. 

Thus 4’ : 5’-dimethoxy-2 : 3-indenobenzopyranol (1 : 4) anhydrohydro- 
chloride (p. 1103), on treatment with alcoholic potash, yields 2’-hydroxy- 
5 : 6-dimethoxy-2-benzylidene-1-hydrindone : 


/ \oH ad ‘ome. 


‘Wa 
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This change requires some explanation. The first product is the 
pseudo-base, or, in other words, the pyranol * : 


/ \—0-—¢——/ ‘oMe 


| 
A, Fa es 


Wa: on 
This substance is then hydrolysed and converted into I, which, 


( ‘oH HO-c-—/ Noe a Nou (o—/ ‘om 
~~ A iw A RN / —" 
rs ‘i 


CH:OH CH:OH 
(I.) (11.) 

in its tautomeric form, II, loses water in the presence of alkali, 
with formation of the potassium salt of the unsaturated ketone. 

During the course of our experiments, we have obtained further 
evidence of considerable interest bearing, not only on several of the 
questions already discussed, but, more particularly, on the mechanism 
of the formation of anhydropyranol hydrochlorides from unsaturated 
ketones. Our experiments show that when a pyranol is made from 


* In the scheme given above, we have represented the pyranol pseudo-base in the 
usual manner, but there are reasons for doubting whether this formula is the correct 
one. It does not, for example, account for the intense colour characteristic especially 
of the hydroxypyranol bases. The first product of the action of alkali on such a 
salt as 7-hydroxy-2-phenylbenzopyranol (1 : 4) anhydrohydrochloride, 


3 


| O\¢ Ao ‘OH; 


3 


\A AE 
CH 


is probably the oxonium hydroxide (I), which might well be converted by isomeric 
change into the expression (II), and this, not improbably, represents the true constitu: 
OH 
O 


HO Y Now, Hy, 


a 

CH 

(I.) 

tion of the pyranol pseudo-base. This formula contains an o-quinonoid grouping and 
accounts well for the coloured nature and other properties of the pyranols. This scheme 
also seems to be of wide application, not only to the pyranols, but also to other 
coloured pseudc-bases. The colour of all substances of this class is influenced and 
intensified in a marked degree by the presence of (auxochromic) hydroxy-groups in 
the o-quinonoid nucleus, whereas hydroxy-groups in the other nucleus exercise little 
influence on the colour, 
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an unsaturated ketone by the action of hydrochloric acid, the first 
step is the production of a ketone hydrochloride, which by the 
further action of hydrochloric acid is converted into a dichloride. 

2-Hydroxybenzylidene-2’ : 4’-dimethoxyacetophenone, for example, 
yields a red, crystalline hydrochloride when its solution in glacial 
acetic acid is saturated with hydrogen chloride, and this hydro- 
chloride is readily decomposed by water into the ketone and 
hydrochloric acid. When this red salt is warmed in acetic acid 
solution at 50°, the colour becomes orange-red, a change which 
is due, as will be directly explained, to the formation of an oxonium 
salt. 

If, in the above experiment, ordinary concentrated hydrochloric 
acid is employed, the same red substance is obtained, and, on warming, 
this dissolves with formation of an orange solution, from which a red, 
crystalline substance separates on cooling. This substance has the 
composition C,,H,,0,Cl,,2H,O, and, when treated with water, the 
extra chlorine atom is removed with the formation of the anhydro- 
pyranol hydrochloride. Other unsaturated ketones exhibit an exactly 
similar behaviour under the above conditions, and we are of opinion 
that these interesting changes are to be explained in the following 


Cl 


ie if ‘\ OH HO-C-R 
HCl —> L) _H,0 
A + / Non. Ou 2 
Red hydrochloride. 


Oxonium base of dichloride. Dichloride. 


In examining this series of changes, it will be convenient, in the 
first place, to discuss the constitution of the ketone hydrochlorides, 
and, in attempting this difficult problem, one fact must especially 
be kept in view, namely, that the hydrochloride must be so formulated 
as to be capable of losing water with the formation of a closed oxygen 
ring. There are six formule which appear to satisfy this condition : 

Cl 
(OH HO-G-R (OH HO-C-R 
\ \cHol% H VY \_cHZ JOH 
(L) (IL.) 
4c2 
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Cl Cl 
‘oH HU:0R /™:0-H HO-C-R 
| | Mm 
TO i \AN\og_/= 
(LII.) . (IV.) 
Cl 
je 
/\\oH HO-C-R ‘oH HO°C: a 
| | H | | He mF * 
Nee \A\_cHZ HS 
(V.) (VI.) 

Against I, II, and IIL it may be urged that the chromophoric 
grouping contained in either of these is not sufficient to account for 
the striking red colour of the salts of the unsaturated ketone. 

Probably III would be the most highly coloured, but hardly more 
so than the unsaturated ketone from which it is derived. 

Formula VI can hardly be correct, because it is well known that 
the second aromatic nucleus is not essential to the formation of 
coloured salts. Thus dibenzylideneacetone forms coloured salts with 
mineral acids, and the same is true of anisylideneacetone. 

Formule IV and V both exhibit an o-quinonoid structure, and may 
therefore well explain the deep colour of the salts of unsaturated 
ketones. It is difficult to decide between these two formule, and, 
before attempting to do so, we propose to consider whether the 
arguments which have so frequently been urged against the 
o-quinonoid structure for coloured substances are to be accepted. 

There are several classes of substances the salts of which have been 
recognised as probably being carbonium or oxonium compounds. 
Thus Fox and Hewitt (Trans., 1908, 93, 337) assign formule such as 

Fs 


HNC >:0¢ oo 


to the hydrochlorides of hydroxyazo-compounds. Rosaniline salts are 
considered by Baker (Trans., 1907, 91, 1499) to be carbonium salts 
derived from the scheme 
NH,°C,H, — Cl 
el - 
NH,;C,H, PONS \NH, 


C,H,:N 


But it is especially the non-nitrogenous derivatives of triphenyl- 
carbinol which have been most completely investigated from this 
point of view, and the evidence which has accumulated certainly 
seems to prove that the triphenylcarbinol salts are not p-quinonoid 
in structure. Baeyer (Ber., 1907, 40, 3083) and also Tschitschibabin 
(Ber., 1907, 40, 3965) have investigated tri-p-chlorophenylearbinol, 
and they find that its hydrobromide and sulphate do not lose chlorine 
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when treated with silver nitrate or other similar reagents. This 
behaviour clearly proves that the hydrobromide of tri-p-chlorophenyl- 
carbinol cannot be represented by the p-quinonoid formula (1). 

Cl nti 
"adi oy 
(ClO,H,),0-. A (CIC SH, ).C-< pu 


(L.) (11.) 

This and all other similar arguments which have, so far, been 
brought forward do not, however, in our opinion hold against the 
o-quinonoid structure (II). 

Baeyer and Villiger (Zettsch. angew. Chem., 1906, 19, 1287) have 
suggested an o-quinonoid structure for the salts of o-hydroxytriphenyl- 
carbinol, but afterwards rejected it. This substance dissolves in aceto- 
sulphuric acid with the formation of an intensely red salt, but 
no indication of the intermediate formation of a quinone could be 
observed when the salt was decomposed by water. Baeyer and 
Villiger conclude that this behaviour is a clear proof that the red 
salt cannot have the constitution : 


7\:0<50, 


\ J ACoHs)s 

It seems to us, however, that it is very doubtful whether a salt of 
this formula would give a yellow quinone when decomposed by water, 
and even if it did, the yellow quinone might be very unstable and 
immediately pass into the colourless carbinol, and thus escape 
detection. As far, therefore, as we are able to judge, there are no 
sound reasons against ascribing an o-quinonoid structure to the 
salts of triphenylearbinol or dibenzylideneacetone, and, indeed, there 
seems every reason to believe that both o- and p-quinonoid structure 
must be accepted in explanation of colour or the formation of 
coloured salts.* As the result of these and other considerations, 
we are strongly inclined to the opinion that o-quinonoid structure 
is probably the reason for the colour of the salts of unsaturated 


* In the case of the salts of some unsaturated compounds, the structure may well 
be p-quinonoid. Thus the sulphate of isosafrole may, not improbably, have the 
formula (I), and the coloured hydrochloride of the corresponding aldehyde may have 
the constitution (II) : 


0 ! 0 
of, /~:CH*CH,'CH, of, ” 7“ :CH-0H 
‘ VS ps ad 
HSO, cl 


(I.) (II.) 
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ketones, and we therefore selected formule IV and V as the only 
possible expressions for the hydrochlorides. 
Cl Cl 
| 
(Ni0-n HO-O-R ‘jon HO-¢-R 


\WNonp_ 7 \ANoq 
(Iv.) (v.) 


When water is eliminated from these expressions, we arrive at 
the formule 
rs 


INO Pros 
VA ie8 


“ar (VIII.) 
for the base of the dichloride, and from these the structure of the 
dichloride itself is obtained by the addition of hydrogen chloride. 
In the case of VIII, this formation of the oxonium salt is simply 
due to the addition of hydrogen chloride to the oxygen atom in 


the usual manner : 
x 


ba 
Cl 


O 
( YER 
—a 
CH 
(X.) 
but in the case of VII the hydrochloride must be formed by the 
addition of hydrogen chloride to the chlorine atom, which thus becomes 
tervalent. It is not possible to decide definitely, at present, between 
these two formulz, and it would, indeed, be difficult to suggest a line of 
experimental inquiry which could distinguish between two such 
expressions. Several considerations which have been indicated in the 
foregoing pages seem to us to point rather to IX as the correct 
expression, and we have therefore adopted formule based on this in 
the present paper. 

Many interesting considerations arise from the study of the 
mechanism of the formation of the pyranol anhydro-salts, and there 
is one point to which we should like to direct special attention in the 
present communication. The selection of IX as the formula for the 
dichloride’ does not definitely decide whether IV or V (p. 1096) 
represents the unsaturated ketone hydrochloride, but it is obvious that 


nly 
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IV is the more probable. If this formula be compared with that of 
the unsaturated ketone : 


cl 
( ou (on 
\/NCH:CH-CO-R \Y \Now-CH:C(OH)R 


the addition of hydrogen yand chlorine in the formation of the 
hydrochloride appears, at first sight, to be unusual, This difficulty, 
however, at once disappears when the change is compared with that 
which is so well known to take place in systems containing conjugated 
double linkings, In the case under discussion, the system 
*O(OH).¢-CH-CH.C-0 
R 


becomes 
Cl-C(OH)-C-CH’CH.C-OH, 


R 


that is to say, the addition of hydrogen chloride takes place at the 
extreme ends of a system of three double linkings. In considering 
this case and the analogous case of substances which contain two 
conjugated double linkings, it has occurred to us that the theory of 
partial valency worked out by Thiele is unnecessarily complicated, and 
this led us to devise the following simple explanation, which is based 
on the usual spacial conceptions. 

If in the case R°CH:CH:CH:CH-R we write free valencies in the 
place of the double linkings and adopt the “Spannungs Theorie” of 
Baeyer, we obtain the scheme 


vA 
CH-GH 


A. 
R-CH CH-R , 

ee ad 
and it is now only necessary to assume that the addition of two atoms 
of bromine, for example, takes place to the free valencies which are 
closest together or can be brought together with the least strain, and 
we obtain as the additive product 


. 
CH-CH 


sz mN 
R-CH CH-R , 

Mio ual 

Br Br 
and if we employ the ordinary method of expression this becomes 
R:CHBr°CH:CH:CHBr:R. 
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When this ‘method of representation is applied to the case of the 
unsaturated ketone, its formula 
oH’ 
“on Pi “\4 


| becomes | 


eo / 
Ng-R 


y, OH’ 
\/NGHICH-CO-R 4 \ow/? 


and the addition of hydrogen chloride again takes pl: ace to those free 
valencies which approximate most closely to one another, and leads to 
the formula (I) for the hydrochloride, which, expressed in the 


Cl 
fr Now 


\/ \oH-CH:C(OH)-R 
(II.) 
ordinary way, becomes (II). We have satisfied ourselves that other 
changes, due to the addition of halogens, halogen acids, &c., to 
systems of conjugated double linkings, may be equally well explained 
in this simple manner, 


EXPERIMENTAL. 


7-Hydroxy-2-phenylbenzopyranol (1:4) Anhydrohydrochloride, 
Cl 
O 


HO’ \7 ON 0-0 4 


5,110. 
Age 


This substance is readily obtained when acetophenone (5 grams) 
and f-resorcylaldehyde (5 grams) are dissolved in glacial acetic acid 
(25 c.c.) and a slow stream of hydrogen chloride is passed into the 
cooled solution. The liquid becomes yellow and then red, and, in a 
few hours, orange-yellow crystals separate. After standing overnight, 
these are collected, washed with acetic acid, and recrystallised from 
very dilute hydrochloric acid. 

This hydrochloride is identical with that obtained by Biilow and 
Sicherer (Ber., 1901, 34, 3889) by the condensation of resorcinol 
with benzoylacetaldehyde in the presence of hydrochloric acid, a fact 
which was proved by direct comparison of samples of this substance 
obtained by the two processes * and by the following analysis : 

* Biilow and Sicherer state that this hydrochloride melts at 152—153°, but all 


the specimens we prepared darkened at about this temperature without exhibiting a 
definite melting point, 


‘ree 
3 to 
the 


or 


d 
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0:1717 gave 0:0896 AgCl. Cl=12°7. 
C,,H,,0,,HCI requires Cl= 12-7 per cent. 

The orange-red platinichloride was also prepared and analysed : 
0:1889 gave 0°0412 Pt. Pt=21°8. 

(C,,H,,0.Cl),PtCl,,2H,O requires Pt =21°7 per cent. 
When this salt is crystallised from formic acid, in which it is 
sparingly soluble, it is obtained in deep orange crystals, which, after 
drying at 100°, gave on analysis : 

02150 gave 0:0492 Pt. Pt=22°9. 

(C,;H,,0,Cl),PtCl, requires Pt = 22°8 per cent. 

This interesting result shows that this platinichloride exists 
in two modifications, and, after crystallisation, is the anhydro- 
compound. 

It is doubtful whether the substance which Biilow and Sicherer 
(loc. cit., p. 3895) obtained by methylating the above pyranol is a true 
7-methyl ether, because their product did not fluoresce in concentrated 
sulphuric acid solution. §7-Methoxy-2-phenylbenzopyranol(1 : 4), 
prepared from acetophenone and p-methoxysalicylaldehyde, shows in 
sulphuric acid solution a very intense, bluish-green fluorescence, which 
is not destroyed by dilution with water. 


2 : 3-Indenobenzopyranol (1:4) Anhydroferrichloride, 


‘eo ee 
DAnALAVS 
CH CH, 


In order to prepare this substance, 2 grams of 2’-hydroxybenzylidene- 
a-hydrindone (Trans., 1907, 91, 1087) are dissolved in alcohol 
(50 ¢.c.), and concentrated hydrochloric acid (25 c.c.) is then added to 
the boiling solution. The liquid is then boiled for ten minutes 
and diluted with an equal volume of water. The substance is now 
present as an oxonium salt (compare p. 1090), and therefore no 
separation occurs. 

On the addition of ferric chloride, a voluminous, yellow precipitate 
is obtained, which is collected and crystallised from glacial acetic acid. 
It is moderately soluble in the hot solvent, but very sparingly so in the 
cold. After drying at 100°, the bright yellow, glistening plates gave, 
on analysis, the following results : 

0:1221 gave 0:2063 CO; and 0°0297 H,O. C=461; H=2°7. 
C,,H,,0,FeCl, requires C= 46-0 ; H =2°6 per cent. 
This anhydroferric salt is somewhat soluble in water, but very 
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sparingly so.in water containing hydrochloric acid. It melts, 
apparently without decomposition, at 175°. When this salt or a drop 
of the oxonium solution is dissolved in sulphuric acid, the solution 
shows a splendid blue fluorescence. 

The platinichloride.—W hen platinic chloride is added to the oxonium 
solution, obtained as described above, orange-yellow crystals gradually 
separate, and may be recrystallised from hot formic acid, in which the 
platinichloride is only moderately soluble. 

The orange prisms, after drying at 100°, gave on analysis : 

0:1281 gave 0:2129 CO, and 0:0310 H,O. C=45°3; H=2°7. 

(C,,H,,OCl),PtCl, requires C= 45°4 ; H=2°5 per cent. 


7-Hydroxy-2 : 3-indenobenzopyranol (1:4) Anhydrohydrochloride, 
Cl 


0 
, 
HO/ 7 —_/ 3H,0. 


DPA. 
CH OH, 


This substance is obtained by the condensation of #-resorcyl- 
aldehyde with a-hydrindone in the presence of hydrogen chloride. 

a-Hydrindone (2 grams) and #-resorcylaldehyde (2 grams) are 
dissolved in methyl alcohol (30 c.c.), and hydrogen chloride is passed 
sufficiently rapidly to raise the solution to the boiling point. The 
liquid becomes dark reddish-orange, and acquires a green fluorescence. 
After half an hour, the product is poured into hot dilute hydrochloric 
acid (200 c.c.), rapidly filtered, and the filtrate allowed to cool 
slowly, when brownish-orange groups of crystals separate. The crystals 
(3°5 grams) are collected and recrystallised from hot dilute methyl 
alcohol containing hydrochloric acid, when brownish-orange, glistening 
prisms are obtained. After being dried over sulphuric acid in a 
vacuum desiccator : 

01190 gave 0°2590 CO, and 0°0564 H,O. C=595; H=5:2. 

02142 ,, 0°0945 AgCl. Cl=10°8. 

C,,H,,0,C1,3H,O requires C=59°3 ; H=5:2; Cl=10°8 per cent. 

The constitution of this pyranol hydrochloride is proved by the fact 
that it is formed when a stream of hydrogen chloride is passed through 
a solution of 2’: 4’-dihydroxy-2-benzylidene-l-hydrindone (Trans., 
1907, 91, 1092) in methyl alcohol (50 ¢.c.) for one hour. After 
dilution with an equal volume of hot water, the liquid was filtered 
rapidly and allowed to cool slowly, when the pyranol hydrochloride 
separated in brownish-orange crystals, and was identical in all respects 
with the specimen prepared by the process first described above : 

0°'2340 gave 0°1010 AgCl. Cl=10°6. 
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These analyses prove that this pyranol hydrochloride crystallises 
with three molecules of water. In its properties it is very similar to the 
hydrochloride of 7-hydroxy-2-phenylbenzopyranol (1:4), and shares 
with that substance and with all the pyranol hydrochlorides described 
in this paper, the property, in a finely-divided state, of causing violent 
sneezing. It dissolves in sulphuric acid with a very beautiful bluish- 
green fluorescence, which is bluer than that exhibited by its methoxy- 
derivative (p. 1102). The solution of the hydrochloride in a little 
water is yellow, but dilution causes the colour to become red, showing 
that dissociation into the base and hydrochloric acid has commenced. 
The addition of acid reproduces the yellow colour, and the salt 
erystallises out; on the other hand, much water completely 
dissociates the salt, and the red base is precipitated. 

The hydrochloride darkens at 105°, and, on further heating, 
gradually shrinks without showing a definite melting point. 

The platinichloride is obtained when a hot solution of the hydro- 
chloride in dilute hydrochloric acid is mixed with platinic chloride as 
a yellow, crystalline precipitate, which was collected and well washed. 
It is sparingly soluble, but may be recrystallised from hot water 
containing hydrochloric acid and platinic chloride. 

For analysis, the precipitate was dried over sulphuric acid in a 
vacuum desiccator : 

0'1626 gave 0:0346 Pt. Pt=21°3. 

(C,,H,,0,Cl),PtCl,,2H,O requires Pt = 21°3 per cent. 

The aurichloride.—This double salt was prepared by adding a 
solution of gold chloride to a hot solution of the pyranol hydrochloride 
in dilute hydrochloric acid. A bright yellow, crystalline precipitate 
separated at once, and was collected, washed, and dried in a vacuum 
over sulphuric acid : 

0:2079 gave 0:0670 Au. Au=32°2. 

C,,H,,0,Cl,AuCl,,2H,O requires Au = 32°4 per cent. 

This aurichloride appears therefore to contain water of crystal- 
lisation. 

When this salt is crystallised from methyl alcohol and dilute hydro- 
chloric acid, it undergoes a remarkable change, and is obtained in 
orange crystals, which, after drying over sulphuric acid, gave the 
following results on analysis : 

0°1135 gave 0:1911 CO, and 0°0329 H,O. C=45°9; H=3°2. 

01908 ,, 0°0434 Au. Au=22°7. 

(C,,H,,0,Cl),AuCl, requires C=45°5 ; H=2°6 ; Au=23°4 per cent. 

These numbers, although not quite sharp, clearly indicate that 
the salt, after crystallisation, has the above complex and unusual 
composition, 
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The anhydroferrichloride is obtained as a brownish-yellow precipi- 
tate by adding a concentrated solution of ferric chloride to a strongly 
acid solution of the hydrochloride. The double salt is collected and 
crystallised from acetic acid, from which it separates in light brown 
needles. It darkens at 165°, melts at 171°, and decomposes a few 
degrees above this temperature. Dried at 100°, it yielded the following 
results on analysis : 

0-1197 gave 0°1967 CO, and 0:0292 H,O. C=448; H=2°7. 

C,,H,,0,,FeCl, requires C=44°5 ; H =2°6 per cent. 

Whilst therefore the platini- and auri-chlorides are derived from 
the pyranol itself, the ferrichloride is a derivative of the anhydro- 
base, and its constitution is probably represented by the formula 


— 


H0/\/ Ag_/\ 
x AGRA 


The pyranol base, 7-hydroxy-2: cncneinieaae 74), was 
prepared by adding sodium acetate to the solution of the hydrochloride, 
The red precipitate was collected and found to be amorphous. It was, 
however, pure, since a specimen dried over sulphuric acid in a vacuum 
gave, on analysis, the following results : 

0°1335 gave 0°3719 CO, and 0°0583 H,O. C=760; H=4'8. 

C,,H,,0, requires C=76'2; H=4°7 per cent. 

Hydrolysis by Potassium Hydroxide.—When the pyranol hydro- 
chloride (1 gram) is boiled with 20 per cent. potassium hydroxide 
(25 cc.) for fifteen minutes in a reflux apparatus and distilled in 
steam, the distillate contains a-hydrindone. This was recognised by 
the odour and by conversion into the phenylhydrazone, which melted 
at 130°. 


7-Methoxy-2 : 3-indenobenzopyranol (1:4) Anhydroferrichloride, 
FeCl, 
O 
Meo \% \—" b> 
ANY 


This methyl derivative of the preety salt described above is 
obtained when 2’-hydroxy-4'-methoxy-2-benzylidene-1-hydrindone 
(Trans., 1907, 91, 1091), dissolved}in the least possible quantity of 
boiling alcohol, is gradually mixed with half the volume of concen- 


CONSTITUTION OF CERTAIN PYRANOL SALTS. 1103 


trated hydrochloric acid. The reaction is complete as soon as the 
yellow solution gives no precipitate on dilution with water. 

Ferric chloride solution is now added in great excess, the yellow, 
crystalline precipitate collected, and crystallised from acetic acid. For 


few analysis, the salt was dried at 100°: 
ving 0:1214 gave 0°2030 CO, and 00321 H,O. C=456; H=2°9. 
C,,H,,0,,FeCl, requires C= 45°8 ; H = 2-9 per cent. 
This anhydroferrichloride crystallises in beautiful minute, golden- 
orange prisms, and is moderately soluble in hot acetic acid or water. 
‘om It melts without decomposition at 163°, and its solutions, even the 
ro dilute aqueous solution, exhibit a remarkably intense bluish-green 


fluorescence. 


4’ :5'-Dimethowy-2 : 3-indenobenzopyranol (1: 4) Anhydrohydrochloride, 
. 


NA OMe 
° 3H,0. 
Age 


Salicylaldehyde condenses very readily with 5 :6-dimethoxy-1- 
hydrindone, under the following conditions, with formation of the 
above hydrochloride. Equal weights of the two substances are 
dissolved in ten times their weight of ethy] alcohol, and a rapid stream 
of hydrogen chloride is passed through the solution. The hot liquid 
becomes dark orange, and in a short time a mass of crystals separates. 
When cold, the beautiful glistening, orange mass is collected and is 
nearly pure, but, for analysis, it was recrystallised from dilute 
alcoholic hydrochloric acid and dried over sulphuric acid in a 
vacuum : 
0:1621 gave 0:3488 CO, and 00860 H,O. C=587; H=5°9. 
01752 ,, 00709 AgCl. Cl=9°9. 4 
C,,H,,0,01,3H,O requires C=58-7 ; H=5-7 ; Cl=9-7 per cent. 
This hydrochloride usually crystallises in orange plates or needles, 
but when rapidly crystallised from water it separates in microscopic 
threads. It begins to darken at 135°, and decomposes vigorously at 
16°, exhibiting a pure green fluorescence when a trace is dissolved in 
sulphuric acid. It dissolves in water without fluorescence, and the 
addition of hydrochloric acid causes the salt to separate. The aqueous 
solution gives red precipitates with potassium iodide, sulphate, 
chromate, ferricyanide, nitrate, and other salts. The iodide is 
especially sparingly soluble, and therefore separates from very dilute 
solutions. Mercurie chloride gives with an aqueous solution of the 


é 
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hydrochloride a yellow precipitate of the double salt, and addition of 
sodium acetate or dilute alkali to the solution of the hydrochloride 
causes a yellowish-brown, amorphous precipitate of the pyranol base to 
separate, 

The platinichloride is prepared by adding platinic chloride to the 
solution of the hydrochloride in hot dilute hydrochloric acid. 

An immediate yellow precipitate is obtained, and is collected, washed 
with dilute hydrochloric acid, and dried in a vacuum over sulphuric 
acid : 

0°3048 gave 0°0624 Pt. Pt=19-4. 

(C,,H,,0,Cl),PtCl,,2H,O requires Pt = 19-4 per cent. 

The anhydroferrichloride is obtained as an orange precipitate when 
ferric chloride is added to a strongly acid solution of the hydrochloride, 
It separates from a large quantity of acetic acid in reddish-brown 
needles, and, after drying at 100°, gave the following results on 
analysis : 

0°1155 gave 0°1915 CO, and 0:0340 H,O. C=45:2; H=3:2. 

C,,H,,0,, FeCl, requires C=45°5 ; H=3:1 per cent. 

This salt is sparingly soluble in hot acetic acid or water and 
almost insoluble in most other solvents. It begins to darken at 
about 215°, and has no definite melting point. 

Decomposition of the Pyranol by Hydrolysis.—When the pyranol 
hydrochloride is boiled for half an hour with alcoholic potash (5—10 
per cent.), an orange solution is obtained, which gives no precipitate 
on the addition of water. The solution contains the potassium salt of 
2'-hydroxy-5 : 6-dimethoxy-2-benzylidene-1-hydrindone, and this sub- 
stance separates as a yellow precipitate on the addition of acetic acid. 
The precipitate was collected and boiled with acetic anhydride and 
sodium acetate forten minutes. The product was poured into water 
and the acetate crystallised from alcohol, when it melted at 180°, and 
the melting point was unaltered by admixture with the specimen of 
this acetate previously prepared (Trans., 1907, 91, 1096). The 
reverse change, namely, the conversion of 2’-hydroxy-5 : 6-dimethoxy-2- 
benzylidene-l-hydrindone into 4’ :5’-dimethoxy-2 : 3-indenobenzo- 
pyranol (1 : 4) hydrochloride, was carried out as follows. 

Hydroxydimethoxybenzylidenehydrindone (5 grams) was suspended 
in methyl alcohol (300 c.c.), and a current of hydrogen chloride passed 
sufficiently rapidly to cause the methyl alcohol to boil. The brick- 
red precipitate of the ketone hydrochloride (Trans., 1907, 91, 1095), 

which soon separated, gradually passed into solution, and the passage 
of the gas was continued until a sample of the liquid remained clear 
on dilution with water. The dark yellowish-brown solution was then 
diluted with water, when, on standing, the pyranol salt crystallised 


‘e 


oul 
th: 
on 
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out in the characteristic orange crystals. Careful comparison showed 
that this salt was identical with the hydrochloride prepared as described 


on p. 1103. 


. 4’: 5’-Methylenediony-2 : 3-indenobenzopyranol (1 : 4) Anhydroferri- 


shed — 
uric \A 
chloride, ( | 7\¢—( J>cH,. 
VN 


This substance is obtained when er : 6-methylenedioxy-2- 


hen 

de, benzylidene-1-hydrindone (1 gram: compare Trans., 1907, 91, 1097) 

wn is suspended in alcohol (200 c.c.) and concentrated hydrochloric acid 

on (50 c.c.) added. The liquid is boiled for about an hour and until the 
brick-red hydrochloride, which separates at first, has passed into 
solution. Concentrated ferric chloride is then added to the yellow 
solution, and the orange precipitate collected and crystallised from 

ad much glacial acetic acid. The deep red, minute prisms were dried at 
100°: 

. 01168 gave 0°1913 CO, and 0:0254 H,O. C=44:7; H=2°4, 

1 C,,H,,03,FeCl, requires C= 44:4; H = 2:4 per cent. 

0 This anhydroferrichloride melts indistinctly at about 225°, and the 

9 solution in sulphuric acid shows an intense green fluorescence. It is 

f very sparingly soluble even in boiling glacial acetic acid, but dissolves 


somewhat and without fluorescence in water. 


7-Hydroxy-4' : 5’=dimethowy-2 : 3-indenobenzopyranol (1:4) Anhydro- 


f- Ww A anil 
hydrochloride, 9 @w£!t- 


VAN 


H,0. 


This substance may be prepared by the action of hot hydrochloric 
acid on 2’; 4'-dihydroxy-5 : 6-dimethoxy-2-benzylidene-1-hydrindone in 
the manner already described in other similar cases (pp. 1104, 1105), 
or by the following direct process. $-Resorcylaldehyde (2 grams) and 
5 : 6-dimethoxyhydrindone (8 grams) are dissolved in methyl alcohol 
(25 ¢.c.), the solution is heated to boiling, and a rapid stream of 
hydrogen chloride passed through the clear liquid. Dark red prisms 
separate in a few minutes, and the whole is then cooled, filtered, and 
the precipitate washed with methyl-alcoholic hydrochloric acid. The 


1106 PERKIN, ROBINSON, AND TURNER: THE SYNTHESIS AND 


substance is dried on porous porcelain in the air, and then in a vacuum 
desiccator over sulphuric acid : 

01268 gave 0°2910 CO, and 0°0550 H,O. C=626; H=4'8. 

01700 ,, 0°0715 AgCl. Cl=10°3. 

C,,H,,0,Cl,H,O requires C= 62:1; H=4:9; Cl=10°2 per cent. 

This hydrochloride darkens above 200°, and crystallises from methyl- 
alcoholic hydrochloric acid in deep crimson prisms or short needles. 

It dissolves in sulphuric acid, yielding a yellow solution, which has 
a green fluorescence, and the dilute aqueous solution also fluoresces, 

When sodium acetate is added to the solution of the hydrochloride, 
the base separates as a red, amorphous precipitate, which dissolves in 
alkalis and especially in ammonia, yielding beautiful deep red 
solutions. 

The platinichloride is obtained as a pale orange precipitate by 
adding platinic chloride to the hot solution of the hydrochloride. 

It was collected, washed with dilute hydrochloric acid, and dried in 
a vacuum over sulphuric acid : 

0°1211 gave 0°1884 CO, and 0°0375 H,O. C=42-4; H=3-4. 

(C,,H,;0,Cl),PtCl,,2H,O requires C=41-9 ; H=3:3 per cent. 

The anhydroferrichloride.—W hen ferri¢ chloride is added in excess 
to a solution cf the hydrochloride in hot dilute hydrochloric acid, a 
yellowish-brown precipitate is produced, which is collected, washed 
with acetic acid, and crystallised from much acetic acid, from which it 
separates as a dark brown, crystalline powder with a strong green 
metallic lustre. For analysis, it was dried at 100°: 

01102 gave 0°1782 CO, and 0:0310 H,O, C=44:1; H=3°1. 

C,,H,,0,,FeCl, requires C= 43-8; H=3:1 per cent, 

This anhydroferrichloride is sparingly soluble in water and even in 

boiling glacial acetic acid. 


4’: 5’: 7-Trimethoay-2 : 3-indenobenzopyranol (1:4) <Anhydrohydro- 
Cl 


chloride, MeO | C | OMe 


This substance, which interested us specially on account of its close 
relationship to the formula for trimethylbrazilin discussed in a 
previous paper (Trans., 1907, 91, 1074), may be prepared as follows. 

p-Methoxysalicylaldehyde (4 grams) and dimethoxyhydrindone (6 
grams) are dissolved in methyl alcohol (50 c.c.), and the solution 
boiled by passing a rapid stream of hydrogen chloride. The solution 


um 


jl. 


aS 
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becomes orange-brown, and the pyranol salt crystallises out as a deep 
orange powder. When this stage is reached, the stream of gas is stopped, 
and the liquid cooled and filtered. The residue is then recrystallised 
from methyl alcohol containing hydrochloric acid and dried in a 
vacuum over sulphuric acid : 


01143 gave 0°2619 CO, and 0:0537 H,O. C=625; H=5-2, 
03238 ,, 01344 AgCl Cl=10°1. 
C,,H,,0,Cl,H,0 requires C=62°9; H=5°2 ; Cl=9°8 per cent. 


This hydrochloride darkens at about 175°, and, when rapidly 
crystallised from water, it separates as an orange-red, crystalline mass 
of very characteristic appearance, which differs entirely from that 
of the dimethoxy-derivative described in this paper. Under the 
microscope, the mass is seen to consist of long threads. 

It is soluble in water, and the solution, which has a yellowish-green 
fluorescence, is immediately precipitated by hydrochloric acid. 

The solution of the substance in sulphuric acid exhibits a similar, 
but more intense, green fluorescence, When potassium iodide is 
added to the aqueous solution of the hydrochloride, a characteristic 
dark red precipitate of the iodide is obtained. 

The platinichloride is obtained as a yellow precipitate when a 
solution of the hydrochloride in hot dilute hydrochloric acid is mixed 
with platinic chloride. For analysis, this double salt was dried in a 
vacuum over sulphuric acid : 


0°1225 gave 0:0229 Pt. Pt=18°7. 
(C,,H,,0,Cl)PtCl,,2H,O requires Pt = 18:4 per cent. 


The anhydroferrichloride.—When a concentrated strongly acid 
solution of ferric chloride is added to an alcoholic solution of the 
hydrochloride, an orange precipitate is formed, which is collected and 
recrystallised from glacial acetic acid. It is thus obtained in stout, 
bright red needles, which, after drying at 100°, gave on analysis : 


0:1207 gave 0:1980 CO, and 0°0370 H,O. C=44:7; H=3°4. 
C,,H,,0,,FeCl, requires C= 45-1 ; H=3:4 per cent. 


This double salt melts at about 220° with some decomposition. 

The anhydrocadmium bromide.—-W hen a strong solution of cadmium 
bromide is added to a solution of the pyranol hydrochloride containing 
an excess of hydrobromic acid, a vermilion-red double salt separates, 
which is collected, washed with water, and dried in a vacuum over 
sulphuric acid : 


01273 gave 0°1065 AgBr, Br=35°6. 
C,,H,,0,,CdBr, requires Br = 36°3 per cent. 
VOL. XCIII. 4D 
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It is probable that the constitution of this characteristic and 
interesting double salt is that represented by the formula 


CdBr, 
Oo 
Meo’ \7 \o_—_7 ome - 
| a OMe ” 
Warton AS 
6H GH, 


Decomposition of the Pyranol by Hydrolysis.—In studying this decom- 
position, the pyranol hydrochloride (3 grams) dissolved in alcohol 
(50 c.c.) was digested with a strong solution of aqueous potassium 
hydroxide (5 grams) for four hours, water was then added, and 
the whole allowed to stand overnight. The filtered solution was 
acidified with acetic acid, the yellow precipitate collected, and acetylated 
with acetic anhydride and sodium acetate. The pale yellow needles of 
the acetyl compound, after crystallisation from alcohol, melted at 175°, 
and consisted of acetyl-2’-hydroxy-4’ :5 : 6-trimethoxy-2-benzylidene-1- 
hydrindone, since when mixed with a specimen of this substance which 
had been prepared on a previous occasion (Trans., 1907, 91, 1099) 
there was no alteration in melting point. 

Conversion of Hydroxytrimethoxybenzylidenehydrindone into Tri- 
methoxyindenobenzopyranol Anhydrohydrochloride by means of Hydrogen 
Chloride. —This interesting reaction was carried out in the manner de- 
scribed in the case of the corresponding reaction with salicylidenedi- 
methoxyhydrindone (p. 1104), except that, as the unsaturated ketone 
hydrochloride in the present case is very sparingly soluble and changes 
with difficulty, a larger excess of methyl alcohol must be used and the 
hydrogen chloride passed for a longer time. An alternative method is 
to boil the substance with alcohol and hydrochloric acid in a reflux 
apparatus for several hours. In either case the product consists of 
the characteristic micro-threads, and shows all the reactions of tri- 
methoxyindenobenzopyranol anhydrohydrochloride (p. 1107). 


The compounds which follow have been prepared and investigated in 
conjunction with Mr. Maurice Russell Turner, B.Sc. 


Resacetophenone Dimethyl Ether, (MeO),C;H,*CO-CH, (2:4: 1). 


This substance has been prepared in small quantities by Tahara 
(Ber., 1891, 24, 2461) from pzonol by treatment with potassium 
hydr«xide and methyl iodide. The methylation of resacetophenone 
with methyl sulphate and potassium hydroxide does not appear to have 
been described, 

It may be advantageously carried out under the following conditions : 

Resacetophenone (180 grams) is dissolved in methyl alcohol (500 c.c.), 
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mixed with a large excess of methyl sulphate (540 grams), and suf- 
ficient potassium hydroxide (40 per cent.) is slowly added to decompose 
all the methyl sulphate and to keep the liquid always strongly alkaline ; 
the flask is heated on the water-bath for half an hour and then 
cooled. The product is extracted with ether, the ethereal solution 
washed with water, dried, evaporated, and distilled under the ordinary 
pressure : 


01354 gave 0:3296 CO, and 00837 H,O. ©=66:4; H=6°9. 
C,,H,,0, requires C= 66°7 ; H=6'7 per cent. 


Resacetophenone dimethyl ether distils without decomposition at 288°, 
and when crystallised from methyl alcohol melts at 40°. 


2-Hydroxy-2' : 4'-dimethonybenzylideneacetophenone, 


(OH Meo” oMe 
- fan oe . J 

This unsaturated ketone is readily obtained by the condensation of 
salicylaldehyde with resacetophenone dimethyl! ether in the presence of 
alkali. Salicylaldehyde (60 grams) and_resacetophenone dimethyl 
ether (78 grams) are dissolved in methyl alcohol (50 c.c.), and potassium 
hydroxide (250 c.c. of 20%) added. The solution is heated almost to 
boiling and allowed to stand overnight, when a very bulky, red precipi- 
tate of the potassium derivative of the condensation product separates 
and almost fills the liquid. 

This is collected, drained on porous porcelain, dissolved in water, and 
the filtered solution poured into 20 per cent. potassium hydroxide, when 
the potassium derivative separates in a much purer condition. It is 
again collected, dissolved in a large quantity of water, and acidified 
with acetic acid. The yellow, oily precipitate which first separates 
gradually becomes crystalline, and, after crystallisation from alcohol, 
it is obtained in small, yellow needles or prisms melting at 124°: 


0'1420 gave 0°3723 CO, and 0:0742 H,O. C=71'5; H=5°8. 
C,,H,,0, requires C=71°8 ; H=5°6 per cent. 
The characteristic potassiwm derivative separates from dilute 


potassium hydroxide in orange-red crystals : 


0°3214 gave 0°0867 K,SO,. K=12°1. 
C,,H,,0,K requires K = 12:1 per cent. 


4pD2 
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The Action of Hydrochloric Acid on 2-Hydroxybenzylideneacetophenone, 


( ou 
\/\CH:CH:00-0,H, 
The action of hydrochloric acid on this ketone leads, under the 
following conditions, to the formation of 2-phenylbenzopyranol anhydro- 


hydrochloride, 
Cl 


O 
MON grog 
N08 
CH 


The ketone is dissolved in acetic acid and boiled with concentrated 
hydrochloric acid for a few minutes and until a portion when diluted 
with water gives a clear solution of the oxonium hydrochloride. On 
account of its solubility, no attempt was made to isolate this hydro- 
chloride, but its presence in the solution was demonstrated by the 
preparation and analysis of the platinichloride. 

This salt separates on the addition of platinic chloride as a yellow, 
crystalline mass, which crystallises from a large quantity of dilute 


hydrochloric acid in orange prisms. For analysis, it was dried 
at 100°: 


0°5039 gave 0:1195 Pt. Pt=23°7. 
02600 ,, 00615 Pt. Pt=23-7. 
(C,,H,,0Cl),PtCl, requires Pt = 23-7 per cent. 


When a trace of this platini-salt (or a few drops of the solution of 
the oxonium hydrochloride) is added to concentrated sulphuric acid, a 
pale yellow solution is obtained, which exhibits a pure blue fluor- 
escence much less intense, however, than that shown by the corre- 
sponding indeno-derivative (p. 1099).* 

When dry hydrogen chloride is passed into a solution of 2-hydroxy- 
benzylideneacetophenone in dry ether in the cold for three hours, the 
reaction proceeds differently, and a yellow substance separates in 
needles. This substance is very hygroscopic, and readily decomposes 
in the air. It was separated by filtration in dry air in a special 
apparatus, washed with dry ether, quickly transferred to a desiccator, 
and dried over sulphuric acid in a vacuum : 

* The solution of all methoxyanhydropyranols in sulphuric acid fluoresce with 
various shades of green, and the blue fluorescence of the above solution is evidently 
due to the absence of methoxy-groups. We propose to study the influence of other 


groups on the character of fluorescence, as the results will probably have an important 
bearing on the problem of the conditions which cause and modify fluoreszence. 


ne, 
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0:1003 gave 0:2217 CO, and 00439 H,O. C=603; H=4°8. 
0:1933 ,, 0°1850 AgCl. Cl=23°6. 

C,;H,,0CI,,H,O requires C= 60°6 ; H=4°7 ; Cl=23°9 per cent. 
This dichloride * softens at 78° and melts at 85° with decomposition, 
and dissolves in sulphuric acid with a pure blue fluorescence. 

When treated with water it dissolves, and platinic chloride 
precipitates the platinichloride of 2-phenylbenzopyranol (1 : 4). 
Sodium carbonate precipitates a yellow base, which is insoluble in 


alkalis. 
It is pointed out in the introduction that the constitution of this 


dichloride is probably represented by the formula 


This dichloride is obtained when 2-hydroxy-4'-methoxybenzylidene- 
acetophenone (Kostanecki and Zwayer, Ber., 1908, 41, 1337) is 
treated with hydrogen chloride under the following conditions. The 
well-cooled ethereal solution of the unsaturated ketone is saturated 
with hydrogen chloride, when the pale yellow solution rapidly becomes 
orange, and in about fifteen to twenty minutes the orange-red 
hydrochloride separates in needles. The crystals were filtered in an 
apparatus which avoids exposure to moisture, washed with ether, and 
dried over sulphuric acid in a vacuum : 

00987 gave 0:2139 CO, and 0°0478 H,O. C=59'1; H=5-4. 

01784 ,, 0:1541 AgCl- Cl=21°3. 

O,,H,,0,Cl,,H,O requires C=58°7 ; H=5-0 ; Cl=21°5 per cent. 

This dichloride melts at 126° with decomposition, and is less affected 
by moisture than the dichloride described in the last section. 


* Decker and von Fellenberg (Annalen, 1907, 356, 302) evidently had this 
dichloride in their hands, but they did not analyse it, and erroneously describe it as 
having the composition C,;H,,OCL 
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4'- Methoxy-2-phenylbenzopyranol (1:4) Anhydrohydrochloride, 


Cl 
O 
i, | 
* Nf < - ome and its Double Salis. 
NG ws 


The substance C,,H,,0,Cl,,H,O, described in the last section, 
dissolves in water, yielding an orange solution, which, on standing, 
deposits orange crystals. These were collected, dried on porous 
porcelain in the air, and analysed, with the following results : 

0°1233 gave 02414 CO, and 0:0661 H,O. C=53-4; H=6-0. 

01019 ,, 0°2003 CO, ,, 0°0558 H,O. C=53°6; H=6'1. 

02055 ,, 00777 AgCl. Cl=9°3. 

C,,H,,0,C1,5H,O requires C=53°0; H=6:3; Cl=9-7 per cent, 


This anhydrohydrochloride melts at 87°, and may also be prepared — 


by the action of hydrochloric acid on the solution of 2-hydroxy-4’- 
methoxybenzylideneacetophenone in boiling acetic acid, from which 
it separates, on dilution and long standing, in orange crystals. 

The anhydroplatinichloride.—The aqueous solution of the hydro- 
chloride gives a yellow precipitate with platinic chloride, which is 
collected and recrystallised from hot dilute hydrochloric acid. The 
orange-red crystals, dried at 100°, yielded : 


02531 gave 0:°0557 Pt. Pt=22°0. 

01814 ,, 0:0399 Pt. Pt=22°0. 

(C,,H,,0,Cl),PtCl, requires Pt = 22:1 per cent. 

The anhydroferrichloride—When a solution of the hydrochloride 
is mixed with concentrated ferric chloride, a yellow precipitate 
is obtained, which separates from acetic acid in yellow needles 
melting at 156°, For analysis, the substance was dried at 100°: 


0°1654 gave 0°2668 CO, and 0:0484 H,O, C=440; H=3°3. 
0°3718 ,, 0:0681 Fe,0,. Fe=12°8 
C,,H,,0,,FeCl, requires C=44'1 ; H=3°0; Fe=12°9 per cent. 

A very interesting method of formation of this anhydroferri- 
chloride from the unsaturated ketone is the following. 

2-Hydroxy-4’-methoxybenzylideneacetophenone is dissolved in 
acetic acid, and a very concentrated solution of ferric chloride 
in hydrochloric acid is added. An excess of hydrochloric acid 
now precipitates a red compound, which is decomposed by water 
with formation of the unsaturated ketone, and the constitution of 
which is discussed on p. 1093. When it is dissolved in boiling 


acet 
and 
at 


Th 


on, 


Bs 
us 


acetic acid, the colour of the solution changes from red to yellow, 
and the ferrichloride described above crystallises in needles melting 
at 154—155°. 
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The Action of Hydrochloric Acid on 2-Hydroxy-2' : 4'-dimethoxybenzyl- 


y J 
ideneacetophenone, Oe et ‘ome ° 


The hydrochloride of this unsaturated ketone (p. 1109) is readily 
obtained when a solution of the ketone in acetic acid is saturated with 
hydrogen chloride in the cold, and separates in red crystals, but, owing 
to its susceptibility to moisture, we were unable to obtain accurate 
results on analysis. The percentage of chlorine was always somewhat 
less than that required for a hydrochloride, C,,H,,0O,.HCl. The 
sulphate geadually separates as a similar red substance when a drop of 
sulphuric acid is added to the solution of the unsaturated ketone 
in acetic acid. These substances are obviously analogously constituted 
to the salts of unsaturated ketones, which are described in our former 
paper (compare Trans., 1907, 91, 1093). 

Although the hydrochloride and sulphate could not be accurately 
analysed, the ferrichloride hydrochloride can be readily prepared pure 
and dry. 

It is obtained when the unsaturated ketone, dissolved in acetic acid, 
is mixed with a concentrated solution of ferric chloride in hydrochloric 
acid. The brilliant red, crystalline precipitate which separates is 
collected, washed with a little glacial acetic acid, and dried at 50—60°: 


0:1749 gave 0:2525 CO, and 00571 H,O. C=394; H=36. 

01477 ,, 0213700, , 00490 H,O. C=39'5; H=3°7. 

0:2140 ,, 03100 AgCl. Cl=35-4. 

C,,H,,0,,FeCl,,HCl requires C= 39°5 ; H=3'5 ; Cl=34:2 per cent. 

This interesting substance melts with decomposition at 178°, and is 
decomposed by water with separation of 2-hydroxy-2’ : 4’-dimethoxy- 
benzylideneacetophenone. Small quantities may be recrystallised from 
acetic acid if the operation is quickly conducted, but when boiled with 
acetic acid for a few minutes it loses water and hydrogen chloride, and 
is converted into the anhydroferrichloride of 2’ : 4’-dimethoxy-2-phenyl- 
benzopyranol (m. p. 188°: see p. 1114). 

This behaviour is not only characteristic, but also of considerable 


interest. 
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The Hydrochloride of _ 2':4'-Dimethowy-2-phenylbenzopyranol 
H (Cl 


. 
Cl O 
\iA\¢ 


Anhydrohydrochloride, | ,2H,0. 


} ou | 
VS "on MeO. / OMe 


This substance is obtained when 2-hydroxy-2’ : 4’-dimethoxybenzyl- 
ideneacetophenone is heated with concentrated hydrochloric acid on the 
water-bath. The red hydrochloride first formed gradually dissolves, 
and a clear orange-yellow solution is produced, which, on cooling and 
stirring, deposits crystals. These are collected, recrystallised from 
concentrated hydrochloric acid, and dried on porous porcelain over 
sulphuric acid in a vacuum. 

0°1357 gave 0°'2693 CO, and 0:0674 H,O. C=54:1; H=5'5. 

0-2281 ,, 01766 AgCl Cl=19°1. 

C,,H,,0,C),,2H,O requires C=54:'4 ; H=5-4; Cl=18°9 per cent. 

This substance consists of microscopic, deep orange-red needles, 
it melts with decomposition at 116°, :and is very soluble in water 
or alcohol. When dilute alkali or sodium acetate is added to the 
aqueous solution, a pale yellow, amorphous base is precipitated which is 
free from chlorine. 


Double Salts of 2’ : 4'-Dimethoxy-2-phenylbenzopyranol (1 : 4) Anhydro- 


ee 
hydrochloride, | 


The platinichloride.—W hen the solution, obtained by dissolving the 
dichloride, C,,H,,0,C1,,2H,O (see the last section) in water, is mixed 
with a solution of platinic chloride, a yellowish-orange double salt is 
precipitated, and may be crystallised from much dilute hydrochloric 
acid. Its colour was thereby deepened, and the red salt which 
separates after drying at 100° was found to decompose at about 230° : 

0°1062 gave 0°1700 CO, and 00333 H,O. C=43'7; H=3°5. 

0°4666 ,, 00970 Pt. Pt=20°8. 

03888 ,, 0°0802 Pt. Pt=20°6. . 

(C,,H,,0,Cl),PtCl, requires C=43°4 ; H=3°'2; Pt=20°7 per cent. 

The ferrichloride.—This substance may be prepared, as already men- 
tioned (p. 1113), by boiling 2-hydroxy-2’; 4 -dimethoxybenzylidene- 


al 
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acetophenone ferrichloride hydrochloride in acetic acid solution or by 
adding a concentrated solution of ferric chloride to a solution of the 
dichloride, C,,H,,0,C1,,2H,O, in dilute hydrochloric acid. In this 
latter case, a reddish-orange precipitate is formed, which is crystal- 
lised from acetic acid and dried at 100°: 

0:1238 gave 0°1978 CO, and 0°0369 H,O. C=43°6; H=3:3. 

C,,H,,0,,FeCl, requires C= 43°9; H = 3:2 per cent. 

This ferrichloride crystallises in splendid red needles, which resemble 
chromic acid and melt at 189°. It dissolves moderately readily 
in water, a property which distinguishes it from the ferrichloride of 
the unsaturated ketone. The solution in sulphuric acid has a green 
fluorescence. 
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CXI.—Brazilin, Haematoxylin, and their Derivatives. 
Part IX.* On Brazilein, Haematein, and their 


Derivatives. 


By Pavut Eneets, Witit1amM Henry PERKIN, jun., and 
Ropert Rosinson. 


Tue colouring matter brazilein is obtained when brazilin is treated 
with oxidising agents, and the change, due to the removal of two 
atoms of hydrogen, 
C,,H,,0; + O = C,,H,,0, + H,0, 
Brazilin. Brazilein. 
is one of the most interesting and characteristic decompositions 
exhibited by brazilin. 

Liebermann and Burg (Ber., 1876, 9, 1886) first showed that a solu- 
tion of brazilin in caustic alkalis rapidly acquires a magnificent cherry- 
red colour when it is exposed to air, and that the addition of acids 
then causes the precipitation of a reddish-violet, amorphous mass of crude 
brazilein. The same authors also showed that crystalline brazilein 
may be prepared from brazilin by oxidation in aqueous alcoholic 
solution with iodine, but the substance obtained in this way was 
found to contain about 1°3 per cent. of iodine. 

* Part I, Trans., 1901, 79, 1896 ; Parts II and III, Trans., 1902, 81, 221, 235 ; 
Parts IV, V, and VI, Trans., 1902, 81, 1008, 1040, 1057 ; Part VII, Trans., 1907, 
91, 1073; Part VIII, Trans., 1908, 98, 489. 
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Pure brazilein was first prepared by J. J. Hummel and A. G. Perkin 
(Trans., 1882, 41, 373) by passing air through a solution of brazilin 
in dilute ammonia, and was thus obtained in minute dark crystals 
having a grey metallic lustre and dissolving in alkalis with a brilliant 
red colour. The careful analyses of these authors showed that crystal- 
line brazilein, dried at 100°, has the formula C,,H,,0,,H,O, and 
that, when heated at 130—140°, it loses the additional molecule of 
water. 

The same authors also prepared pure hematein by passing air 
through a dilute ammoniacal solution of hematoxylin, C,,H,,0,,.and 
showed that it had the composition C,,H,,0O,. Buchka and Erck 
(Ber., 1885, 18, 1142) subsequently made the observation that 
crystalline brazilein may be obtained by oxidising brazilin in ethereal 
alcoholic solution with nitric acid, and they confirm the observation of 
Hummel and Perkin that, when dried at 100°, brazilein contains water, 
and that, when dried at 130°, the formula is C,,H,,0;. Although a 
large number of experiments have been made with brazilein by 
different investigators, very few derivatives of importance have been 
prepared. Schall and Drall (Ber., 1890, 23, 1434 ; compare Herzig, 
Monatsh., 1898, 19, 743) prepared a crystalline triacetyl compound, 
C,,.H,O,(C,H,0),, by digesting brazilein with acetic anhydride, zinc 
chloride, and zine dust, but this substance can hardly be a derivative 
of brazilein. The same investigators also describe an amorphous 
oxime, C,,H,,0,(N-OH),, obtained by heating brazilein with hydroxy]l- 
amine hydrochloride, alcohol, and hydrochloric acid in a sealed tube 
at 130°, and also an amorphous phenylhydrazine derivative of doubtful 
composition. Several bromo-derivatives of brazilein were also pre- 
pared by Schall and Drall, but these do not call for special mention. 
The methylation of brazilein has been attempted by Herzig (Monatsh., 
1898, 19, 742), who heated brazilein with potassium hydroxide and 
methyl iodide, and obtained a syrupy substance insoluble in alkali, 
which yielded an amorphous acetyl derivative. On the assumption 
that the syrupy substance was trimethylbrazilein, Herzig assigns the 
formula C,,H,O(OMe),*OAc to the amorphous acetyl compound. Since, 
however, it is shown in the present communication (p. 1117) that 
trimethylbrazilein is a beautifully crystalline substance, and does not 
yield an acetyl derivative, the substances prepared by Herzig cannot 
have the constitutions which he assigns to them. 

Perhaps the most characteristic property of brazilein (and also of 
hematein) is the formation of a very remarkable series of salts when 
these substances are treated with concentrated mineral acids. 

This behaviour, which was first observed by J. J. Hummel and 
A. G. Perkin (Trans., 1882, 41, 374), has been carefully investigated, 
and is discussed in detail in the present communication (p. 1121). 
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In Part VIII of this research (Trans., 1908, 93, 496) it is clearly 
demonstrated that brazilin is represented a the constitutional 


HO/ Y NOH, 
VA A0my 


5 


(II.) 


formula (I), and it is pointed out that brazilein, derived from 
brazilin by the removal of two atoms of hydrogen, doubtless has the 
constitution (II). 

During the course of the present investigation, many new derivatives 
and decomposition products of brazilein are described, the formation 
and properties of which can, without exception, be explained with the 
aid of the above formula. In investigating brazilein, we have pro- 
ceeded on the lines which were so successful in the case of brazilin 
itself, that is to say, we first protected the hydroxy-groups by 
converting them into methoxy-groups before attempting to submit the 
molecule to the action of reagents. 

Brazilin itself is readily methylated by treatment with methyl 
sulphate and potassium hydroxide, and practically the only product of 
the action is trimethylbrazilin (Trans., 1901, 79, 1403). Brazilein, 
on the other hand, is methylated only with difficulty, and the product 
contains two highly important derivatives, trimethylbrazilein and 
tetramethyldihydrobrazileinol, together with large and varying 
quantities of mono- and di-methylbrazilein. 

Trimethylbrazilein, 


crystallises in magnificent amber prisms, melting at 177—178°, and 
yields with formic acid a highly characteristic formate, a splendid 
substance, which crystallises in brilliant ruby needles and is decom- 
posed by alcohol or water into its constituents. It also combines 
with mineral acids to yield a series of highly characteristic salts and 
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double salts, the constitution of which are discussed on p. 1121, 
One of the most striking properties of trimethylbrazilein is the fact 
that it dissolves in boiling dilute potassium hydroxide with addition 
of water and formation of trimethyldihydrobrazileinol, 


C,,H,0.(OMe), + HO = C,,H,,0,(OMe),-OH. 
Trimethylbrazilein. Trimethyldihydrobrazileinol. 


Trimethyldihydrobrazileinol crystallises in glistening, yellow 
prisms, melting at 177° with loss of water and formation of trimethyl- 
brazilein. When it is boiled with acetic acid, it is converted quantita- 
tively into the salt of trimethylbrazilein, which, on treatment with 
water, dissociates into trimethylbrazilein and acetic acid. 

In these properties, trimethyldihydrobrazileinol shows a striking 
similarity to trihydroxytriphenylcarbinol, which readily loses water 
with formation of aurin, and, when treated with acids, is converted 
into salts of aurin, 


() (Y= 


O 


and there can be no doubt that the relationship between trimethyl- 
dihydrobrazileinol and trimethylbrazilein is a similar one, and is to be 
represented by the formule : 


O 
Meo’ \’ \cH 


2 
ON 
(OH) —OH, 


1, 
MeO 
Another similar case is the formation of diphenylquinomethane, 


(C,H;,).C: . O, by the action of heat on p-hydroxytriphenyl- 


carbinol (Bistrycki and Herbst, Ber., 1903, 36, 2335; Baeyer and 
Villiger, tbid., 2774). 

The interesting observation was also made that diphenylquino- 
methane, when boiled with potassium hydroxide, is converted by the 
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addition of water to the quinone grouping into p-hydroxytriphenyl- 
carbinol, 

This change is obviously exactly analogous to the conversion of 
trimethylbrazilein into trimethyldihydrobrazileinol, and other examples 
of the reversible conversion of a quinone into the corresponding 
p-hydroxy-compound are to be found in a recent paper by Baeyer 
(Annalen, 1907, 354, 152). 

The second substance, which is produced in such large quantity, and 
is, indeed, frequently the principal product of the methylation of 
brazilein under the conditions employed in this research, is tetra- 
methyldihydrobrazileinol, : 

O 
OMe/ \” \CH, 


A Ame, 


(OH)  O4H,, 
\ 


a pale yellow, crystalline substance, which shows none of the extra- 
ordinary power of crystallising exhibited by trimethylbrazilein or 
trimethyldihydrobrazileinol. Its formation is due to the fact that, 
during the methylation of brazilein with methyl sulphate and potass- 
ium hydroxide, the excess of alkali, which is always present, converts 
much of the trimethylbrazilein formed into trimethyldihydrobrazi- 
leinol, which then itself undergoes methylation, and, in support of this 
explanation, we find that, when treated with methyl sulphate and 
potassium hydroxide, trimethyldihydrobrazileinol is readily converted 
into tetramethyldihydrobrazileinol. 

In order to obtain additional evidence as to the constitution of this 
tetramethyl derivative, we have studied its behaviour on oxidation, 
and find that it is readily attacked by chromic acid with formation of 
a variety of substances (p. 1144). From the theoretical point of view, 
the most important product of oxidation is trimethy|lbrazilone, 


0 
Meo” YY” ‘o-c0 
+ a 
GOH) OH, 


L 

*~ 
Ey 

MeO OMe 


fi 
i 
4 
i 
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(compare Trans., 1908, 93, 498), because the formation of this 
substance is not only valuable evidence of the constitution of tetra- 
methyldihydrobrazileinol, but also makes it possible to control in an 
interesting manner some difficult points in connexion with the 
constitution of brazilin itself (p. 1129). 

The colouring matter hematein closely resembles brazilein both in 
its method of formation and chemical behaviour. It is produced by 
the action of oxidising agents on hematoxylin, C,,H,,O,, and is best 
prepared by passing air through a solution of hematoxylin in dilute 
ammonia and then precipitating with acetic acid (Hummel and 
Perkin, Trans., 1882, 41, 368 ; Erdmann and Schultz, Annalen, 1882, 
216, 336). 

It crystallises in dark reddish-black plates with a brilliant metallic 
lustre, and dissolves in alkalis with an intense purple colour. 

Hummel and Perkin have shown that the composition of hematein 
is C,,H,,0,, and that, unlike brazilein, it crystallises without water of 
crystallisation. 

It has long been assumed, and is clearly proved in the present 
investigation, that hematein is analogously constituted to brazilein, 
Hematein is, in fact, hydroxybrazilein, and the relationship of the 
two substances is at once evident from a comparison of their 
formule : 


0 HO 0 
ee Ho/ \’ cH 

J COHN. We C(OH)\. 

o 0H, o : 

NN 4 \ Y 
~ f » 

i, ee al ba, Seen 

HO % as 


Brazilein. Hematein. 


(compare Trans., 1908, 93, 496). It is therefore not surprising that 
hematein should behave on methylation in a similar way to 
brazilein. 

Unfortunately, however, the presence of the extra hydroxy-group 
enormously increases the difficulty of complete methylation, and this 
fact, taken in conjunction with the much greater solubility of the 
products, prevented us for a long time from isolating and examining 
these highly interesting methy] derivatives of hematein. 

Subsequently we were able to overcome these difficulties, and the 
crude product of methylation which we finally obtained was found to 
consist essentially of tetramethylhematein and pentamethyldihydro- 
hemateinol. 


boi 


~ fF OO OOS 
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Tetramethylhaematein (1) erystallises in splendid amber prisms, melts 
at 210°, and, when digested with dilute potassium hydroxide, is con- 
verted by the addition of water into tetramethyldihydrohaemateinol (II). 


MeO O MeO O 
MeO/ \/GH, Meo/” 2 4 \ou, 
A Omen, A Acoma, 
H, (OH) —OH, 
“% *\ 


| os 
MeO ‘6 MeO OH 
(I.) (II.) 

This substance crystallises in yellow prisms, melts at 183°, and 
is reconverted into tetramethylhematein by heat, or, better, by 
boiling with glacial acetic acid. 

Pentamethyldihydrohaemateinol, 

MeO O 
Meo” CH, 


ON 


C(OH) CH, , 
™*"\ rd 
¢ *, 
ae 
MeO OMe 


crystallises with great facility in pale yellow plates, melts at 160°, 
and is also produced when tetramethyldihydrohemateinol is methyl- 
ated with methyl sulphate in the presence of potassium hydroxide. 
This brief description will suffice to show that brazilein and 
hematein behave in a similar manner, and give rise to exactly 
analogous products of methylation when they are subjected to the 
action of methyl sulphate and potassium hydroxide in large excess. 


The Pyranol Salts derived from Brazilein, Haematein, and their Methyl 
Derivatives. 


In the year 1882, J. J. Hummel and A. G. Perkin (Trans., 41, 
367) made the remarkable observation that brazilein, C,,H,,O;, and 
hematein, C,,H,,0,, are converted by the action of mineral acids into 
orange or red salts, from which it was not found possible by the action 
of alkalis to regenerate the original colouring matters. 

The sulphate obtained from brazilein is formed according to the 
equation j 
C,,H,,0,; + H,SO, =C,,H,,0,°HSO, + H,0, 
and was named isobrazilein acid sulphate. The chloride, C,,H,,0,,Cl, 
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a dark brown, crystalline substance with a violet lustre, is formed by 
the action of hydrochloric acid on brazilein, and the corresponding 
hydrobromide, C,,H,,0,,Br, crystallises in deep orange prisms, 

These salts were named isobrazilein chlorohydrin and bromohydrin 
respectively. Hzmatein yields an exactly similar. series of orange or 
red isohematein salts. 

Whilst we were examining these highly coloured salts, we were much 
struck with the similarity they showed to the pyranol salts described 
by Biilow and Sicherer (Ber., 1901, 34, 3890), and this led us to under- 
take the investigation of a large number of pyranol salts in order to 
determine whether they were really analogously constituted to the 
isobrazilein and isohematein salts (compare p. 1123). As the work 
proceeded, we became more and more convinced of the pyranol nature 
of these salts, and we have now no hesitation in formulating them all 
as derivatives of 4 ; 3-indenobenzopyranol(1 : 4), 


and to represent them as anhydro-salts in the manner suggested in the 
paper immediately preceding this. Thus isobrazilein acid sulphate has 
the constitution 


HSO, 


and is 7:4’: 5’-trihydroxy-4 : 3-indenobenzopyranol(1 : 4) ankydro- 
hydrogen sulphate. isoBrazilein chlorohydrin has the analogous formula 
with Cl in the place of HSO,, and the isohematein salts are, of course, 
also similarly constituted. 

In order to obtain evidence in support of this view, we have 
studied the action of sulphuric acid on the methyl derivatives of 
brazilein and hematein, and also on tetramethyldihydrobrazileinol and 
pentamethyldihydrohemateinol. In all these cases, oxonium sulphates 
were obtained which could be converted by the usual methods into 
other characteristic simple and double salts. The examination of these 


HEMATOXYLIN, AND THEIR DERIVATIVES. PART 1X. 1123 


salts has proved beyond a doubt that they are closely connected with 
the 2 : 3-indenobenzopyranol anhydro-salts described in the communica- 
tion immediately preceding this paper. One of the first cases 
investigated was that of the action of sulphuric acid on trimethyl- 
brazilein, and this will serve as an example in illustration of the 
formation of all the other salts. The analysis of the sulphates shows 
clearly that methy! alcohol is eliminated during its formation, and the 
change which takes place is evidently the following : 


H,S0, 
O O 
Meo” N“ NOH, Meo’ \/ Nou 
AVY some, Fe ah 
G CH, + H,SO, —> G CH, 
ee 5 ‘oF 
‘4 ~ ii. 
1 
MeQ O MeV O 


Since, however, the pyranol base is soluble in alkalis, the quinonoid 
oxygen must have become phenolic, and the correct formula for the 
sulphate is therefore in all probability 

HSO, 
O 
Y 
Meo’ \7 \cH 
WR, 
C CH, . 
al 
ri 
be 
MeO OH 

This formula not only accounts for all the properties of the salt and 
its derivatives, but also brings its constitution into harmony with that 
of the other sulphates, such as, for example, the sulphate obtained 
from tetramethyldihydrobrazileinol, In the case of this latter salt, 
the p-quinonoid grouping cannot be present, and the anhydro-salt must 
therefore be o-quinonoid : 


HSO, 
Oo 0 
Meo’ \¥ Nou, Me0/ a \cu 
N\A Ome, OVA 
(OH) OH,  —> SG 0H, 
a ee 
: rae 
MeO OMe MeO OMe 
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The anhydroferrichloride must therefore have the formula 


, 


FeCl, 
O 


LAAN. 
C CH 


f 
by rd 
MeO OMe 
and is isomeric with, and closely related to, the anhydroferrichloride of 
4’ : 5’: 7-trimethoxy-2 : 3-indenobenzopyranol (1 : 4), 


FeC), 
O 
Meo ¥ Ng ( \oMe 
ya 


(compare p. 1107). The two substances are naturally quite distinct, 
but at the time when it was thought that the constitution of brazilin 
was represented by the formula 


HO’ \% Neu —/p Now 
AV AEX, "i aces 
CH-OH OH, 


(Trans., 1908, 93, 491), this point was of extraordinary interest. 

Had this formula for brazilin been correct, the pyranol salts from 
tetramethyldihydrobrazileinol would have been identical with the 
corresponding salts of 4’: 5’: 7-trimethoxy-2 : 3-indenobenzopyranol 
(1:4). That this was found not to be the case was almost the first 
evidence of the incorrectness of any formula for brazilin based on the 
structure 
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The Action of Hydrogen Peroxide on Brazilein, Haematein, and their 
Derivatives.* 


One of the most remarkable series of decompositions which brazilein, 
hematein, and their derivatives exhibit is the behaviour which these 
substances undergo when they are treated with hydrogen peroxide in 
acetic acid solution. Under these conditions, brazilein is converted 
into a deep brown, crystalline substance, which is obviously a 
quinone, and to which we have assigned the constitution 


HO/ Dm CH, $ouy OH. —( ‘io 
and the name a:4: 2’ :5'-tetrahydroxy-f' -phenoxy-B-2 : 5-quinoyliso- 
butyric acid. This interesting quinone is converted by reduction in 
alkaline or acid solution, into a colourless substance, and is charac- 
terised by the remarkable series of colour reactions which it exhibits 
(p. 1155). Its properties are so unusual that we propose to submit it 
to further detailed investigation. 

For a considerable time, the nature of this quinone could not be 
understood, and the first clue to its formation was obtained as the 
result of a series of experiments on the action of hydrogen peroxide 
on aurin, It has already been suggested (p. 1118) that aurin and 
brazilein 

O 
( You Hof \’ ‘cH, 


() : 
i wr O08), 
G OH, 


Aurin, Brazilein. 


are in many ways analogously constituted, and, in order to obtain 
some indication of the mechanism of the oxidation of brazilein and 
its derivatives by hydrogen peroxide, experiments were instituted 


* In the scheme of nomenclature employed in this section, these substances are 
considered as derivatives of B-phenyl-B’-phenoxyisobutyric acid, 
B B 
gr yo *CH,’CH’ CHy 
’ I 
\sy CO,H 
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under the same conditions with aurin. A preliminary account of these 
experiments has been published (Perkin, Proc., 1907, 23, 166), and it 
is there shown that aurin, when oxidised by hydrogen peroxide in 
acetic acid solution, yields p-hydroxybenzoic acid and quinone. 

The probable course of this interesting decomposition (which seems 
to be shown by other quinonoid substances) is the following. 

Aurin in the first place reacts with one molecule of hydrogen 
peroxide, and suffers degradation according to the scheme : 


euen oa 
i a 0/4 JY ; 
r \/ 


wf : / \ 
\ \/ 
O Os 


The latter substance, either as such or in its tautomeric form, is 
then further oxidised to p-hydroxybenzoic acid and benzoquinone 


C(OH) + 20 
I 


() 


If an exactly analogous series of reactions is formulated in the 
case of brazilein, it is seen that the result of the addition of hydrogen 
peroxide and subsequent oxidation is the formula which we suggested 
for the quinone : 


O 
HO, \“ NOH, Hof se No H, 
JOH). \% PB AOH), 
G CH c(OH) CH, —> 
» 


is 


HZMATOXYLIN, AND THEIR DERIVATIVES. PART IX. 1127 


Oo F 

S 

v-¢ 

O 

When trimethylbrazilein is treated with hydrogen peroxide in 
acetic acid solution, it behaves somewhat differently from brazilein, and 
is converted almost quantitatively into a colourless lactone, which 
melts at 218° and contains three methoxy-groups. The investigation 
of this substance clearly indicates that it is the lactone of 2’: 2:5- 
trihydroaxy-a : 4 :5'-trimethoxy-B'-phenoxy-B-phenylisobutyric acid, and 
that its constitution is represented by the formula 


Me0/ )-0-CH,-C(OMe)-CH,-(- YOH 


YN 
\ }-0—bo oh Jome: 
The formation of this lactone from trimethylbrazilein can be 
explained on the lines adopted in the case of brazilein, but it — 
is perhaps more readily understood if we consider the observation 
that the same lactone is produced even more readily by the action of 


hydrogen peroxide on trimethyldihydrobrazileinol (p. 1158) : 


If two hydroxy-groups are added to (a, @,) and one oxygen atom to 
(6) in this formula, the following expression is obtained : 


Me0/)-0-CH,-C(OMe)-CH,-( Now 
aos CO.H ae 


and the dehydrating action of the warm acetic acid employed causes 
elimination of water and formation of the lactone of melting point 
218°. Since, however, the hydroxy-acid contains two hydroxyquinol 
residues, lactone formation may obviously take place between the 
carboxyl group and the hydroxyl group of either of these residues. 
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We think it probable that the hydroxy-group of the residue on the 
left hand takes part in the lactone formation principally because the 
lactone behaves towards oxidising agents as though it contained two 
free hydroxy-groups in the p-position, and we have therefore assigned 
to it the constitution given above. 

When this lactone is methylated in strong alkaline solution with 
methyl sulphate, the lactone ring suffers disruption, and the product 
consists of the methyl ester of a:2:4:5:2': 5'-hexamethory-B’-phenoxy- 
B-phenylisobutyric acid, The free acid, 


Me0/ ‘-0: CH,"C(0Me)-CH,-/ ‘owe 
o OMe C0, H MeO. F aguas 


obtained from the methyl ester by hydrolysis, crystallises with one 
molecule of water in prisms and melts at 102°. 

Tetramethyldihydrobrazileinol also reacts readily with hydrogen 
peroxide in acetic acid solution (p. 1161), and is converted into the 
lactone of 2’ : 2-dihydroay-a : 4: 5 : 5'-tetramethoxy-f'-phenoaxy-B-phenyliso- 
butyric acid (m. p. 160°): 


MeO’ \-0- CH,-O(OMe)-CH,-(- 


\ / 7-0 —00 
a change which is exactly analogous to the formation of the lactone 
of melting point 218° from trimethylbrazilein under the same 
conditions. The lactone (m. p. 160°) yields on treatment with methyl 
sulphate and potassium hydroxide the methyl] ester of a:2:4:5:2':5’- 
hexamethoxy-f’-phenoxy-8-phenylisobutyric acid (see above), and 
this fact is strong evidence that the explanations of the formation of 
these lactones and the constitutional formule assigned to them are 
correct, 


OMe 


When hematein is treated with hydrogen peroxide under the 
conditions described in the case of brazilein, it yields a nearly black 
quinone, the investigation of which is not yet complete. The methyl 
derivatives of hematein also react readily with hydrogen 
peroxide, but the products are syrups and have, so far, not been 
obtained in a crystalline condition, and they could therefore not be 
purified and analysed. 


In the foregoing pages, we have adopted the formula I (see p. 1129) 
for brazilin which was suggested in our last paper (Trans., 1908, 93, 
496), and have accepted it as correct. It was, however, pointed out at 
that time that the position of the alcoholic hydroxyl group in that 
formula was open to some doubt, and that there were, indeed, two 
formule for brazilin, namely, 
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O O 
HO/ ie NOH, HO/” YH, 
SV JOR, A/C, 
CH CH, and C(OH) CH, 
>< ane 
ee *. 
HO OH HO OH 


(L.) (II.) 
which seemed to account almost equally well for all the then known 
properties of this substance. The study of the methyl derivatives of 
brazilein, and especially the investigation of tetramethyldihydro- 
brazileinol, has now made it possible to decide definitely in favour 
of formula I. The two expressions (I and II) for brazilin lead to 
four possible formule for trimethylbrazilein, three of which (III, IV, 
and V) are derived from I and the other one, VI, from IT: 


O 0 
— ~ /\on, 0: , / \ou, 
, 4 J AOMe) i /A\ / (OMe) ih 
G CH, C OH, 
_ ee \ Pd 
ae: 
mC *. as / 
MeO . MeO OMe 
(III.) (IV.) 
O ro. 
Me0/ if Non, MeO “OH, 
Ay emans, \/ 
CH oH G(OMe) CH 
a i ae 
> © 
sr oh ae 5 
JY OMe OMe 
(V.) (VI.) 


These four expressions for trimethylbrazilein lead to three formule 
for tetramethyldihydrobrazileinol, namely, 


0 : 0 
Meo \“ H, Meo’ \ SCH, 
AV aan, AV ZOeen, 
(0H) —«OOH, OH UH-OH 
oy % 
¢ f S 
eg 
MeO OMe MeO OMe 


ENGELS, PERKIN, AND ROBINSON: BRAZILIN, 


0 
Meo’ \“ CH, 


| | 
OAN putin 
(OMe) COH-OH 
ed 
ar ™ 


aad 
MeO OMe 
(IX.) 
Since, however, tetramethyldihydrobrazileinol yields trimethyl- 
brazilone, 


O 


Meo \“ ‘ye-00 
Whe % 

C(OH) CH,* 

5 ee 

ys 

Nii 

MeO OMe 
(Zoe. cit. p. 498), on oxidation, it follows that the correct expression for 
the former must contain a >CH, group in the position marked by the 
asterisk in the latter (compare Trans., 1908, 93, 492). The only formula 
which fulfils this condition is VII, and this therefore must represent 
tetramethyldihydrobrazileinol. This expression may be derived from 
III or IV for trimethylbrazilein, and, as these are both derived from 
formula I, it follows that this expression, which we have adopted in 
this and in the last paper, must be the constitutional formula of 
brazilin. The question now arises “ which of the formule III and IV 
represents trimethylbrazilein?” The results of our experiments on 
the methylation of brazilein have shown that there is one phenolic 
hydroxyl group in that substance which is exceedingly difficult to 
methylate, and, indeed, the fact that dimethylbrazilein (p. 1132) is 
one of the products of methylation’and is soluble in dilute alkalis 
proves that the alcoholic hydroxyl group in brazilein is actually 
methylated before that particular phenolic hydroxyl group. 

The formule for brazilein corresponding with III and IV for 
trimethylbrazilein are 
O 


HO | 
A /0ORDN 
C CH 


O 
0’ 4 Nou, 


NAN A 
% CH 


2 
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and it is clear that XI does not offer an explanation of this difficulty 
of methylation, since both the o-hydroxy-groups in the positions they 
occupy in that formula are well known to be readily methylated. 
On the other hand, formula X contains a hydroxy-group adjacent 


to the quinonoid oxygen, and it has been repeatedly observed that a 
hydroxy-group adjacent to an acidic group, such as >CO or -CO,H, 
or to quinonoid oxygen is methylated only with extreme difficulty. 
These and other arguments which will readily suggest themselves 
clearly prove, in our opinion, that the constitution of brazilein is 
represented by formula X and consequently that of trimethylbrazilein 


by III. 


EXPERIMENTAL. 
The Methylation of Brazilein. 


The brazileift which we employed in the experiments described in 
this paper was prepared from brazilin by oxidation with iodine (com- 
pare Liebermann and Burg, Ber., 1876, 9, 1886 ; Benedict, Annalen, 
1875, 178, 101). The small quantity of iodine which it contained 
was removed during the process of conversion into trimethylbrazilein. 

Brazilin (carefully purified by recrystallisation from dilute alcohol, 
50 grams) is dissolved in the smallest possible quantity of warm 
alcohol, mixed with hot water (4 litres), the clear solution cooled to 
60—70°, then a solution of iodine (33°8 grams) in alcohol (42°5 c.c.) 
added, and the mixture allowed to remain overnight. 

The brazilein, which separates in characteristic glistening crystals, 
is collected, well washed, first with water and then with warm alcohol, 
and dried on porous porcelain at the ordinary temperature. The 
yield is about 30 grams. 

The conversion into trimethylbrazilein is carried out as follows: 

srazilein (115 grams) is mixed in a large, round-bottomed flask with 
water (550 ¢.c.) and ice (200 grams), aqueous potassium hydroxide 
(185 c.c. of 43 per cent.*) is then added, and the flask well shaken 
until the brazilin has completely dissolved. Methy! sulphate (210 c.c.) 
is then poured in all at once, and the whole continuously shaken, 
rise of temperature being carefully checked by cooling, when it will 
be observed that, after about forty to fifty minutes, a solid will have 
commenced to separate. A further quantity of the potassium hydroxide 
(130 ¢.c.) is now added in three or four portions during the course of 
a quarter of an hour, the shaking and cooling continued as before, 
and, when the operation is finished, the deep crimson colour of the 
original alkaline solution will have changed to brown. 

After remaining for four hours, the precipitate is collected on calico 
on filter frames, ground with water, filtered at the pump, and washed 


* This corresponds approximately with equal quantities of potassium hydroxide 
(Merck) and water. 
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with very dilute sodium hydroxide and then with water until the 
washings are only a pale sherry colour.* 

The ochreous residue, after drying on porous porcelain over sul- 
phurie acid, should weigh about 80 grams. The deep reddish-brown 
filtrate is mixed with ice, just acidified with dilute sulphuric acid (or, 
better, acetic acid), and the orange precipitate collected, washed, and 
dried on porous porcelain. The residue may be crystallised from 
acetic acid, from which it separates as a garnet, crystalline mass, which 
is soluble in alkalis, and, on analysis, gives numbers agreeing approxi- 
mately with those required for dimethylbrazilein : 

0°1541 gave 0°3881 CO, and 0:0699 H,O. C=68'7; H=5-0. 

C,,H,,0,; requires C= 69°2 ; H=5-l per cent. 

The methoxy-groups were determined by Zeisel’s method,t with 
the following result : i 

0:2251 gave 0°3163 AgIl. OMe=18'5. 

C,,H,,0,;, containing two OMe groups, requires OMe = 19°7 per cent. 

As the yield of crystalline substance was only very small, it has, 
in the meantime, not been further investigated. The crude dimethy]- 
brazilein is, however, very valuable, and was always carefully collected 
and subjected to further methylation in the following way. 

The dry substance (250 grams) is dissolved in water (1 litre) and 
potassium hydroxide solution (180 c.c. of 43 per cent.), mixed with 
methyl sulphate (216 c.c.), and the whole well shaken and cooled as 
before, when, in about twenty minutes, a precipitate will commence to 
separate. 

A further quantity of potassium hydroxide (140 ¢.c.) is then added 
in small quantities at a time, and, after shaking and cooling for ten 
minutes, the whole is left overnight and the product worked up 
exactly as before. The total yield of the product of methylation, 
insoluble in dilute alkali, should be about 80 grams from the 115 
grams of brazilein employed. 


Separation of Trimethylbrazilein and Tetramethyldihydrobrazileinol. 


The crude product of the methylation of brazilein, insoluble in 
alkali, consists essentially of a mixture of trimethylbrazilein and 
tetramethyldihydrobrazileinol in approximately equal quantities. 
The separation of these substances is a matter of considerable experi- 


* When, as sometimes happens, the crude product is dark coloured, soft, and 
resinous, it is ground with very dilute sodium hydroxide and allowed to stand ntil 
it has become hard and granular. 

+ The determinations of methoxy-groups, given in this paper, were all car ried 
out by Perkin’s modification of Zeisel’s method (Trans., 1903, 83, 1367), which was 
found to be very rapid and accurate. 
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nental difficulty, owing to the presence of resinous matter, and to the 
fact that tetramethyldihydrobrazileinol is so soluble in nearly all 
solvents, and has so little tendency to assume crystalline form, that it 
prevents the crystallisation of the trimethylbrazilein. Ultimately we 
devised the two following methods of separation, which have enabled 
us to prepare pure trimethylbrazilein in considerable quantities. 

I. Separation by Means of Formic Acid.—The crude product 
(62 grams) is warmed with formic acid (100 c.c. of sp. gr. 1°22) at 
50° until dissolved, warm water (35 c.c.) is then added, and the deep 
red solution left for several days. The brilliant crimson, crystalline 
sediment of trimethylbrazilein formate (p. 1136) is collected, washed 
with dilute formic acid (1 part to 4 parts of water), drained on 
porous porcelain, and boiled with dilute alcohol (75 per cent.). The 
alcohol decomposes the formate, and, on cooling, pure trimethyl- 
brazilein separates in glistening, amber prisms, but the yield is 
usually very unsatisfactory. The tetramethyldihydrobrazileinol con- 
tained in the mother liquors may be precipitated by water and 
separated from trimethylbrazilein by treatment with alcoholic potash 
in the way described on p. 1138. 

II. Separation by Means of Hther.—In dealing with large quantities 
of material, the following process of separation gives the more satis- 
factory results, and is based on the observation that, whilst tetra- 
methyldihydrobrazileinol is very soluble in ether, trimethylbrazilein 
is sparingly soluble in this solvent. The crude product is kneaded 
with ether in a mortar, the ether being decanted and replaced 
by fresh solvent about fifteen to twenty times and until practi- 
cally all the tetramethyldihydrobrazileinol has been extracted. The 
residue is then dissolved in boiling alcohol and allowed to stand 
for twenty-four hours, when a cake of crystalline trimethylbrazilein 
will have separated, and further large quantities may be obtained by 
digesting the mother liquor with animal] charcoal and then allowing it 
to concentrate slowly in the air. The ethereal solution containing 
the tetramethyldihydrobrazileinol is evaporated, and the residual 
amber syrup kneaded and left in contact with water until it has been 
converted into a chalky mass, which is drained on porous porcelain 
and purified as explained on p. 1139. 


Trimethylbrazilein, C,,H,O,(OMe),. 
For analysis, the substance, obtained as described in the last section, 
was several times recrystallised from alcohol : 
I. 0°2038 gave 0:°5182 CO, and 00992 H,O. C=69'3; H=5-4. 
II. 0:1620 ,, 0°4143C00, ,, 0°0790 H,O. C=696; H=55, 
C,,H,,0, requires C=69°6 ; H=5°5 per cent, 
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The determination of the methoxy-groups by Zeisel’s method gaye 
the following results : 

0°3462 gave 0°7712 AgIl. OMe=28°2. 

0°2936 ,, 0°6219 AgIl. OMe=28°0. 
C,,H,,0,, containing three OMe groups, requires OMe = 28'5 per cent, 


Trimethylbrazilein melts at 177—178° to a red liquid, and is readily 
soluble in methyl or ethyl alcohol, chloroform, benzene, acetic acid, or 
ethyl acetate, but sparingly so in ether or light petroleum, and the 
solutions stain the skin a deep yellow. 

The finely-divided substance dissolves appreciably in boiling water, 
and the deep yellow solution deposits, on cooling, a voluminous mass 
of bright yellow needles. The most suitable solvents for crystal- 
lising large quantities seem to be ethyl alcohol or ethyl acetate, 
Trimethylbrazilein crystallises in glistening, yellow plates or in 
needles, or in hard, amber prisms, often of considerable size, but 
the conditions under which these different forms are deposited are 
not known. On one occasion, however, it was observed that a mass 
of needles which had separated from an alcoholic solution changed in 
the course of a few hours and while still in the mother liquor into the 
hard prisms. That trimethylbrazilein, like trimethylbrazilone, crystal- 
lises in different modifications is also indicated by an observation, 
which has twice been made, that, whilst in nearly all cases it melts at 
177°, under certain conditions crystals are deposited which melt at 
159°, and a substance of this melting point was used in analysis II. 
In order to determine whether trimethylbrazilein yields an acetyl 
derivative (compare Herzig, Monatsh., 1898, 19, 742), the pure 
substance (2 grams) was digested with acetic anhydride (10 grams) 
and anhydrous sodium acetate (2 grams), when a dark brown solution 
was obtained, which deposited the unchanged substance on dilution 
with water. Trimethylbrazilein is very readily oxidised by nitric or 
chromic acids, but, on the other hand, it is not very readily attacked 
by alkaline permanganate in the cold; on warming, oxidation takes 
place readily, with the formation of large quantities of oxalic acid. 

The following description of the crystalline form of trimethyl- 
brazilein was supplied by Mr. George Jerusalem. The crystals are 
large, amber-coloured prisms, which fracture conchoidally and show no 
definite cleavage; they belong to the monosymmetric system, and 
exhibit the two forms p{110} and g{011} about equally well developed. 
The form 5{010} is always present, but is so poorly developed that no 
measurements were obtained for it. 

Crystal System.—Monosymmetric and Pseudorhombic : 


a:b6:¢=0°3711:1:0°5860. B=90°6'20". 
Forms observed.—p{110}, g{011}, and 5{010}. 
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The following angular measurements were obtained : 


PART IX. 


1135 


Angle. 


Number 
of observa- 
tions. 


Limits. 


Mean. 


Calculated. 


110 : 110 12 40°26’— 40°56’ -40°43’30" - 

110: 110 11 138 50 —13939 13916 0 | 139°16’80” 

011 : O11 7 60 25 — 60 53 60 44 30 oan 

110 : 011 3 80 7— 8017 801030 | 795720 

011 : 110 3 100 8—10020 | 1001315 | 10013 0 
6 79 31 — 79 57 79 46 50 eo 


110; 011 | 


‘ The crystals were not sufficiently transparent for the satisfactory 
determinations of the optical properties, but the extinctions on the 
faces of p{110} and g{011} were observed to be in accordance with the 


geometrical symmetry. 


Trimethylbrazilein-hydroxylamine, C,,H,,0;,NH,*OH.* 


This substance was obtained as the result of an experiment made 
with the object of preparing an oxime of trimethylbrazilein. 

Hydroxylamine hydrochloride (7 grams) was dissolved in the 
smallest possible quantity of hot water, mixed with sodium methoxide 
(Na=2°3 grams), and, after filtering from the precipitated sodium 
chloride, finely-powdered trimethylbrazilein (3 grams) was added to 
the filtrate. 

At first a deep orange solution was produced, but this soon became 
lighter, and ultimately only very pale yellow. After remaining for 
several hours, the solution was left to concentrate over sulphuric 
acid, filtered from a trace of salt, and the concentration continued, 
when large, colourless prisms separated which were quite free from 
inorganic matter : 


01606 gave 0°3755 CO, and 0:0853 H,O. C=63:8; H=5:9. 


01841 ,, 0°4334C0O, ,, 0°0993 H,O. C=642; H=6°0. 
0-3012 ,, 95 c.c. nitrogen at 15°and 769mm. N=3'8. 
03107 , 96cca 4 » 19° , 773mm. N=3°6. 


C,,H.,0,N requires C=63'5; H=5'8 ; N=3°'9 per cent. 

Trimethylbrazilein-hydroxylamine is sparingly soluble in water or 
alcohol, and decomposes at about 150° with evolution of gas. When 
boiled with acetic acid, sodium carbonate, or ammonia, it is decom- 
posed with separation of trimethylbrazilein. 

Salts of Trimethylbrazilein.—One of the most characteristic properties 

* The addition of hydroxylamine occurs obviously at the quinonoid linking, the 
process being similar to that which takes place in the formation of trimethyl- 
dihydrobrazileinol (p. 1136). 
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of this substance is the ease with which it combines with concentrated 
acids to yield deep crimson salts. When a solution of trimethyl- 
brazilein in acetic acid is mixed with concentrated sulphuric acid, an 
intense crimson solution is formed, which soon deposits a voluminous 
mass of deep crimson needles of the sulphate. 

Similarly, the hydrochloride separates in red needles with a violet 
reflex when concentrated hydrochloric acid is added to the solution of 
trimethylbrazilein in acetic acid. Both of these salts are decomposed 
by water with separation of a yellow, crystalline precipitate, which 
dgubtless consists of trimethylbrazilein. 

Perhaps the most characteristic salt is the formate, C,,H,,0,,CH,0,, 
which was prepared in large quantities and employed in the purification 
of crude trimethylbrazilein (p. 1133). When trimethylbrazilein is dis- 
solved in warm formic acid (sp. gr. 1:022), an intense crimson solution 
is produced, and, if this is mixed with a little water and allowed to 
remain for a few days, the formate gradually separates in magnificent 
ruby prisms, which are sometimes of considerable size and possess a 
quite remarkably brilliant lustre : 

0°1516 gave 0°3592 CO, and 0°0752 H,O. C=646; H=5°5. 

01511 ,, 0°3571 CO, ,, 0:0744 H,O. C=64:4; H=5-4. 

C,)»H, 0, requires C=64'5 ; H=5°3 per cent. 

Trimethylbrazilein formate may be crystallised from small quantities 
of alcohol, but it is decomposed by much boiling alcohol, yielding a deep 
yellow solution from which pure trimethylbrazilein separates, usually 
in needles. The salt is also readily decomposed by water or dilute 
sodium carbonate. 

It is remarkable that, whilst the solution of trimethylbrazilein in 
formic acid is an intense crimson colour, the corresponding solution in 
acetic acid is only orange. Attempts to prepare the acetate have been 
unsuccessful, and it therefore seems possible that trimethylbrazilein 
does not combine with acetic acid to form a salt corresponding with 
the formate. 


Action of Potassium Hydroxide on Trimethylbrazilein. Formation of 
Trimethyldihydrobrazileinol, C,,H,,0.(O0Me),-OH. 


Trimethylbrazilein is insoluble in dilute potassium hydroxide, but, if 
the finely-divided substance (in quantities of not more than 5 grams) 
is boiled with water (150 c.c.) and then concentrated potassium 
hydroxide (5 grams) added in small quantities at a time, it gradually 
dissolves to a pale brown solution. This is filtered from traces of 
unchanged trimethylbrazilein, and the filtrate run in a thin stream 
intogan excess of dilute acetic acid kept cooled by ice and well stirred 
by a turbine, The drab precipitate which separates is collected, left 
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in contact with porous porcelain until quite dry, and then rubbed in a 
mortar with cold alcohol, which dissolves much dark-coloured resinous 
matter. The mass is transferred to the filter, the precipitate well 
washed with small quantities of alcohol until the filtrate is only pale 
yellow, and then crystallised from much boiling alcohol, from which 
trimethyldihydrobrazileinol separates in glistening, yellow prisms, The 
dark-coloured mother liquors are digested for some hours with animal 
charcoal, filtered, and then allowed to concentrate spontaneously in the 
air, and the dark crusts which gradually separate are then purified by 
recrystallisation from alcohol : 

0:1489 gave 0°3592 CO, and 0:0780 H,O. C=65:9; H=5°9. 

01467 ,, 0°3572 CO, ,, 00801 H,O. C=664; H=5°8. 

C,,H,,0, requires C= 66°3 ; H=5'8 per cent. 

The determination of the methoxy-groups by Zeisel’s method gave 
the following results : 

0°3491 gave 0°6979 Agl, OMe= 26-4. 
C,,H.0,, containing three OMe groups, requires OMe = 27:0 per cent. 

When heated in a capillary tube, trimethyldihydrobrazileinol 
gradually darkens in colour, finally becomes deep red, and melts at 
about 177°, the melting point of trimethylbrazilein, into which it is 
obviously: converted during the process (p, 1138). It is readily 
soluble in boiling chloroform or ethyl acetate, and moderately so in 
methyl and ethyl alcohols, but, with the exception of the first named, 
it dissolves sparingly in these solvents in the cold. It is also sparingly 
soluble in benzene, and almost insoluble in light petroleum. It 
separates from its solutions in well-defined, four-sided prisms, and, 
when quite pure, has only a pale yellow colour. 

Trimethyldihydrobrazileinol is not readily attacked by concentrated 
potassium hydroxide even on boiling, and attempts to prepare 
decomposition products by digesting with methyl- or ethyl-alcoholic 
potash were unsuccessful, since the substance was either recovered 
unchanged or yielded resinous products from which nothing crystalline 
could be obtained. When its solution in potassium hydroxide is 
mixed with hydroxylamine hydrochloride, the brown colour rapidly 
becomes paler, and, after several hours, a colourless solution is 
obtained from which acetic acid deposits a colourless precipitate, 
which, however, rapidly becomes yellow in contact with air. If 
hydrogen peroxide (30 per cent.) is added to a solution of trimethyl- 
dihydrobrazileinol in excess of potassium hydroxide, a perfectly 
colourless precipitate is rapidly deposited, which crystallises from 
alcohol in almost colourless, four-sided prisms : 


01679 gave 0:4087 CO, and 0:0896 H,O. C=664; H=5°9, 
C1 9H ,0, requires C= 66°3 ; H =5°8 per cent. 
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This substance melted when rapidly heated at about 185°, ig 
readily soluble in dilute potassium hydroxide, and evidently consists 
of trimethyldihydrobrazileinol, which, therefore, when quite pure is 
almost colourless. 

What was difficult to understand, at first, is that hydrogen 
peroxide should precipitate this substance from a strongly alkaline 
solution. Experiment showed, however, that other phenols behave 
in a similar manner, since, for example, a solution of resorcinol 
methyl ether, C;H,(OMe)-OH, in excess of dilute potassium hydroxide 
is also precipitated by hydrogen peroxide, Possibly the hydrogen 
peroxide converts the potassium hydroxide into peroxide, which is no 
longer able to dissolve the phenolic substances. 


Conversion of Trimethyldihydrobrazileinol into Trimethylbrazilein. 


In describing its behaviour in a capillary tube, it has already been 
pointed out that trimethyldihydrobrazileinol is evidently converted 
into trimethylbrazilein by the action of heat, and this interesting 
change takes place, apparently almost quantitatively, under the 
following conditions. The finely-divided substance is digested with 
ten times its weight of glacial acetic acid for two minutes and the 
deep orange solution poured into water, when the milky liquid soon 


deposits a crystalline precipitate, which, after washing with water and 
dilute potassium hydroxide, crystallises from alcohol in deep yellow 
prisms : 
0°1356 gave 0°3449 CO, and 0°0698 H,O. C=69:4; H=5-7. 
C,,H,,0, requires C= 69°6 ; H=5°5 per cent. 
This substance melted at 177° and consisted, as direct comparison 
proved, of pure trimethylbrazilein, 


Tetramethyldihydrobrazileinol, C,,H,)0,(OMe),. 


It has been shown on p. 1133 that one of the principal products 
of the methylation of trimethylbrazilein with potassium hydroxide 
and methyl sulphate is a substance which is separated from trimethy]- 
brazilein by treatment with ether in the cold and obtained from the 
ethereal solution as an ochreous mass. In order to remove traces 
of trimethylbrazilein which this product undoubtedly contained, it 
(100 grams) was dissolved in a little alcohol and digested with 
alcoholic potash (KOH =15 grams) for fifteen minutes at the boiling 
point. 

The solution was run in a thin stream into much water, kept 
vigorously agitated by a turbine, and allowed to remain overnight, 

eand the pale ochreous precipitate was then collected, well washed 
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with water, and left in contact with porous porcelain and over 
sulphuric acid in a vacuum desiccator until quite dry. The examin- 
ation of this substance showed that it consisted essentially of 
tetramethyldihydrobrazileinol (compare the analogous formation of 
pentamethyldihydrohemateinol, p. 1143), but it was still very 
impure, since a determination of the methoxy-groups yielded 
MeO = 27'5, whereas the formula C,,H,,0,(OMe), requires MeO = 34:3 
per cent. 

The properties of this substance render it very difficult to purify, 
since it is excessively soluble in nearly all organic solvents and 
exhibits very little tendency to crystallise. In light petroleum 
(b. p. 60—70°), it is, however, sparingly soluble, and if the crude 
product (10 grams) is digested with light petroleum (500 c.c.) most of it 
dissolves, leaving a dark brown resin. The solution was decanted, 
digested with animal charcoal, concentrated to about 100 c.c, (under 
200 mm. pressure), poured into.a beaker, and allowed to stand for 
some days, when hard, apparently amorphous crusts formed on the 
bottom and sides of the beaker. The analytical results obtained 
were now much more satisfactory, and indicated that this substance 
consisted of nearly pure tetramethyldihydrobrazileinol : 

0:1471 gave 0°3558 CO, and 0:081 H,O. C=66:0; H=6:1. 

C,,H,,0, requires C= 67-0 ; H= 6:1 per cent. 

The determination of the methoxy-groups by Zeisel’s method 
gave: 

02107 gave 0529 AgI. MeO=33°2 
C)H__0,, containing four MeO groups, requires MeO = 34:3 per cent. 

The unsatisfactory nature of this substance, especially when com- 
pared with pentamethylhemateinol (p. 1143), which erystallises with 
such facility, made it appear probable that its inability to crystallise 
properly was due to the impurity which it still contained, and, in order 
to test this point, it was decided to prepare the substance from 
trimethyldihydrobrazileinol by direct methylation. 

Trimethyldihydrobrazileinol (4 grams) was dissolved in methyl 
alcohol, and mixed with methyl-alcoholic potash (KOH =5 grams) and 
methyl sulphate (4 grams), the whole being well cooled during the 
addition. 

A further quantity of methyl-alcoholic potash (KOH=2 grams) 
and methyl sulphate (4 grams) was then added, and, after remaining 
overnight, the whole was diluted with water, when a yellow, amorphous 
precipitate separated. This was collected, washed well, and allowed 
to remain over sulphuric acid in a vacuum desiccator until quite 
dry, but the pale ochreous mass still showed the same inability to 
crystallise which had been observed in the case of the previous 
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specimen. It separated from light petroleum in crusts which could 
scarcely be called crystalline, but the analytical results were now 
more satisfactory : 

0°1333 gave 0°3242 CO, and 00763 H,O. C=664; H=6°3. 

01466 ,, 0°3580 CO, ,, 0°0832 H,O. C=666; H=6'1. 

C,,H,,.0, requires C=67°0; H=6:1 per cent. 

The methoxy-determination gave the following results : 

0:147 gave 0°3558 AgIl. MeOQ=33°2. 

01595 ,, 03938 Agl. MeO=33°6. 

C,,H,,0,(OMe), required MeO = 34:3 per cent. 

Tetramethyldihydrobrazileinol softens at 55° and becomes trans. 
parent at about 60°, but it has no definite melting point. 

It is very readily soluble in methyl or ethyl alcohol, chloroform, 
benzene, or ether, and is also appreciably, although sparingly, so in 
boiling water. It is almost insoluble in cold light petroleum. It 
dissolves in formic acid with an intense eosin-red colour, and is 
reprecipitated by much water, 


The Methylation of Haematein. 


In preparing the large quantities of hematein required for these 
experiments, the following method, based on the observations of 
J. J. Hummel and A. G. Perkin (Trans., 1882, 41, 368), was 
employed. 

Finely-powdered pure hematoxylin (15 grams) is dissolved in water 
(150 c.c.) and concentrated ammonia (15 c.c.), and a rapid current of 
air drawn through the solution for about six hours, all rise of 
temperature being avoided by cooling in running water during the 
operation. Dilute acetic acid (about 250 c.c. of 10 per cent.) is heated 
on the water-bath, and the product of oxidation added in a thin 
stream, steam being passed during the addition, when hematein 
separates in crystals with the characteristic silver lustre. The product 
is filtered, washed with water and then with methyl alcohol, and 
drained on porous porcelain. | 

The yield of hematein varies considerably in different experiments, 
it is sometimes 80 per cent. and sometimes as low as 50 per cent. of 
the theoretical. The methylation of hematein is a very difficult 
operation, much more so than the methylation of brazilein, and this is 
due partly to the readiness with which hematein is oxidised in alkaline 
solution and partly to the solubility of the product of methylation. 
The operation is carried out in a large, round-bottomed flask provided 
with a cork and tubes, so that oxidation may be avoided as far as 
possible by passing coal gas. 

Hematein (80 grams) is mixed in the flask with water (400 c.c.) ice 
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(200 grams), and potassium hydroxide (217 c.c. of 43 per cent.), and 
well shaken until the hematein has completely dissolved. Methyl 
sulphate (230 c.c.) is added in one portion, the flask well agitated, 
carefully cooled in running water, and a current of coal gas passed 
during the whole operation. After about three-quarters of an hour, a 
further quantity of potassium hydroxide (150 c.c.) is added in several 
small quantities, and the shaking continued for fifteen minutes; the 
flask in then allowed to remain for three to four hours in running 
water. The precipitate * is collected on cloth on a filter frame, well 
washed, and drained on porous porcelain ; it is then treated as explained 
in the next section. 

The dark red filtrate is acidified with acetic acid, saturated with salt, 
and the precipitate collected, washed with water, and further methylated 
by dissolving in water (300 c.c.) and potassium hydroxide (72 c.c. of 
43 per cent.) and shaking with methyl sulphate (86 c.c.), the precipitate 
which forms being again collected and drained on porous porcelain as 
before. This process is repeated with the mother liquor until no more 


_ precipitate forms, but, even under the most favourable conditions, the 


yield of the crude product of methylation, insoluble in alkalis, is very 
unsatisfactory and is seldom more than 40 per cent of the hematein 


employed, 


T.tramethylhaematein, C,,H,0,(OMe),, Tetramethyldihydrohaemateinol, 
C,,H,0,(OMe),-OH, and Pentamethyldihydrohaemateinol, 
C,,H,O,(OMe),. 


The crude product of the methylation of hematein, obtained as 
explained in the last section and which is insoluble in cold dilute 
potassium hydroxide, contains tetramethylhaematein and pentamethyldi- 
hydrohaemateinol,t and these may be separated by taking advantage of 
the fact that the pentamethyl compound is more soluble in cold ethyl 
acetate (or in boiling light petroleum) than the tetramethyl compound. 
In the one case, the crude mass is ground up with successive smgll 
quantities of cold ethyl acetate, until the dark resinous impurity 
and much of the pentamethyl compound has been removed, and 
the residual ochreous mixture of the tetra- and penta-methyl com- 
pounds is separated into its constituents by fractional crystallisation 
from ethyl acetate, when the tetramethyl compound separates first. 
The ethyl acetate mother liquors are digested with animal charcoal, 


* It sometimes happens that no precipitate separates, in which case a further 
quantity of methyl sulphate (86 c.c.) and potassium hydroxide (56 c.c.) is added 


and the shaking continued as before. 
+ Generally speaking, the latter is present in much the larger quantity, and in 
one large preparation the product consisted entirely of crude pentamethyldihydro- 


hemateinol. 
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filtered, the filtrate allowed to concentrate spontaneously in the air, 
and the dark crystalline crusts which separate are then purified 
as before by crystallisation from ethyl acetate or, better, from alcohol, 
When much resinous matter is present, separation by means of light 
petroleum has frequently been found advantageous. - The crude mass 
is repeatedly extracted on the water-bath with much light petroleum 
(b. p. 100—110°), which dissolves the pentamethyl compound the 
more readily, and from which ochreous crusts are deposited on 
cooling. 

After collecting, the filtrate is used to again extract the undissolved 
mass, the process being repeated several times until an insoluble, black 
resinremains. Tetramethylhematein and pentamethyldihydrohema- 
teinol are then separated from the crude crystalline mass as before by 
fractional crystallisation from ethyl acetate. 

Tetramethylhaematein.—This substance is obtained pure by repeated 
crystallisation from alcohol or ethyl acetate, from either of which it 
separates in beautiful amber-coloured, rhombic prisms with truncated 
ends. For analysis, it was dried over sulphuric acid. 


0°1578 gave 0°3878 CO, and 0:0823 H,O. C=67:0; H=5'8. 
0°1738 ,, 0:4279CO, ,, 0°0891H,0. C=67:1; H=5-7. 
C,,H,.0, requires C=67'4; H=5°6 per cent. 


Tetramethylhaematein melts at 210° to a red oil, which rapidly 
decomposes and is readily soluble in boiling alcohol or ethyl acetate, 
but sparingly so in these solvents in the cold. It is also sparingly 
soluble in benzene and almost insoluble in light petroleum. It 
dissolves in formic acid with an intense crimson colour, but the formate 
does not, like trimethylbrazilein formate (p. 1136), appear to crystallise 
readily ; it is also very readily soluble in acetic acid, yielding a deep 
orange-brown solution. 

Tetramethylhematein dissolves in concentrated sulphuric acid in the 
cold with an intense crimson colour, but this soon begins to change, and 
if warmed at 60° the change to orange is very rapid. 

The solution acquires a faint green fluorescence, which is not 
nearly so marked as that exhibited by trimethylbrazilein under the 
same conditions. When the orange solution is poured into water, 
a bright red, gelatinous precipitate separates, which is described on 
p. 1151. 

Tetramethyldihydrohaemateinol—When tetramethylhematein is 
ground to a paste with water and warmed with dilute potassium 
hydroxide, it rapidly dissolves to a pale claret solution. This was 
filtered into an excess of cold dilute acetic acid, and the pale ochreous 
very voluminous precipitate was collected, washed with water, dried 
on porous porcelain, and crystallised from alcohol : 
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0:1477 gave 0°3482 CO, and 0:0800 H,O. C=64:3; H=6'1. 
01342 ,, 0°3153C0O, , 00718 H,O. C=64:2; H=6°0. 

C,)H,.0, requires C = 64:2; H=5-9 per cent. 
Tetramethyldihydrohaemateinol melts at 183°, and is readily soluble 
in boiling alcohol, ethyl acetate, or chloroform, but sparingly so 
in the two first mentioned in the cold as also in benzene, and it is 
almost insoluble in light petroleum. 

It dissolves readily in glacial acetic acid, and the solution, on 
boiling, becomes a deep red, elimination of water and formation of 
tetramethylhematein taking place apparently during this operation 
(compare the analogous formation of trimethylbrazilein from tri- 
methyldihydrobrazileinol, p. 1138). 

Pentamethyldihydrohaemateinol._—The separation of this substance 
from the crude product of the methylation of hematein is de- 
scribed above. After repeated recrystallisation from alcohol and 
then from ethyl acetate, the following results were obtained on 
analysis : ; 
0°1378 gave 0°3284 CO, and 0:0791 H,O. C=65:0; H=6:°3. 
0:1470 ,, 0°3502 CO, ,, 0°0866 H,O. C=65:0; H=6°4. 

C,,H,,0, requires C= 65-0 ; H = 6:2 per cent. 
The methoxy-groups were determined with the following result : 


0:2691 gave 0°7770 AgIl. MeO =38°2. 
C,,H,,0,, containing five MeO groups, requires MeO = 39°8 per cent. 


Pentamethyldihydrohaemateinol melts at 159—160°, and is readily 
soluble in boiling alcohol, ethyl acetate, or chloroform, but sparingly 
so in light petroleum. It separates from alcohol in very pale yellow, 
four-sided plates, but, when its solution in ethyl acetate is allowed to 
concentrate spontaneously, it is frequently deposited in well-defined, 
six-sided plates or prisms. It is curious that this compound should 
crystallise with such facility, whereas the corresponding tetramethyl- 
dihydrobrazileinol (p. 1139) is so difficult to obtain in a crystalline 
condition. 

Pentamethyldihydrohemateinol dissolves in concentrated sulphuric 
acid with a brilliant crimson colour, which changes only slowly at 
the ordinary temperature. If the solution is warmed at 60°, however, 
it rapidly becomes pale reddish-brown, and acquires a very faint green 
fluorescence which is not nearly so marked as in the case of tetra- 
methyldibydrobrazileinol. When poured into water, a crimson salt 
separates, which dissolves readily in hot water and, on slowly cooling, 
crystallises beautifully in bunches of orange-red needles (see p. 1152), 
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Oxidation of Tetramethyldihydrobrazileinol with Chromic 
Acid, 


Formation of. Trimethylbrazilone and other Products. . 


In carrying out this oxidation, tetramethyldihydrobrazileinol 
(12 grams) was dissolved in glacial acetic acid (60 c.c.) in a large 
beaker fitted with a mechanical stirrer, and then chromic acid 
(12 grams) dissolved in water (20 ¢.c.) was gradually added, the whole 
being carefully cooled by running water during the operation. The 
product was poured in a thin stream into much water, saturated 
with salt, and allowed to stand overnight; the precipitate 
which had separated was collected and purified by many crystal- 
lisations from ethyl acetate, alcohol, and finally from methyl ethyl 
ketone : 

0°1886 gave 0:4596 CO, and 0°0882 H,O. C=664; H=5-2. 

C,,H,,0, requires C =66°6 ; H=5-3 per cent. 

The determination of the methoxy-groups gave the following 

result : 


0°3202 gave 0°6439 AgI. MeO=26°6. 
C,,H,,0,, containing three MeO groups, requires MeO = 27:2 per cent. 


That this substance, which separated from methyl ethyl ketone in 
colourless prisms and melted at 160°, is trimethylbrazilone (Trans., 
1902, 81, 1041) was proved by conversion into a-acetylanhydrotri- 
methylbrazilone by boiling with acetic anhydride and sodium acetate. 

After crystallising from acetic acid, this derivative melted at 175°, 
and the melting point was unchanged when it was mixed with a 
specimen of the acetyl compound which had been obtained on a 
previous occasion (loc. cit., p. 1045). An analysis was also carried 
out : 

0°1246 gave 0°3128 CO, and 0°0552 H,O. C=685; H=4°9. 

C,,H,,0, requires C = 68°8 ; H =4°9 per cent. 


Trimethylbrazilone is dimorphous, and its melting point varies in a 
remarkable manner according to the solvent from which it is crystal- 
lised. Gilbody and Perkin (/oc. cit., p. 1041) state that, when crystal- 
lised from alcohol, it melts at about 185°, and that subsequent repeated 
crystallisation from benzene causes the melting point to sink to 167°. 
Herzig (Monatsh., 1902, 23, 172) gives 160° as the melting point 
after crystallisation from acetic acid, and we have now observed that 
this substance also melts at 160° when it is repeatedly recrystallised 
from methyl ethyl ketone. When the trimethylbrazilone, previously 
obtained from trimethylbrazilin by oxidation, was crystallised in this 
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way and mixed with the specimen obtained from tetramethyldihydro- 
brazileinol, the mixture melted at 160°. 

The mother liquors from the purification of the trimethylbrazilone 
obfained in the above oxidation were carefully examined, and found 
to contain two neutral substances melting at 98° and 142—144° 
respectively. 

These were present only in very small quantity, and we have 
no clue to their nature, but sufficient of the former was obtained for 
the following analysis : 

0:0945 gave 0°2012 CO, and 0:0415 H,O. C=581; H=4°9. 

C,,H,,0, requires C=58'5 ; H=4°6 per cent. 

The filtrate from the crude trimethylbrazilone, containing common 
salt, was extracted twenty times with ether on the machine, the ether 
evaporated, and the dark residual liquid distilled from the water-bath 
under 20 mm. pressure in order to remove as much acetic acid as 
possible. After standing for twenty-four hours in the ice-chest, 
a considerable quantity of a dark solid had separated, which was 
collected and the filtrate again heated under 20 mm. on the water- 
bath, and this operation repeated until no further separation of solid 
took place even when the thick syrup remained in the ice-chest 
for several days. The solid was boiled with much water, the solution 
filtered from resinous matter, decolorised as far as possible with 
animal charcoal, and evaporated to a small bulk, when an ochreous 
substance separated, which, after several crystallisations from water, 
softened at about 195° and melted at 210°: 

0:1417 gave 03050 CO, and 0°0735 H,O. O=58°'7; H=5°7, 

01322 ,, 02808 CO, ,, 00661 H,O. C=57:9; H=5°6. 

C,,H,,0, requires C= 58-2 ; H=5-9 per cent. 

This curious substance has the properties of a lactone. When 
mixed with cold dilute sodium carbonate, it becomes pink and only 
slowly dissolves, but, on warming, a deep claret solution is at once 
obtained, and potassium hydroxide dissolves it with the same colour. 

It dissolves also readily in hot barium hydroxide with a claret 
colour, which on boiling becomes light brown, and on acidifying an 
ochreous, crystalline substance separates, which crystallises from water, 
melts at about 163°, and is probably not the hydroxy-acid correspond- 
ing with the lactone, because the solution in sodium carbonate is 
colourless. That this substance of melting point 210° is derived from 
the catechol nucleus of brazilin was proved by fusion with potassium 
hydroxide, when, on acidifying and extracting with ether, a syrup was 
obtained which yielded an intense catechol reaction with ferric 


chloride. 
The aqueous mother liquors from the purification of the above 
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substance yielded, on concentration and careful fractional crystal- 
lisation, a second substance, which, under the microscope, was seen to 
consist of a mass of separate threads and to be quite homogeneous, 
This substance melted at about 190°, and yielded on analysis : 
0°1369 gave 0°2716 CO, and 0°0761 H,O. C=54:1; H=6:2. 
C,,H,,0, requires C=54:5; H=6°3 per cent. 

It contains therefore one molecule of water more than the substance 
of melting point 210°, to which it is obviously closely related, since 
it also is only slowly dissolved by sodium carbonate in the cold, but 
dissolves readily, with a deep claret colour, on warming ; it also gives 
the catechol reaction when fused with potassium hydroxide. 

In a second series of experiments on the oxidation of tetramethy]l- 
dihydrobrazileinol with chromic acid, the same substances were again 
obtained in small quantities, and, in addition, two others were isolated, 
namely, an acid which melted at 174° and a neutral substance which 
melted at 170°; of these, the former was sparingly, and the latter 
readily, soluble in water. The acid of melting point 174° is 2-carbomy- 
5-methoxyphenoxyacetic acid, 

Me0/ \O-CH,-C0,H 


\ }co,H , 
© a 


since it yielded on analysis : 
0°1176 gave 02288 CO, and 0°0482 H,O. C=53:0; H=4°5. 
C,,H,,0, requires C=53°0; H=4°5 per cent, 
and when mixed with a specimen of this acid which had been pre- 
viously prepared (Trans., 1901, 79, 1407) there was no alteration in 
melting point. 

The neutral substance shrinks at 163° and melts at about 170°; it is 
very readily soluble in water, alcohol, or ethyl acetate, but sparingly so 
in benzene or ether, and separates, when its solution in much ether 
is concentrated, as a voluminous mass of colourless needles. 

Dried at 100°, it yielded the following analytical results : 

0°1375 gave 03050 CO, and 0:0790 H,O. C=60°5; H=6°4, 

01157 ,, 0:2606 CO, ,, 0°0647H,O. C=614; H=6:2. 

C,,H,,0, requires C=61°9; H=6°3 per cent. 

When the substance was crystallised from water, it separated in 
needles, and contained H,O more than the substance which had been 
dried at 100°: 

0°1290 gave 0:2760 CO, and 0:0762 H,O. C=58:3; H=6°6. 

C,,H,,0, requires C=57'8; H =6°6 per cent. 

The methoxy-determination gave the following result : 

0°175 gave 0°4622 Ag]. MeO=348. 

C,,H,,0,, containing three MeO groups, requires MeO = 34°4 per cent, 
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The solution of this substance in water is slightly acid to litmus, 
but the addition of a drop of V/10-potassium hydroxide makes 
it alkaline to phenolphthalein. That the substance is derived from 
the catechol nucleus of brazilin was shown by the fact that, after 
fusing with potassium hydroxide, acidifying, and extracting with ether, 
an intense catechol reaction was obtained on the addition of ferric 
chloride. It is possible that this substance may have the constitution 


represented by the formula 


CH, 


Meo’ \“ \ 
Meo | C(OMe):CH,-OH. 
rrr 


Co 


The Pyranol Salts Derived from Trimethylbrazilein. 


5'-Hydroxy-4’ : T-dimethoxy-4 : 3-indenobenzopyranol (1:4) Anhydro- 
Cl 


O 
eo’) 


wy ™ 
CH,, 2H,0, the Anhydro-hydrogen 


hydrochloride, 


‘iol 
OMe OH 
Sulphate, and Other Derivatives. 

Trimethylbrazilein dissolves in glacial acetic acid with an orange- 
red colour, and, if concentrated sulphuric acid is added, a deep crimson 
solution is formed, which gradually fades, acquires a green fluorescence, 
and deposits a splendid crimson anhydro-hydrogen sulphate on dilution 
with water. Another way of preparing the anhydro-hydrogen sulphate 
is to dissolve trimethylbrazilein (1 gram) in sulphuric acid (10 c.c.) and 
to warm the deep orange-red solution at 50°, when it soon becomes pale 
brown and exhibits a striking fluorescence. On diluting with water, the | 
anhydro-hydrogen sulphate separates as a brilliant crimson precipitate, 
which was collected, washed with dilute sulphuric acid, and crystal- 
lised from glacial acetic acid, from which it separated in orange-red 
needles or four-sided plates with a green, metallic lustre : 

0-2026 gave 0°4085 CO, and 00815 H,O. C=55-0; H=4-4. 


01764 ,, 0-4840C0, ,, 00630 H,O. C=548; H=4°0. 
0°4422 ,, 0°2678 BaSO,. SO, = 24: 9. 
(,3H,,0,,HSO, requires O-= 55° 1; H=3°'8 ; SO,=24°5 per ihe 


This anhydro-hydrogen sulphate is Saienent by boiling with water 
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with separation of a black resin ; the addition of potassium hydroxide to 
its aqueous solution caused the precipitation of a brown, amorphous 
substance, which is soluble-in excess of alkali, and is probably the 
free pyranol base. 

The anhydrohydrochloride is prepared by dissolving the anhydro- 
hydrogen sulphate in much hot dilute hydrochloric acid and rapidly 
filtering and cooling the solution, when a voluminous mass of brick- 
red needles separates. The salt was collected, washed with dilute 
hydrochloric acid, and dried over sulphuric acid and potassium 
hydroxide in a vacuum : 


0:1720 gave 0°3705 CO,.and 0:0783 H,O. C=58-7; H=5°0. 
03178 ,, 0°1349 AgCl. Cl=10°5. 
C,,H,,0,Cl,2H,O requires C=58°8 ; H=5:1l ; Cl=9°7 per cent. 


This anhydrohydrochloride is readily decomposed when it is boiled 
with water. 

The platinichloride is obtained as a brick-red precipitate when 
platinic chloride is added to a warm solution of the anhydrohydro- 
chloride in excess of hydrochloric acid. It was collected, washed with 
dilute hydrochloric acid, and dried over sulphuric acid : 


0:5366 gave 0°1015 Pt. Pt=18°9. 
(C,,H,,0,Cl),PtCl,,2H,O requires Pt = 18°8 per cent. 


The anhydroferrichloride.—In order to prepare this double salt, ferric 
chloride is added to a hot solution of the hydrochloride in excess of 
hydrochloric acid, and the yellowish-brown precipitate collected. The 
substance is sparingly soluble in acetic acid, and separates as a 
beautiful green, metallic mass consisting of minute leaflets. For 
analysis, it was dried at 100° : 


0°1220 gave 0:1964 CO, and 0:0347 H,O. C=43'9; H=3-2. 
C,,H,,0,,FeCl, requires C = 43-8 ; H = 3:2 per cent. 

This salt darkens at 225°, and gradually decomposes as the 
temperature rises, but it does not melt even at 240°. 

The anhydrohydrotromide.—This beautiful substance is readily 
obtained by warming the anhydro-hydrogen sulphate with aqueous- 
alcoholic hydrobromic acid. The filtered solution is allowed to cool, 
when the salt separates as a mass of microscopic needles with a 
splendid beetle-green lustre : 


0°1102 gave 0:2247 CO, and 0:0451 H,O. C=55°6; H=4°5. 
C,,H,,0,Br,H,O requires C=55:0; H=4°3 per cent. 

The anhydro-cadmium bromide is prepared by adding cadmium 

bromide toa solution of the anhydrohydrobromide in alcohol containing 

a little hydrobromic acid. The light brown precipitate, which separates 
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at once, is collected, washed with water, and dried over sulphuric acid 


in a vacuum : 
0'1216 gave 0°1043 AgBr. Br=36'5. 
C,,H,,0,,CdBr, requires Br = 37°] per cent. 


The Pyranol Salts Derived from Tetramethyldihydro- 
brazileinol. 


7:4 :5'-Trimethouy-4 : 3-indenobenzopyranol (1:4) <Anhydrohydro- 
Cl 
O 


a2 \ou 
| 
C 
YY ‘ou, , and Other Salts. 


Pa! 
be 
MeO OMe 


Tetramethyldihydrobrazileinol dissolves in concentrated sulphuric 
acid with a deep orange-red colour, but this soon becomes paler and 
the solution acquires an intense uranium-green fluorescence. 

After remaining for an hour at the ordinary temperature, the solution 
was poured on powdered ice, when a splendid orange-red precipitate 
separated, which was, at first, rather gelatinous, but became more 
crystalline on standing. It was collected, washed with a little dilute 
sulphuric acid, in which it is rather sparingly soluble, and drained on 
porous vorcelain. 

When this red anhydro-hydrogen sulphate is stirred with glacial 
acetic acid, the colour changes to an ochre-yellow, a change doubtless 
due to loss of water of crystallisation. After drying-over potassium hydr- 
oxide, the ochreous substance gave the following results on analysis : 

0°2238 gave 0°4490 CO, and 0:0899 H,O. C=543; H=4°5. 

06236 ,, 0°3564 BaSO, SO,=22°6. 

C,,H,,0,,HSO,,H,O requires C=53°8; H=4°3 ; SO,=22°6 per cent. 

The red anhydro-hydrogen sulphate gave less SO,, but the analytical 
results were not sufficiently sharp to show the number of molecules of 
water of crystallisation which the salt contains. It decomposes when 
warmed with water with separation of a dark brown, resinous mass, 
and its aqueous solution yields a yellowish-brown precipitate, insoluble 
in excess, when it is mixed with dilute potassium hydroxide or 
ammonia. The anhydro-hydrogen sulphate dissolves in formic acid or 
acetic acid with a splendid fluorescence, and it may be recrystallised 
from warm glacial acetic acid containing a trace of sulphuric acid, 


chloride, 
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The aqueous and methyl-alcoholic solutions also exhibit a striking 
fluorescence. 

The anhydrohydrochloride.—The anhydro-hydrogen sulphate dissolves 
in hot dilute hydrochloric acid, and, on cooling, the hydrochloride 
separates in beautiful glistening, orange needles, which are sparingly 
soluble in hydrochloric acid and the aqueous solution of which exhibits 
a fine green fluorescence. After drying over sulphuric acid and 
potassium hydroxide, the salt was salmon-coloured : 

02233 gave 0°4733 CO, and 0:115 H,O. C=57:8; H=5:°7. 

03181 ,, 0-1212 AgCl. Cl=9-4. 

C,,H,,0,Cl],3H,O requires C=57°3 ; H=5:7 ; Cl=8-9 per cent. 

The platinichloride separates as a buff, amorphous precipitate when 
platinic chloride is added to a warm solution of the anhydrohydro- 
chloride in hydrochloric acid : 


0°3910 gave 0°073 Pt. Pt=18°6. 
(C,,H,,0,Cl),PtCl,,2H,O requires Pt = 18-4 per cent. 

The anhydroferrichloride is readily prepared by adding concentrated 
ferric chloride to a solution of the anhydrohydrochloride in aqueous 
alcoholic hydrochloric acid. The orange precipitate is collected and 
crystallised from glacial acetic acid, from which it separates in brown 
leaflets with a striking coppery lustre. For analysis, the substance 
was dried at 100°: 

0°1218 gave 0:1998 CO, and 0°037 H,O. C=44:9; H=3-4, 

C,,H,,0,,FeCl, requires C= 44°9; H=3-4 per cent. 


The Pyranol Salts Derived from Mono- or Di-methylbrazilein. 


4’ : 5'-Dihydroxy-7-methoxy-4 : 3-indenobenzopyranol (1 : 4) Anhydro- 
’ HSO, 


hydrogensulphate, 


In order to prepare this salt, dimethylbrazilein (probably containing 
monomethylbrazilein), prepared as described on p. 1132, is dissolved in 
sulphuric acid. The deep crimson solution is warmed on the water- 
bath, and, as soon as the colour has completely changed, the 
fluorescent solution is poured into water, which causes a sparingly 
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soluble orange precipitate to separate. This is collected, crystallised 
from much acetic acid, and dried on porous porcelain in the air : 

01174 gave 0:2134 CO, and 0°0450 H,O. C= 96; H=4°3. 

C,,H,,0,,HS0,,2H,O requires C=49°3 ; H =4°3 per cent. 

The complex ferrichloride.—The anhydro-hydrogen sulphate may be 
converted into other salts in the usual manner. When it is dissolved in 
alcoholic hydrochloric acid, a yellow solution is obtained, from which 
ferric chloride precipitates a yellow substance. It is sparingly soluble in 
boiling glacial acetic acid, and separates, on cooling, in dark brownish- 
green crystals, which, after drying on porous porcelain in the air, gave 
the following results on analysis : 

0°1330 gave 0°2440 CO, and 0°0421 H,O. C=500; H=3°5. 

02848 ,, 0°0203 Fe,0,. Fe=7'1. 
C,,H,,0,Cl,FeCl,,C,,H,,0,Cl,H,O requires C=502; H=3°4; 

Fe =6°9 per cent. 

It appears therefore that this ferrichloride has an abnormal 

composition. 


Pyranol Salis Derived from Tetramethylhaematein, 


b'-Hydroxy-7 : 8 : 4'-trimethoxy-4 : 3-indenobenzopyranol (1:4) Anhydro- 
FeCl, 
MeO O 
Meo’ \7 \cH 


ehlori aii 
ferrichloride, Ci CH 


Pag 
y 


nile 
MeO OH 
Tetramethylhematein dissolves in sulphuric acid with a characteristic 
carmine colour, and, on warming, this changes to yellowish-brown, but 
the solution does not fluoresce strongly as in the case of trimethyl- 
brazilein (p. 1147). When this solution is poured into water, a 
gelatinous, orange-red substance is obtained, which is very similar to 
the red anhydro-hydrogen sulphate produced from trimethylbrazilein 
under the same conditions. It dissolves in hot alcoholic hydrochloric 
acid, and, on cooling, the solution deposits a brownish-yellow, gelatinous 
anhydrohydrochloride. This anhydrohydrochloride yields double salts 
when treated with metallic chlorides in the usual way, and these are 
gelatinous when first precipitated. Thus the anhydroferrichloride is 
obtained as an orange-red, gelatinous precipitate when ferric chloride 
is added to the solution of the anhydrohydrochloride. It was collected 
and recrystallised from glacial acetic acid, from which it separated as an 


2 
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orange-brown, crystalline mass, which, under the microscope, was seen 
to consist of well-defined, elongated prisms. For analysis, the substance 
was dried at 100°: 
0-1308 gave 0°2082 CO, and 0:0391 H,O. O=43:4; H=3°3. 
C,,H,,0,,FeCl, requires C= 43°7 ; H=3°3 per cent. 


Pyranol Salts Derived from Pentamethyldihydro- 
haemateinol, 


7:8:4' :5'-Tetramethoxy-4 : 3-indenobenzopyranol (1:4) Anhydroferri- 
FeCl, 
MeO O 
Meo \7 \cH 


WAZA 
C CH 


9 


“ 


chloride, 
0S 
nail, 
MeO OMe 
Pentamethyldihydrohemateinol dissolves in sulphuric acid, pro- 
ducing a crimson solution, which, when heated. on the water-bath, 
becomes yellow, owing to the formation of the pyranol anhydro-hydrogen 
sulphate. On pouring into water, an orange salt is precipitated, which 
is much more soluble than the salt which is obtained from tetramethy]l- 
dihydrobrazileinol under the same cdnditions. When dissolved in hot 
aqueous alcoholic hydrochloric acid, a yellow solution of the anhydro- 
hydrochloride is obtained, from which all the usual double salts may be 
prepared. The anhydroferrichloride is an orange-yellow precipitate, 
which crystallises from acetic acid in chocolate-coloured needles, and 
melts at 190°. Dried at 100°, the following results were obtained on 
analysis : 
0°1270 gave 0°2092 CO, and 0:0427 H,O. C=44:9; H=3°7. 
C,)H,,0,;,FeCl, requires C=44'9; H=3°6 per cent. 


Attempt to Synthesise 7 : 4’ :5'-Trimethoxy-4 : 3-indenobenzopyranol (1 : 4) 
Anhydrohydrochloride (p. 1149). 


The first step in these synthetical experiments was the condensa- 
tion of 5:6-dimethoxyhydrindone with formic ester, and this was 
carried out in the following way. Dimethoxyhydrindone (5 grams) 
was dissolved in 100 c.c. of light petroleum (b. p. about 110°), mixed 
with formic ester (12 grams), and then sodamide (10 grams) was 
gradually added to the hot solution. Each addition caused a vigorous 
reaction, and a drab sodium derivative separated. When all the 
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sodamide had been added, the mixture was heated for half an hour on 
the water-bath, treated with ice, and the aqueous layer separated. 
The solution was acidified with hydrochloric acid, the yellow precipi- 
tate collected, drained on porous porcelain, and crystallised from ethyl 
acetate ; 

0:1314 gave 0°3145 CO, and 0°0652 H,O. C=653; H=5'5. 

C,,H,,0, requires C=65°5 ; H =5°4 per cent. 

5 :6-Dimethoxy-2-hydroxymethylene-1-hydrindone separates from 
acetic ester in yellow, prismatic needles, softens at 155°, and is 
completely melted at 170°. It dissolves in concentrated sulphuric acid 
with a cherry-red colour, and its alcoholic solution gives a green 
coloration with ferric chloride. Since it dissolves both in alkali 
carbonates and in sodium acetate, there can be no doubt but that 
it is a true hydroxymethylene compound, and that its constitution is 
represented by the formula 


uso’, 
ON NS 


The next step was to replace the hydroxyl group by chlorine, and 
this was done by digesting the hydroxymethylene compound with 
phosphorus trichloride until solution was complete. The product was 
poured on to ice, and, when the excess of trichloride had been 
decomposed, the whole was extracted with ether, the ethereal solution 
washed with dilute sodium carbonate, dried, and the ether evaporated. 
The solid residue separated from ether in microscopic threads, and, 
after drying over sulphuric acid in a vacuum, the following result was 
obtained on analysis : 

0°1309 gave 0:0781 AgCl. Cl=14°6. 

C,,H,,0,Cl requires Cl=14°7 per cent. 

This chloro-derivative melts at 155°, and is clearly 5 : 6-dimethoxy-2- 
chloromethylene-1-hydrindone. We next proceeded to investigate the 
condensation of this substance with sodium resorcinol in the hope 
that the condensation would take place in accordance with the 
scheme : 


HO’ Non _.-OH.-“” NOM 
kJ "+ OICH:C<o9 "| onto , 


HO/ \-0-CH:0-CH,-( )OMe 


wo, Sco— ome 


The latter substance would doubtless undergo internal condensation 
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when treated with acids to form a derivative of 4:3-indenobenzo- 
pyranol, namely, 
O 
HOf ag \oH 
i 
SO nF clin 
C(OH) CH,, 
at 
F ai” 


or 
MeO OMe 


and this on methylation and treatment with hydrochloric acid should 
yield the anhydrohydrochloride which has been obtained from tetra- 
methyldihydrobrazileinol (p. 1149). Unfortunately, the condensation 
took place in a quite unexpected manner with the formation of 
2’ : 4'-dihydroxy-5 : 6-dimethoxy-2-benzylidene-1-hydrindone, a substance 
which we had described in a previous paper (Trans., 1907, 91, 1097). 
In this synthesis, the sodium derivative of resorcinol may be assumed 
to react in its tautomeric form, as if the sodium were attached to carbon, 
and the whole process is then readily explained by the following 
scheme : 


HO A 0% 


cH (OMe 
| [4 + OICH:C<, lOMe 


Me, a 


NaCl + Hoe Yn CH,-/ SOMe 
oh os C<co7| ome 
og 


HO’ ae 

\ Aue oH OMe 

on Uae 

The following are the details of the experiment : 

Resorcinol (1°1 grams) was dissolved in a littie alcohol and mixed 
with a solution of sodium (0°3 gram) in alcohol ; the chloro-compound 
(2:4 grams) was then added and the solution boiled, when an orange- 
red colour gradually developed. After half an hour, the product was 
diluted with water, the pale brown, crystalline precipitate collected, 
and crystallised from alcohol. The pure substance decomposed at 
235°, and showed all the reactions of 2’: 4’-dihydroxy-5 : 6-dimethoxy- 
2-benzylidene-l-hydrindone. In order to be certain of its identity, 
we methylated the substance and obtained the corresponding tetra- 
methoxy-derivative of melting point 189° (Trans., 1907, 91, 1101). 
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The Action of Hydrogen Peroxide on Brazilein. 
formation of a:4:2':5'-Tetrahydroxy-B'-phenoxy-B-2 : 5-quinoyl- 
HO \-0-CH,*Q(0H)-CH,-/ :0 


isobutyric Acid, 


he Jou CO,H 


In preparing this quinone, brazilein (14 grams) is suspended in 
glacial acetic acid (130 c.c.), mixed with hydrogen peroxide (20 c.c. of 
30 per cent.), and warmed to 30°. The temperature gradually rises 
to 38—40°, but, owing to the fact that brazilein is very sparingly 
soluble in acetic acid at this temperature, the reaction proceeds only 
slowly, and usually requires forty-five minutes for completion. After 
warming to 50°, the product is filtered,* and the deep brown filtrate 
allowed to stand overnight; the crystalline precipitate, which will 
have separated, is collected, washed with cold acetic acid until the 
filtrate is nearly colourless, and drained on porous porcelain. The 
beautiful dark brown, satiny mass is seen under the microscope to 
consist of transparent, brown needles and to be quite homogeneous. 
Three different specimens were avalysed, the two first were obtained 
directly in the manner just described, and the third was recrystallised 
from acetic acid : 

0°1788 gave 0:3623 CO, and 0°0625 H,O. C=55°3; H=39. 

01491 ,, 03001 CO, ,, 00540 H,O. C=55-°0; H=4°1. 

1495 ,, 0:2998 CO, ,, 0°0552 H,O. C=54:8; H=40. 

©,,H,,0, requires C=54°8 ; H=4-0 per cent. 

This quinone dissolves in boiling acetic acid, but more readily in 
formic acid, and separates, on cooling, in almost black, microscopic 
balls of needles. It dissolves in sodium carbonate or potassium 
hydroxide in the cold, yielding deep claret solutions quite different in 
appearance from the colour of the solutions of brazilein in alkalis. 

It shows some very remarkable colour reactions, of which only the 
following need be mentioned. It dissolves in dilute ammonia with a 
reddish-brown colour, and the solution, when exposed to air, becomes 
brown, then an intense indigo-blue, and lastly deep violet. 

If the solution in ammonia is shaken with zinc dust and rapidly 

* When this preparation is successful, only about 4 grams of solid should remain 
undissolved, but, in some cases, a much larger quantity will have separated before 
filtration. This consists of quinone mixed with varying quantities of unchanged 
brazilein, and, if treated again with acetic acid and hydrogen peroxide, the brazilein 
will be readily oxidised and the precipitate is then almost pure quinone. 

A note on this very effective method of oxidation was published by me in 1907 
(Proc., 28, 166) and thought to be new, but Prof. A. F. Holleman has kindly 
pointed out that he had employed the same conditions in 1904 (Rec. trav. Chim., 
23, 169).—W. H. P., jun. 

VOL. XCIII. 4G 
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filtered, a yellow solution is obtained, which in contact with air 
becomes an intense blue. An intense indigo-blue solution is also pro- 
duced when a drop of sulphuric acid is added to a speck of the quinone 
dissolved in acetic acid. A trace of the quinone dissolves in concen- 
trated sulphuric acid with a reddish-violet colour, this rapidly becomes 
bluish-violet, then indigo-blue, and gradually deep green, and, if the 
solution is now cautiously warmed, the green colour fades somewhat, 
becomes browner, and then deep violet. 

The quinone is readily reduced by alkaline reducing agents, such as. 
sodium hydroxide and zine dust, and, when boiled with acetic acid, 
zine dust and acetic anhydride, reduction and acetylation take place 
simultaneously, and a colourless solution is formed which, when poured 
into water, deposits a voluminous, white precipitate. The investigation 
of this interesting product of reduction is not yet complete. 


The Action of Hydrogen Peroxide on Trimethylbrazilein. 


Formation of the Lactone of 2’ : 2: 5-Trihydroxy-a: 4 : 5'-trimethory-B- 
phenoxy-B-phenylisobutyric Acid, 
Me0/ )-0-CH,-C(OMe)-CH,-/ OH 


fe Bos 
\/ O-——(CoO “ -- 


When trimethylbrazilein (8 grams) is dissolved in warm glacial 
acetic acid (50 c.c.), well cooled, and mixed with 7 c.c. of 30 per cent. 
hydrogen peroxide, the colour of the solution becomes intensified, 
the temperature soon begins to rise, and the acetic acid ultimately 
boils. On cooling, the new lactone crystallises out. The best results 
are obtained by conducting the experiment in a wide test-tube 
provided with a thermometer and keeping the temperature at 40—45°, 
when, after about fifteen minutes, the dark brown liquid begins to 
crystallise and soon becomes semi-solid. The product is mixed with 
alcohol (3 vols.), the crystalline mass collected, washed with alcohol 
until quite free from the dark-coloured mother liquor, drained on 
porous porcelain, and recrystallised from boiling glacial acetic acid, 
from which it separates as a voluminous mass of almost colourless 
needles : 

0°2147 gave 0°4800 CO, and 0°1036 H,O. C=610; H=5-4. 

01595 ,, 03573 CO, ,, 0°0760 H,O. C=61:1; H=5°3. 

C,,H,.0, requires C=61°0 ; H=5'4 per cent. 

The determination of the methoxy-groups gave the following 
result : 

0°1822 gave 0°3310 Agl. MeO=24:3. 

C,,H.,0,, containing three MeO groups, requires MeO = 24°7 per cent. 

This lactone melts at about 218—220°, but shrinks together a few 
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degrees below this. It is sparingly soluble in hot alcohol, acetic acid, 
or formic acid, and almost insoluble in cold alcohol, benzene, or chloro- 
form. It separates from its solution in boiling formic acid in beautiful 
colourless, glistening needles. 

It is insoluble in cold dilute sodium carbonate, but, on warming, it 
dissolves, yielding an almost colourless solution, which, owing to 
oxidation, rapidly becomes brown and then purple; potassium 
hydroxide dissolves it in the cold with the same changes of colour, 
and the alkaline solutions give no precipitate with acids, showing 
that the hydroxy-acid is readily soluble in water. Towards acids the 
lactone is very stable, since it does not appear to be readily changed 
by boiling with concentrated hydrochloric acid or dilute sulphuric 
acid, 

It dissolves in concentrated sulphuric acid with a reddish-violet, 
colour, which soon changes to bluish-violet, and the addition of a 
drop of isoamyl nitrite causes the colour to become an intense 
blood-red. 

When concentrated ferric chloride is added to a solution of the 
substance in hot acetic acid, a dark brown solution is produced, and 
the addition of water causes a brown, amorphous substance to 
separate. The hot acetic acid solution gives with isoamyl nitrite or 
concentrated sodium nitrite an intense brownish-orange solution, from 
which water precipitates a bright orange substance. Chromic acid 
rapidly oxidises the solution of the lactone in acetic acid, and a dark 
brown precipitate is formed, which quickly dissolves with a dark 
brown colour. When the lactone (2 grams), dissolved in excess of 
potassium hydroxide, is oxidised in a coal-gas atmosphere with 
hydrogen peroxide (2°5 c.c, of the 30 per cent. solution) at 40°, 
it is converted into a brown syrup, which is very soluble in water 
and gives an immediate precipitate with p-bromophenylhydrazine 
acetate, 

One of the most remarkable properties of the lactone of melting 
point 218° is the fact that it may be distilled under reduced pressure. 
When 5 grams were rapidly heated in a small retort under 10 mm. 
pressure, a sublimate soon formed and then an oil distilled, which 
crystallised in the neck of the retort, only a comparatively small 
carbonaceous residue being left. 

The distillate was melted on to a watch-glass and found to 
weigh 3 grams, and, when rubbed with alcohol, it yielded a mass of 
crystals which melted at 218°, and consisted of the unchanged 
lactone. 

It is remarkable that a substance of such complicated structure and 
high molecular weight should distil. 

The acetyl derivative.—The lactone of melting point.218° is sparingly 
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soluble in cold acetic anhydride, but dissolves readily on warming, and 
if, after boiling for half an hour, the cold solution is poured into water, 
a resinous substance separates which, in contact:iwith ice-water, soon 
becomes quite hard. The mass was ground up with water, collected, 
drained on porous porcelain, and crystallised f..om.methyl alcohol, 
from which part of the substance usually separates as a gum, and the 
liquid then becomes filled with a mass of wooily balis or needles, 
Analysis showed that this substance is a monoacetyl deri: e, instead 
of the diacetyl derivative which was to be expected : 

0°1350 gave 0°2960 CO, and 0:0663 H,O, C=59°3; H=5-4. 

01260 ,, 0:2753 CO, ,, 00610 H,O, C=596; H=5-4. 

C,,H,,0, requires C = 60°3 ; H=5°3 per cent. 

This acetyl derivative melts at 113—114°, and is readily soluble in 
alcohol or benzene, but sparingly so in light petroleum. It dissolves 
at once in cold dilute potassium hydroxide, yielding a colourless solu- 
tion which, in contact with air, soon becomes brown. 

Formation of the Lactone of Trihydroxytrimethoxyphenoxyphenyliso- 
butyric Acid by the Action of Hydrogen Peroxide on Trimethyldihydro- 
brazileinol._In carrying out this experiment, trimethyldihydro- 
brazileinol (1 gram) suspended in acetic acid (10 c.c.) was mixed with 
2c.c. of hydrogen peroxide (30 per cent.), when;the temperature rapidly 
rose and the substance dissolved, forming a deep brown solution. The 
temperature was kept at 45° until crystallisation set in, and in a short 
time the whole became solid enough to allow of the test-tube being 
inverted without loss. After collecting, washing with alcohol, and 
crystallising from this solvent, a mass of nearly colourless needles 
were obtained, which gave on analysis : 

0°1935 gave 0:4320 CO, and 0°0936 H,O. C=60°9; H=5°3. 

C,H. 0, requires C=61‘0 ; H=5-4 per cent. 

This substance melted at 218°, and was identical with the lactone 
obtained from trimethylbrazilein, since there was no alteration in 
melting point when the two specimens were mixed. 


a:2:4:5:2':5'-Hexamethoxy-B’-phenoxy-B-phenylisobutyric Acid, 


Me0/ -0-CH,C(OMe)CH,-/ SOMe 
OMe (0,H MeO OMe * 


The methyl ester of this acid is obtained from the lactone of 
melting point 218°, described in the last section, by treatment with 
potassium hydroxide and methyl sulphate under the following 
conditions. 

The lactone (10 grams) is placed in a 1500 c.c. flask filled with 
coal gas, sufficient dilute potassium hydroxide is added to dissolve 
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it, and then methyl sulphate and potassium hydroxide are added 
alternately with constant shaking until a crystalline precipitate 
separates, care be.ag taken, by cooling, that the temperature does 
not rise above 40°. After standing for two hours, the precipitate 
is collected, washed well,* and erystallised from 70 per cent. methyl 
alcohol : 

0°1628 gave 0°3660 CO, and 0-:0985 H,O. C=61:3; H=6°7. 

014%. §;, 0:3204C0, ,, 0°0864H,O. C=61'4; H=6°7. 

C,,H, 0, requires C=61°3; H=6°7 per cent. 

The determination of the methoxy-groups gave the following 

result : 


0°2420 gave 0°8650 AgIl. MeO=47°2. 
C,,H,,0,, containing seven MeO groups, requires MeO = 48:2 per cent. 


This methyl ester separates from dilute methyl alcohol in beautiful 
colourless prisms, like sugar crystals, and melts at 91°. 

It is readily soluble in hot methyl or ethyl alcohols or acetic acid, 
but sparingly so in light petroleum, It dissolves in sulphuric acid 
with a yellow colour, which, on warming, becomes an intense 
brownish-green, and, if left overnight, a deep sage-green. It is 
very stable towards permanganate, even on warming. 

The heawamethoxy-acid.—The methyl ester of this acid, just described, 
dissolves readily in warm methyl-alcoholic potash, but hydrolysis takes 
place slowly even on warming. After boiling for an hour with a large 
excess of concentrated methyl-alcoholic potash, water was added, the 
solution evaporated until free from methyl alcohol, cooled, and acidified, 
when a gum separated which, warmed with much water, rapidly 
solidified. The mass was ground with water, collected, and crystal- 
lised from dilute methyl alcohol, from which it separates in geatoning, 
four-sided plates containing 1 molecule of water : 


0:1813 gave 0°3864 CO, and 0'1104 H,O. C=58:2; H=6-7. 

01418 ,, 0:3048C0, ,, 00880 H,O. C=586; H=6°9, 

02266 ,, 0-4850CO, ,, 01393 H,O. C=584; H=6°8, 

C..H,.0,,H,O requires C=58'2 ; H=6°6 per cent. 

When this acid is heated at 100°, it loses water, and is converted 
into a gum which, on exposure to air, gradually attracts moisture 
and becomes crystalline. This change takes place rapidly if the 
gum is rubbed with moist acetic ester. A determination of the 
water in the crystalline acid gave the following result ; 

* When the alkaline filtrate is acidified, a gummy substance sometimes separates, 


which, when warmed with water, gradually crystallises, and, after crystallisation 
from dilute methyl alcohol, melts at 100—102°, and consists of the pure hexa- 


methoxy-acid, 
4H 2 
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0°4470, heated at 100° for 14 hours, lost 00173, or 3-9 per cent. 
C,,H,,0,) losing H,O corresponds with 4:0 per cent. 


The methoxy-determination in the crystalline acid gave : 


01740 gave 0°5490 AgIl. MeO=41°3. 
C..H,)H,», containing six MeO groups, requires MeO = 41:0 per cent. 


The hexamethoxy-acid, when rapidly heated, softens at about 95° 
and melts at 100—102°. When boiled with water, it dissolves 
appreciably, and crystallises from the filtered solution in colour- 
less, thin, transparent, four-sided plates, which, when dry, have a 
satiny lustre. It dissolves readily in sodium carbonate, and the 
concentrated solution crystallises, owing to the separation of a 
sparingly soluble sodium salt; the solution of this salt is readily 
oxidised by permanganate. The molecular weight of the acid was 
controlled by titration with 1/10 sodium hydroxide, when it was 
found that 0°3386 required for neutralisation about 0°032 NaOH, 
whereas this amount of a monobasic acid, C,.H,,0,,, should neutralise 
0:029 NaOH. The silver salt was obtained by adding silver nitrate 
to a faintly alkaline solution of the ammonium salt as a white, 
chalky precipitate. It was washed with warm water and dried 
on porous porcelain over sulphuric acid : 

0°3900 gave 00800 Ag. Ag=20°5. 

C,,.H,,0O,Ag requires Ag= 19-9 per cent. 

A slightly alkaline solution of the ammonium salt gives no 
precipitate with barium or calcium chlorides, but a very pale green 
precipitate with copper sulphate. 

The oxidation of the acid by permanganate was repeatedly investi- 
gated under varying conditions in the hope that degradation products 
might be obtained which would conclusively prove the structure of the 
acid, but much oxalic acid was always formed, and no other acids could 
be isolated in sufficient quantity for examination. 

The acid dissolves in fuming aqueous hydrobromic acid in the cold, 
yielding an almost colourless solution, which, on long standing, 
becomes a brilliant bluish-purple. It dissolves in sulphuric:acid, and 
the greenish-brown solution gradually becomes quite black; when poured 
into water, a black precipitate separates, and the liquid has a strong 
odour of sulphur dioxide. 
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The Action of Hydrogen Peroxide on Tetramethyldihydro- 
brazileinol, 


Formation of the Lactone of 2' : 2-Dihydroxy-a : 4 : 5 : 5'-tetramethoxy-f- 
phenoxy-B-phenylisobutyric Acid, 
MeO/ )-O-CH,-C(OMe)‘CH,-“ ‘ome 
—-0-—CO i , 


| 


and its Conversion into the Methyl Ester of a:2:4:5:2':5'-Hexa- 
methoxy-B'-phenoxy-B-phenylisobutyric Acid. 


In order to prepare the above lactone, tetramethyldihydrobrazileinol 
(p. 1140), in quantities of 1 gram, is dissolved in acetic acid (3 c.c.), 
mixed with 1 c.c. of hydrogen peroxide (30 per cent.), and the temperature 
kept at about 40°. The pink colour of the solution gradually 
becomes paler, crystallisation soon commences, and in a short time 
the mass solidifies, After collecting and washing with a little 
acetic acid, the substance is readily purified by recrystallisation from 
alcohol ; 

0°1794 gave 0°4047 CO, and 0:0920 H,O. O=615; H=5-7. 

01614 ,, 0:3636CO, ,, 0°0828H,O. C=61:4;H=5°7. 

C,,H,.0, requires C=61°5 ; H=5°6 per cent, 

The following determination of the methoxy-groups was made : 

0°1318 gave 0:3120 AgIl. MeO=31°2. 

C,,H,.0,, containing four MeO groups, requires MeO = 31°7 per cent. 

This lactone crystallises from alcohol in groups of almost colourless 
needles and melts at 160°. It is insoluble in cold dilute sodium 
carbonate, but dissolves readily on warming; it is at once soluble in 
cold dilute potassium hydroxide. These alkaline solutions differ from 
those of the lactone of the 2’ : 2: 5-trihydroxy-a : 4: 5’-trimethoxy-acid 
(m. p. 218°) (p. 1157) in that they are only very slowly turned brown 
on exposure to air, and also, when acidified, they yield a solid 
substance which, since it is immediately soluble in cold sodium car- 
bonate, is probably the corresponding hydroxy-acid. The lactone gives 
with sulphuric acid the colour changes described in the case of the 
lactone of melting point 218°. 


Conversion of the Lactone (m. p. 160°) into the Methyl Ester of 
Hexamethoxy-B'-phenoxy-B-phenylisobutyric Acid. 


In carrying out this experiment, the lactone was dissolved in 
excess of dilute potassium hydroxide, and shaken with methyl sulphate 
and potassium hydroxide until a crystalline substance separated. 
‘This was collected and recrystallised from dilute methyl! alcohol, when 
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colourless prisms were obtained which gave, on analysis, the following 
results : 
0°1304 gave 0:2928 CO, and 0:0792 H,O. OC=61'2; H=6°7, 
C,H )0, requires C= 61°3 ; H=6°7 per cent. - 
This substance melted at 91—92°, and was identical with the 
methyl ester described on p. 1159, since, when the two specimens 
were mixed, there was no alteration in melting point. 


During the course of these two investigations, much of the heavy 
expense has been met by repeated Grants from the Royal Society and 
from the Chemical Society, and the authors wish to express their 
thanks for .this valuable assistance. They also wish to thank 
Mr. W. N. Haworth, M.Sc., for valuable assistance, especially in 
connexion with the analytical work. 


THE UNIVERSITY, 
MANCHESTER. 


CXII.—The Interaction of Copper and Nitric Acid in 
Presence of Metallic Nitrates Considered with 
Reference to the Existence of Hydrates in Solution. 


By Epwarp Henry Renniz, M.A., D.Sc., Atrrep J. Higarn, F.LC., 
and Wiiu1AM TerRNENT Cooke, D.Sc. 


SomE years ago, one of us was consulted by the Broken Hill 
Proprietary Company in a disputed patent case in which one of the 
points at issue was whether the action of dilute sulphuric acid on 
zinc-lead concentrates would be essentially modified by the addition 
of sodium sulphate. In support of the contention that there would 
be a modification, a demonstration was givenin which equal quantities 
of the concentrates having been placed in two beakers, diluted nitric 
acid was added to the one and to the other an equal volume of the same 
acid saturated with sodium nitrate, the temperature of both being the 
same. Action commenced much earlier and proceeded much more 
rapidly in the case in which sodium nitrate had been added. The 
explanation at first suggested was that the sodium nitrate was impure 
and that it contained something which accelerated the action of the 
nitric acid. On roughly testing the nitrate, however, it appeared 
to be fairly pure and further experiments were decided on. The 
concentrates being rather awkward material to deal with, metallic 
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copper was substituted. It was found that the copper dissolved 
much more rapidly in nitric acid containing sodium nitrate than in 
the acid alone. An experiment was then tried with potassium 
nitrate, but no similar acceleration was observed. This led to a 
suspicion that the first idea of the presence of impurity in the sodium 
nitrate must be the correct one; to test this, several specimens of 
purified sodium nitrate were prepared in various ways : 

(a) By repeated crystallisation of commercially pure nitrate. 

(6) By neutralising Merck’s pure sodium hydroxide with nitric acid. 

(c) By neutralising pure sodium hydrogen carbonate with nitric acid. 

All the samples were crystallised until fairly strong solutions 
were free from chlorine, iron, sulphuric acid, and nitrous acid ; nor 
could any chlorate or iodate be detected in them. The result was 
the same with all the samples. Moreover, it was shown by direct 
experiment that small quantities of iron, sulphuric acid, chlorates or 
perchlorates had no accelerating effect (chlorates distinetly retarded 
the action), Even traces of nitrites had no appreciable effect, 
although on increasing the quantity acceleration set in. Further 
experiments showed, moreover, that the acceleration increased 
with the quantity of nitrate added but tended towards a maximum, 
It was then determined to carry out a systematic investigation, 

An apparatus was so constructed that two test-tubes, each about 
one inch in diameter and six inches in length, could be placed side by 
side and partly immersed in a beaker of water; which was fitted with a 
thermo-regulator. The two stirrers were made by flattening out the 
ends of two glass rods and then twisting the flattened ends into the 
form of screws ; these were fixed in a movable frame, so that they 
could be simultaneously immersed in the two tubes and made to 
revolve at exactly the same rate by means of a small water turbine. 
The temperature in all experiments was 59° (any temperature near 
60° was found convenient as regards the time required to effect dis- 
solution) and was easily kept constant within half a degree by means 
of an ordinary gas regulator (it was ascertained that small variations 
of temperature were of no importance). Pure electrolytic copper foil 
was used. The method of operating was as follows : 

Into each test-tube was poured from a burette a known volume (in 
most cases 10 ¢.c.) of nitric acid of suitable dilution, with or without 
a weighed quantity of nitrate; the tubes were placed in the water- 
bath so that they were immersed and time was given for the contents 
to acquire the temperature of the bath; two pieces of copper of the 
same weight and superficial area were dropped simultaneously one into 
each tube and the stirrers were inserted and set in motion, the time 
of dropping in the copper being then noted and also the time at which it 
was completely dissolved. This could easily be observed through the 
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clear water in the beaker. The copper used was cut into pieces of the 
size required, washed successively with ether, alcohol and distilled 
water, dried as far as possible between sheets of clean blotting paper 
and finally dried by gently warming in the air; it was placed in a 
well-closed bottle and was never handled by the fingers ; its surface 
remained perfectly bright. In all the experiments, the pieces of 
copper rotated in the tubes, owing to the action of the stirrers. It 
was found that by operating in this way fairly concordant results 
could be obtained but there were some irregularities. In the first 
place, as might have been expected from the work of Veley (Proc. Roy. 
Soc., 1889, 46, 216) on the action of nitric acid on copper, the rate of 
stirring was found to affect the rate of dissolution. By extremely 
rapid stirring, the time required for dissolution could be considerably 
prolonged but by.regulating the stirring at the same moderate rate 
for each experiment, as nearly as could be judged by the eye (by 
watching a mark on the small band connecting the stirrers with the 
motor), fairly concordant results could be obtained, the copper being 
dissolved within a moderate time. Again, under exactly similar 
conditions in the two tubes, the copper almost invariably dissolved in 
one slightly faster than in the other, this being specially noticeable 
when the times were longer. This was traced to a difference in the 
stirrers, for on reversing the stirrers the effect was reversed. The 
difference, however, did not affect the general result. Occasionally a 
piece.uf copper would behave abnormally and take very much longer 
than the average time to dissolve. We could only suppose that this 
was due to some abnormality of surface, possibly imperfect cleansing, 
which delayed the action. In spite of these drawbacks, however, the 
figures agree sufficiently well. for our purpose. In the earlier ex- 
periments, the weight of copper used varied only in extreme cases 
from 0°095 to 0:098 gram (the great majority varied only from 0°096 
to 0:097), the superficial area in each case being practically the same. 
The nitric acid used was prepared by diluting to 1 litre 100 cc. of 
65°68 per cent. nitric acid. It therefore contained approximately 
6°5 per cent. In each experiment, 11 ¢.c. were taken ; the temperature 
was maintained at 59° . . 

' The following are some results obtained with sodium nitrate, the 
vertical column giving the time of complete dissolution to the nearest 
half minute, At the head of each column after the first is placed the 
weight, in grams, of dry sodium nitrate added. Abnormal results, 
which occurred extremely rarely (three or four in the whole of the 
experiments contained in this paper) are omitted : 


Nit 


4 
4 
4 
4 
4 
4 
4 
4 


nil 
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Results with Sodium Nitrate. 
Nitric acid alone. 0°5 1°0 2°0 4°0 5:0 6°0 8:0 10°0 


ee eee 40°5 38°0 31°0 24°0 18°0 17°0 12°5 13°5 
GD ws icrverascses 44°0 37°0 31°0 28°0 18:0 17°0 13°0 13°5 
SO 43°0 40°0 30°0 23°0 18°5 16°0 13°0 13:0 
WP Gccacashcseses 49°0 38°5 330 24°5 20°0 16°5 13°5 13°6 
ee ee 42°5 37°0 35'5 26°0 20°5 16°5 — — 
RM késesininscsine SE 29°0 34°0 22°0 18°5 16:0 — — 
WP sciceccesitenss | SRO 37°0 — _— 19°5 — _ — 
db Gitscats 43°0 41°0 -- —_ — — —_ 


A limit is apparently reached on the addition of 8 grams of 
nitrate. 

As previously stated, potassium nitrate appeared to have no 
accelerating effect. The following table gives results with potassium 
nitrate, the conditions being the same as with the sodium salt. The 
potassium nitrate was repeatedly recrystallised until pure : 


Results with Potassium Nitrate. 


0°5 1°0 2°0 4°0 6°0 
47°5 44°5 48°0 52:0 42°5 
49°0 45°0 44°0 51°0 57°0 
46°0 47°5 47°0 51°5 52°5 
45:0 49°0 50°0 49°5 50°0 
48°5 46°0 48°0 51°5 — 


If anything, potassium nitrate in large quantities produces a slight 
retardation. 

Preliminary experiments having shown that other nitrates produced 
effects similar to those due to sodium nitrate, a fresh series was 
instituted, using equivalent weights of the various nitrates so as to 
compare their effects. In all the following experiments, the pieces of 
copper weighed 0:0775 gram within 0°0005 gram, their superficial 
area being as nearly as possible 1°96 square cm. The nitric acid 
used was 2. In each experiment, the quantity of acid taken was 
10 c.c. and the amount of nitrate added was 0°01, 0°02, 0°03, &c., of 
the equivalent weight in grams. 

The following series of experiments was made with sodium nitrate 
in order to establish a standard of comparison for other nitrates : 


Nitric acid 0°01 0°02 0°03 0°04 0°06 01 0°12 equiv. did not 


alone. equiv. equiv. equiv. equiv, equiv. equiv. all dissolve. 
82°0 21°0 16°0 12°5 11°0 10°0 8°5 8°0 


82°5 21°5 17°5 14°5 13°5 10°5 
84°5 23°5 18°5 15°5 12°0 11°0 
82°5 22°0 17°5 13°5 10°5 — 
83°5 24°0 18°5 14°0 12:0 
34:0 23°0 17°5 13°5 12°5 — 
83°0 24:0 18°0 14°0 13°0 _— — 
Mean. Mean, Mean. Mean. Mean. Mean. Mean. Mean. 
83°1 22°4 17°5 14°0 12‘1 10°7 8°7 82 


33°0 22°0 175 13°5 12°5 10°5 9°0 8°5 


a 
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Further experiments were not made with potassium nitrate, the 
results previously given being sufficient to show that potassium 
nitrate has no accelerating but rather a slightly retarding effect. 

Lithium Nitrate—The purest obtainable lithium carbonate was 
dissolved in nitric acid, the solution evaporated to dryness, dissolved 
in alcohol, evaporated to dryness, heated to 110—120° and preserved 
in a well-closed bottle. That it was practically pure was shown by 
the fact that on conversion into sulphate it yielded an almost 
theoretical result. No special examination was made for traces of 
impurity, it having been shown already that such traces have little or 
no effect. The following results show that lithium nitrate has a 
much greater accelerating effect than sodium nitrate : 


4:0 
eee 9°5 
0°03 equiv. ......... 5°5 

Rubidium Nitrate——The rubidium nitrate used was a well-crystal- 
lised specimen obtained from Merck and was not specially examined ; 
its solution in water was quite neutral. As the quantity available 
was small, the solutions once used were freed from copper by electro- 


lysis, evaporated, crystallised and used again. The results were as 
follows : 


0°02 equiv. ......... 37°0 38°5 — — _ 
0°03 equiv. ......... 41°5 40°0 51 (2) 46 48 
0°05 equiv. ......... 53°5 55°0 _ — — 


Caesium Nitrate.—There marks made with respect to the condition of 
the rubidium salt apply also to the cesium nitrate. The effect of this 
salt was as follows : 


O02 equiv. ........ 43° 41 47 55(?) 48 
0°03 equiv. ......... 50°0 57 57 _ _ 


These results are obviously not so concordant as those obtained in 
other cases, It is evident, however, that both rubidium and cesium 
nitrates effect a marked retardation and that the retardation is greater 
with the cesium than with the rubidium salt. During these latter 
experiments and frequently during the whole of the work, the nitric 
acid was tested by itself and found to give a uniform rate of 
dissolution. 

Calcium Nitrate.—The calcium nitrate used was prepared by 
dissolving pure precipitated calcium carbonate in nitric acid, 
evaporating to dryness and drying at about 120°, The results 
obtained were : 


a ai 


NITRIC_ACID IN PRESENCE OF METALLIC NITRATES. 1167 


Acceleration is evidently greater but not so great as with magnesium 
nitrate (see below). 

Strontium Nitrate.—The strontium nitrate was thoroughly purified 
by recrystallising commercially pure material and was free from any 
appreciable amount of impurity. It was rendered anhydrous before 
using by heating to 110—120°. Numerous experiments were made 
with this salt : 


0°01 equiv. ...... 265 255 285 290 j.250 270 270 £«.290 
0°02 equiv. ...... 20°00 8220 210 $210 «+200 195 200 # £21°0 
0-03 equiv. ..... 140 140 150 160 140 140 150 15% 
0°04 equiv. ...... 11°0 10°5 10°0 9°5 — 


The acceleration is great but not so great as with calcium nitrate. 

Barium Nitrate.—The solubility of barium nitrate in nitric acid is 
so small that no satisfactory result can be obtained with it. Even 
with nitric acid of half the strength used in these experiments, 0°01 
equivalent of barium nitrate could not be dissolved in 10 cc. With 
so much as could be dissolved, no accelerating effect could be 
detected. 

Experiments with Nitrates of Magnesium, Zinc and Cadmium.—These 
being all very deliquescent salts, the method of operating with them 
was varied. In each casé the pure oxide was prepared : the magnesium 
oxide by strongly igniting some specially prepared and purified 
carbonate; the zinc oxide by thoroughly washing and igniting 
commercial pure zinc oxide which had been used for analytical 
purposes, the freedom of which from all, but slight, traces of impurity 
was known; the cadmium oxide by precipitating cadmium sulphate 
with ammonium carbonate, washing thoroughly and _ igniting 
at a high temperature. The required weight of oxide was then 
mixed with exactly the quantity of nitric acid required to form 
the normal nitrate and the volume made up with a sufficient excess 
of nitric acid and water to make the solution 2V with respect to the 
acid, Ten c.c. of this solution were then used for each experiment. 
This is obviously not quite the same thing as adding the required 
quantity of nitrate to 10 c.c. of 2N acid but the results obtained with 
these three nitrates are at least comparable among themselves and, 
considering the variations of time due to the conditions of experiments, 
are fairly comparable with those obtained in other cases. The results 
obtained with magnesium nitrate were: 


0°01 equiv. ...... 13°5 13°0 14°0 13 5 
6 


0 185 160 165 
0°02 equiv. ...... 55 COSCO 5 6°0 


9) 5 
0 5 — pet 


There is a great acceleration, considerably greater than with lithium 


or calcium nitrate. 
Zinc nitrate gave the following figures : 


¥ 
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0°01 equiv. ......... 15°5 16 16°0 17 15 17°0 
0°02 equiv. ......... 7°0 7 7°0 7 7 75 
0°03 equiv. ......... 4°0 5 45 4 4 45 


The acceleration is not quite so great as with magnesium nitrate. 
With cadmium nitrate the results were : 


1 18°5 


0°01 equiv.......... 15°0 17 
0°02 equiv.......... 8°0 8 


0 5°5 
5 8°5 

The acceleration is slightly less than with zinc nitrate. 

Experiments with Copper Nitrate-—The fact that the interaction of 
copper and nitric acid is in some way auto-accelerated has been 
frequently observed ; the fact has been ascribed by Veley (Joc. cit.) 
and others to the accumulation of nitrous acid in the solution. That 
the accumulation of nitrous acid is one factor in the acceleration need 
not be disputed, in fact, it appears evident from Veley’s work ; but 
that there is another factor operative, namely, the accumulation 
of copper nitrate, seems evident from the experiments now described. 

Ordinary metallic copper was dissolved in nitric acid and the solution 
evaporated to crystallising point, taking care to keep an excess of 
nitric acid present to prevent formation of basic salt. The crystallised 
salt was separated, washed with ice-cold water and drained on a 
porous tile. It was redissolved and the solution again evaporated to 
erystallising point with sufficient acid to prevent the formation 
of basic nitrate. The crystals were well washed with ice-water, 
drained on a porous tile, placed for two or three days in a partly 
exhausted desiccator over sulphuric acid and then stored in a weil- 
stoppered bottle. 

The salt so obtained dissolved to a perfectly clear solution in water ; 
the solution was very slightly acid to litmus paper. It contained 
27°55 per cent. of copper, equivalent to 81:26 per cent. of anhydrous 
copper nitrate. Quantities of this preparation, corresponding to the 
required quantity of anhydrous nitrate, were then taken and made 
up with sufficient nitric acid and water to form a solution 2V 
with respect to the acid; 10 c.c. of the solution were taken for each 
experiment. The results were : 


0:01 equiv. ............ 17-0 17°0 16°5 
OOS CGMIV. 2...00005 000 8°5 8°5 8°5 


There is evidently great acceleration. 

Experiments with Lead Nitrate.—The lead nitrate used was pre- 
pared by twice crystallising the commercially pure salt and heating 
it to 110—120°. Its solution in water was distinctly but not 
strongly acid; it was found just possible to dissolve 0-02 gram- 
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equivalent in 10 c.c. of the acid at the temperature of the experiment. 
The following numbers were obtained : 


0°02 equiv. ............ 24 25 26 


Evidently there is acceleration but less than with any nitrate tried 
which gives acceleration at all. 

Experiments with Ammonium Nitrate.—A few experiments were 
tried with ammonium nitrate but the results, as was anticipated, 
were irregular and unsatisfactory. This is‘no doubt due to the 
effect of the ammonium salt on the nitrous acid produced. 


Discussion of Results. 


The fact that the hydrolytic effects of acids are considerably 
increased by the addition of their salts has been frequently noticed, 
especially in recent years ; indeed, Caldwell points out (Proc. Roy. Soc., 
1907, '78, A, 277) that as long ago as 1862 Léwenthal and Lenssen 
made experiments on the effect of salts on the rate of inversion of 
sucrose by acids and ascribed the acceleration they observed to the 
withdrawal of water from the salts and the consequent increase of 
strength of the acids. Quite recently the question has been taken up 
experimentally by H. E. Armstrong in conjunction with Caldwell, 
Whymper and Watson (Proc. Roy. Soc, 1907, 79, A, 576). 
Whymper more especially has examined the effect of the addition of 
nitrates on the sucroclastic effects of nitric acid. All these authors 
come to the same conclusion as Léwenthal and Lenssen; they find 
that the degree of hydration of various salts calculated from their 
experiments agrees fairly well with that determined by other experi- 
menters by other methods. The experiments described in this paper 
seem to us to afford strong qualitative evidence in favour of the views 
now generally accepted as to the combination of solute with solvent. 
They appear, moreover, to supply evidence of a kind not hitherto 
published so far as we are aware. Armstrong and Watson, in their 
paper (loc. cit.), say: “As the substances in a solution share the 
solvent and are in competition, it is to be expected that hydration 
values will be found to vary from case to case and that it will not 
always be possible to approximate to the true [de|hydrating effect of a 
salt; indeed, cases are known in which salts apparently retard 
hydrolysis.” The italics are ours. 

Our experiments with rubidium and cesium nitrates afford strong 
evidence of considerable retardation of the action of nitric acid on 
copper, and those with potassium nitrate furnish some evidence in the 
same direction. It seems probable also that when a nitrate is added 
to dilute nitric acid, there is competition between the acid and water, 
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both combining with the salt. We venture to think that the experi- 
ments with the nitrates of the alkali metals strongly support such a 
view, showing as they do that there is a decreasing acceleration from 
lithium nitrate to potassium nitrate, the latter producing not only no 
acceleration but a slight retardation, whilst an increasing retardation 
is noticeable from potassium nitrate to cesium nitrate. It is 
both noteworthy in this connexion and probably significant that 
Ditte long ago (Compt. rend., 1879, 89, 576, 641) showed that potassium 
and rubidium are capable of forming acid nitrates (he apparently did 
not experiment with cesium nitrate) but that lithium and sodium are 
not. With magnesium, calcium, and strontium nitrates, a similar 
decrease in acceleration is observed in the order named ; owing to the 
insolubility of barium nitrate, nothing could be done with this salt. 
So far as they go, zinc and cadmium nitrates exhibit the same phen- 
omenon. If these views are correct, then in the experiments carried 
out by H. E. Armstrong and his co-workers the same influence must 
have come into play as between the salt, acid, and water but the 
effects would be modified by the fact that they used acid of only half 
the strength used by us and that there were other substances present 
which themselves tended to combine either with the nitric acid, water, or 
acid. Moreover, the only salt they used which with us exhibited any 
retarding effect and that a very slight one was potassium nitrate ; 
they did not experiment with rubidium or cesium nitrates, It 
would be interesting to know whether the latter salts would exert 
any retarding influence on the inversion of sucrose by nitric acid. 
Qualitatively, our results accord with those of other-observers if we 
consider the effects produced by gram-molecular weights, not equivalents 
of the nitrates, the order of acceleration being what it should be if 
the calculated hydration results are correct. 

A further deduction to be drawn from these experiments which 
is implied in what has been already stated is that in any one group 
of metals the hydration of the nitrates in solution in dilute nitric 
acid decreases as the atomic weight of the metals increases, and, 
moreover, in the same order. 

The action of copper nitrate has been discussed already. 


Summary. 


1. The dissolution of copper in nitric acid may be greatly accelerated 
by the addition of certain metallic nitrates. 

2, Certain nitrates, however, such as those of cesium and rubidium, 
retard the dissolution. 

3. These phenomena are probably due to the withdrawal of water 
or nitric acid from the solution by the salt. 
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4, The acceleration decreases with nitrates of any one group of 
metals as the atomic weight increases and in the same order. 

5. Copper nitrate has a great accelerating effect: therefore the 
auto-acceleration observed when copper is dissolved in nitric acid 
must be partly due to the copper nitrate formed. 

6. These results afford additional evidence that the process of 
solution is accompanied by the combination of the solute with the 
solvent. 

It is proposed to extend this inquiry in various direction, especially 
with a view to obtaining, if possible, retarding effects with other 
metals, acids and salts, in the hope also of so improving the method as 
to arrive at quantitative results. 


THE UNIVERSITY OF ADELAIDE. 


CXIII.—Condensation Products from Aminopinene- 
dicarboxylic Acid. 


By Wi.i1am GopbEn, B.Sc. 


At the conclusion of a paper on the amino-acid derived from pinene 
(Tilden and Blyther, Trans., 1906, 89, 1563), it was mentioned that 
this compound is capable of forming certain condensation products. 
At the request of Professor Tilden, I undertook the further investi- 
gation of the subject, with the following results. 

It may be observed that, of the two formule possible for this 
compound, 


(Tilden and Burrows, Trans., 1905, 8'7, 344), the latter appears to be 
the more probable, as the acidity of the acid is strongly marked, and 
when heated it readily evolves carbon dioxide. 

An attempt to estimate quantitatively the amount of carbon dioxide 
produced by heating the acid to the melting point, and absorbing the 
evolved gas by means of potassium hydroxide, resulted in the 
collection of 42 parts of carbon dioxide from 229 parts, or one 
molecular proportion, of the acid. This corresponds therefore with 
the destruction of one carboxyl group. The residual substance, 
however, is dark-coloured and viscid, and it has not been found 
possible to characterise it. 

If the acid is heated to fusion for a shorter time, auto-condensation 
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CX1IV.—The Triazo-group. Part IV. Allylazoinide 


By Martin Onstow Forster and Hans Epuarp FIeErz. 


ArreNTION has been directed at various times to the facility with 
which the atoms composing the triazo-group part company, as testified 
by the following illustrations. 

Benzylazoimide is resolved by acids into benzylideneimine an| 
nitrogen (Curtius and Darapsky, J. pr. Chem., 1901, [ii], 63, 428): 


N 
C,H, CHyN< —> C,H, CH:NH+N 


Phenylazoimide under the influence of sodium ethoxide may be con. 
densed with numerous esters, yielding triazole derivatives (Dimroth, 


Ber., 1902, 35, 1929, 4041; Annalen, 1904, 335, 1): 


N 
CoH NY + CH,°CO-CH,-CO,°C,H, = 


N ome emcee 
’ ‘ 1." aa’ . 
C(CH,): ( CO,°C,H, 
Alkyl- and aryl-azoimides are transformed into diazoamino-con:- 
pounds by the action of organo-magnesium derivatives (Dimrot, 


Ber., 1903, 36, 909 ; 1905, 38, 670; 1906, 39, 3906): 


H,0+0,H,N< 


N 
X-NCN + Y*Mgl X*N(Mgl)-N°N-Y or X*N°N-N(MglI)°Y. 


Potassium cyanide converts phenylazoimide into benzeneazucyan 


amide (Wolff and Sins te Ber., 1904, 3'7, 2374): 
C,H,°} N<t +HCN =C,H."NIN-NH-CN. 


A trace of sodium ethoxide liberates two-thirds of the nitroge 
from —_— ketones (Forster and Fierz, Trans., 1905, 8'7, 826; this 
vol., pp. 72 and 669) : 


N 
enamine’ —> N,+X-CO-CHINH. 


As an explanation of the last-named change, it has been suggestel 
that, prior to elimination of nitrogen, the carbonyl group become 
saturated by the triazo-group, giving rise to an unstable cycloid whic! 
forthwith collapses. 

The foregoing considerations, coupled with certain points of tt 
semblance between diazomethane and the triazo-group, 


N N 
H-CH< and XN<N ‘ 
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led us to investigate the properties of allylazoimide, in which com- 


pound, 
N 
CH,:CH°CH, NCU ’ 


one might anticipate the display of some attraction on the part of the 
ethenoid linking for the highly active triazo-group; given a suitable 
environment, there should occur redistribution of affinities analogous 
to the interaction of ethylene and diazomethane, of which the outcome 
is pyrazoline (Azzarello, Atti R. Accad. Lincei, 1905, [v], 14, ii, 285) : 
CH, CH,-CH 

es 

On attempting to prepare allylazoimide from sodium azide and allyl 
chloride or iodide, interaction took place with moderate readiness, but 
it was noticed that, unless quickly removed, the triazo-derivative 
undergoes a profound change, in consequence of which we have never 
obtained yields exceeding 30 per cent. This is explained by the fact 
that allylazoimide, a liquid which boils at 76°5°, changes slowly, without 
external stimulus, into a crystalline, isomeric, diazoamino-compound, 
which melts at 192° and is very sensitive towards acids. Reflecting 
on the probable constitution of this compound, we were at first dis- 
posed to regard it as having a cycloid structure arising from allylazo- 
roti, F imide by the following rearrangement : 


N 
CH,:CH, +CH,<l = 


CH: CH: C H, 

NHN: N 

Such a ring would be called dibydrotriazine, and represents, so far as 
we have been able to ascertain, a new type of cycloid ; it is, in fact, a 
dihydrobenzene in which one-half of the molecule is replaced by the 
diazoamino(triazene)-group : 


N 
CH,:CH-CHy NCU 


CH, NH 
Ho’ Yon Hcy in 
HC! CH HC »N 
Fs 
CH, cn, 
A®:5.Dihydrobenzene. A-Dihydro-1 : 2 : 3-triazine. 


In drawing this conclfision, we have not overlooked the possibility 
f secondary transformation into the isomeric methyl-1 : 2 : 3-triazole, 


CH. CH: CH, CH: C: CH, CH:C-CH, 
NH-v:n 7”) ( NH<y—y o N<yNH ” 
uggested by the recognition of the substance originally called 
ihydrotetrazine as 1-amino-3:4-triazole (Biilow, Ber., 1906, 39, 
2618), 
CULN-CH ‘ H'N-NH, 
a ss Nz 
NE-NINIT <n=¢H 4 

412 
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and of N-dihydrotetrazinedicarboxylic acid (bisdiazoacetic acid) yf 


l-amino-3 : 4-triazole-2 : 5-dicarboxylic acid, 
CO,H-C =N-NH ae wid | ‘NH, 
NH-N:C-CO,H 7 
Our reason for preferring the hexacycloid cuctands is -_ 
Although the uncertainty hitherto prevailirg as regards the constity. 
tion of bisdiazoacetic derivatives has been removed by the practical 
agreement with Biilow’s views on the part of Curtius, Darapsky, anj 
Miiller (Ber., 1907, 40, 1470), all doubt as to the possibility of , 
tetrazine ring existing has been removed since the recent isolation ¢/ 
1:2:4:5-tetrazine by the authors mentioned (tbid., p. 84). In the 
second _ if the crystalline isomeride of allylazoimide wer 
4-methyl-1 :2:3-triazole, it might be expected to resemble the tr: 
azolone described by Curtius and Thompson (Ber., 1906, 39, 414/ 
as arising from diazoacetamide by the action of baryta: 


CH:C-CH, C(OH):CH CO-CH, 
ow... —t Nu<' ne ht o =NH<Y f° 
4-Methyl-1 :2:3-triazole. 5-Triazolone. 


Nevertheless, the two substances are distinguished sharply by their 


behaviour towards very dilute acids, which forthwith liberate two 
» had t 


thirds of the nitrogen from the compound under discussion, there 
recalling the most conspicuous property of the aliphatic diazoamine 
derivatives. 

It has been mentioned that the transformed allylazoimide melts x 
192°, a temperature which suggested a condition of polymerisation, 
and the elevation of boiling point in chloroform agrees with tle 
formula (C,H;N,),. ‘This observation might perhips invite cot- 
sideration of such complex expressions as 

C H,CH.CH-NH-N.N aiid N-CH(CH,): “Ce aa} 

T°RT ORT . a N 

N:-N:NH:‘CH:CH—CH, N——NH- C CH(CH,)-N’ 
or the possibility of polymerisation being due to change in valency 
on the part of nitrogen, developing the structure 

CH: CHY\y CH: CHy,,, 
CH. yn’ H: NH<y—— yo C Hy 

but it seems to us more probable that the case under consideration i 
allied to that of cyclopentadiene, which has been shown by Krimet 
and Spilker (Ber., 1896, 29, 552) to undergo polymerisation with 
great facility, a change which they represent as follows : 


HC-——CH HC,—-CH-CH—.CH 
HO. /CH -> HC. /CH-CH\ /CH 
CH, CH, CH, 
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Having in mind Thiele’s theory of partial valency, and its applica- 
tion to cyclopentadiene, the alternative : 


CH-CH—————CH-CH 
| >CH, CH,< | 
UH-CH CH-CH 


naturally suggests itself for the polymerised hydrocarbon, but the 
necessity of maintaining the diazoamino-structure in the transformed 
allylazoimide leads us to prefer the expression 


NH CH, 


for that substance. 
EXPERIMENTAL 


Allylazoimide, CH,:CH-CH,+N,. 


The interaction of sodium azide and allyl chloride or iodide was 
followed under various conditions in the hope of improving the 
unremunerative yields given by the earlier experiments, but we have 
had to content ourselves with interrupting the process at a point when 
the mixture of allylazoimide, its degradation products, and unchanged 
allyl haloid contains the maximum of triazo-hydrocarbon, which never 
exceeded 30 per cent. Allyl chloride is more profitable than the 
iodide, not only on account of initial cost, but also because the boiling 
point is below that of allylazoimide. 

Fifty grams of allyl chloride and 100 c.c. of alcohol were heated 
under reflux on the water-bath with 50 grams of sodium azide in 
150 cc. of water during two hours, when nitrogen began to escape in 
small quantities from the faintly yellow liquid, through which a rapid 
current of steam was then passed ; the distillate, diluted with much 
water, was extracted twice with ether, and the solvent, having been 
washed with dilute sulphuric acid to remove the basic products of 
transformation, was shaken several times with water and dried with 
calcium chloride, On fractionating with a long column of the rod-and- 
disk pattern, the temperature rose gradually to 76°, and the fraction 
passing over at 50—76° gave, when twice distilled, a material which 
boiled steadily at 76°5° under 760 mm. pressure. Using the foregoing 
(uantities, the yield amounted to 15 grams, but was greatly reduced 
by further distillation, each repetition diminishing the quantity of 
allylazoimide by about 15 per cent., owing to transformation into the 
‘somerile and its products of change. Although seemingly an 
individual and free from chlorine, the analysis, for which we are 
indebted to Mr, Richmond, gave results several per cent. too low, and 
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this must be attributed to loss of nitrogen in the form of hydrazoic 
acid : 

01544 gave 40°9 cc. N, at 20°5° and 751 mm., along with 0°0237| 

of ammonia. N=30'4 as gas, 15-4 as NH,; total, 45°8. 
C.H,N, requires N = 50°6 per cent. 

Allylazoimide is a mobile, refractive liquid, having specific gravity 
0-924 compared with water at 25°. The odour is ailylaceous, but i 
less powerful and much sweeter than that of allyl chloride, more 
closely resembling that of chloroform, whilst the vapour, when inhalei, 
produces the characteristic throbbing sensation at the base of the 
forehead. Concentrated sulphuric acid decomposes the azide wit) 
vigour, but potash does not liberate gas, although stannous chloride 
sets free nitrogen immediately ; the vapour of allylazoimide explode 
when heated, but the detonation is mild, 


aB-Dibromo-y-triazopropane, CH, BreCH Br°CH,"N,. 


On adding a solution of bromine in chloroform to a mixture ¢/ 
allylazoimide with the solvent, the calculated amount of halogen was 
decolorised without liberation of hydrogen bromide; after fiftee: 
minutes at zero, the liquid was washed with sodium carbonate ari 
distilled in steam, which separated the chloroform from the dibromide 
The Jatter was distilled twice under 5 mm. pressure, boiling stead! 
at 87 

03442 gave 29°55 c.c, N, at 18°7° and 754 mm., along with 0:0190/ 

of ammonia. N=9°05 as gas, 5°62 as NH, ; total 15°57. 
C,H,N,Br, requires N = 17°28 per cent. 

Mr. Richmond, to whom we owe the analysis, reported difficulty is 
measuring the gas, on account of the mercurous bromide producel 
and it is probable that a certain proportion of the nitrogen is lost = 


this way. 


The Diazoamino-compound, (C,H.N,),, from Allylazoimide. 


Although a freshly-distilled specimen of allylazoimide undergo 
no change with dilute acids, the substance acquires in the course of 
few hours the property of effervescing when mixed even with aceti 
acid. The change on which this alteration of character depends 
accelerated by warming the substance to about 50°, and after one " 
more days, according to circumstances, the liquid deposits larg 
lustrous, transparent crystals. Reerystallisation from benzene W# 
first attempted, one gram requiring about 400 ¢.e, of the boiling solvet! 
but loss of material occurred, and the crystals deposited on cooling 
although colourless, were found to retain «a basic odour ; purificativ! 
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was effected by dissolving one gram in 30 c.c. of boiling chloroform to 
which 60 c.c. of petroleum (b. p. 60—80°) were then added. Snow- 
white, odourless plates were thus obtained, melting sharply and 
decomposing at 192°: 

01846 gave 0°2955 CO, and 0°1045 H,O. C=43°65; H=6°33. 
01143 ,, 493 ec. N, at 16° and 767 mm. N=51°'42. 


7 C,H,N, requires C = 43°37 ; H=6-01 ; N =50°62 per cent. 


aid The analyses were somewhat complicated by the systematic 
e 


appearance of nitrous fumes, but Mr. Richmond has confirmed the 
nitrogen percentage by his method : 

00689 gave 201 c.c. N, at 15°7° and 746 mm., along with 0°01138 
wide of ammonia, N=33°76 as gas, 16°52 as NH, ; total, 50:28. 
odes The diazoamino-compound dissolves more readily in acetone and in 
chloroform than in benzene, but it is sparingly soluble in ethyl 
acetate and insoluble in petroleum, Estimation of molecular weight 
based on the boiling point of chloroform solutions gave 172 and 170, 
the formula (C,H,N,), requiring 166. Hot alcohol and boiling water 
decompose the substance slowly, although definite products could not 
be obtained ; the decomposition by dilute acids proceeds in a manner 
analogous to that in which the aliphatic diazoamino-compounds 
described by Dimroth are degraded, two-thirds of the nitrogen being 
set free : 


01176 gave 34:6 c.c. N, at 19° and 748 mm. when treated with 
5 per cent. hydrochloric acid, N = 33°85. 
C,H,N, requires 2/3N = 33°75 per cent. 


led, 
the 
With; 


Several attempts have been made to isolate from the bright red 
solution definite products of this change, but the small quantity of 
material at our disposal has prevented a conclusion from being 
reached. The liquid reduced cold Fehling’s solution and ammoniacal 
silver oxide immediately, the original compound being indifferent to 
these agents, but on evaporation the reducing properties disappeared, 
and the platinichloride prepared from the residue was found to be 
that of ammonium. As might be expected from these indications of 
its sensitive character, the product of decomposing the diazoamino- 
compound with acids did not form a stable salt with platinum tetra- 
chloride, the yellow precipitate from which quickly became dark brown. 
The power to combine with phenylearbimide, usually possessed by 
diazoamino-compounds of this class, is not displayed by the trans- 
formed allylazoimide, which was heated with the agent. during twenty- 
four hours. Furthermore, alcoholic ammoniacal silver oxide did not 
givean insoluble derivative. 
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(CXV.—Aromatic Arsonie and Arsinic Acids. 
By Frank Lee Pyman and WiiLi1amM CoLeBRook REYNOLDs. 


For some time past we have been engaged in the preparation of ary] 
derivatives of arsenic, and, as two recent publications (O. and R. Adler, 
Ber., 1908, 41, 931; Benda and Kahn, Ber., 1908, 41, 1672) show 
that there are other chemists covering somewhat the same ground, we 
have deemed it advisable to publish our results so far as they have 
proceeded. 

We had prepared 2-aminotolyl-5-arsonic acid and its acetyl derivative 
some months ago, and these substances together with sodium p-amino- 
phenylarsonate have been tested physiologically and _ clinically, 
Ehrlich had shown that the toxicity of sodium p-acetylaminophenyi- 
arsonate is considerably less than that of sodium p-aminophenylarsonate, 
and the same relationship has now been found between the corre 
sponding toluidine derivatives; sodium 2-aminotolyl-5-arsonate _ has 
about the same toxicity as sodium p-aminophenylarsonate, whilst that 
of sodium 2-acetylaminotolyl-5-arsonate is very considerably less 
These substances have been specially intended for use in trypano- 
somiasis (~leeping sickness), and experiments on their effect on difcerent 
strains of trypanosomes have shown that, whilst certain strains were 
destroyed by the treatment, others were more resistant. In the 
treatment of syphilis, however, these substances have proved especially 
efficacious, and the results obtained in this connexion are exceedingl; 
promising. Since O. and R, Adler and Benda and Kahn (loc. cit.) 
have already published the method of preparation and _ physical 
properties of these substances, we need only state that we contirm 
their results, and supplement them by recording the state of hydratio 
of the sodium salts, this latter being dmportant from the point of view 
of their use in medicine. 

In the preparation of p-aminophenylarsonic acid and 2-aminotoly! 
5-arsonic acid, we have obtained as by-products the corresponding 
bisaminoarylarsinic acids, which have been briefly alluded to 
Benda and Kahn (doc. cit.), but, as these have been in our hands for 
some time past, we give in this communication a full description 
of their preparation and properties. The constitution of these 
substances has been proved by replacing the arsenic acid residue b) 
iodine according to the method used by Ehrlich and Bertheim (Jer, 
1907, 40, 3292) for p-aminophenylarsonic acid. 

The arsinic acids are now being investigated clinically with a vieW 


to their possible use in trypanosomiasis and syphilis, but the results art 


as yet not sufliciently conclusive, 
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EXPERIMENTAL. 


2-Aminotolyl-5-arsonic acid is stated by Benda and Kahn (/oc. cit.) 
to melt at 195°; we have found the melting point 198—200°. The 
constitution of this acid was readily shown by boiling it with dilute 
sulphuric acid and potassium iodide, when a good yield of 5-iodo-o 
tuluidine melting at 80—85° was obtained. After recrystallisation, 
this iodo-compound melted at 85° and its acetyl derivative at 168°, and 
both substances melted at the same temperatures when mixed with the 
pure substances prepared from aceto-o-toluidide. 

Sodium 2-aminotolyl-5-arsonate is obtained in glistening, tabular 
crystals containing three and a-half molecular proportions of water 
of crystallisation by mixing a highly concentrated aqueous solution 
with three times its volume of alcohol. When crystallised from 
water, however, it separates with five molecules of water of crystal- 
' lisation : 
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has ® 04540 air-dried salt (from alcohol) lost 0:0890 H,O at 130°. 
that H,O = 19°6. 

less. C,H,O,NAsNa, 3}H,0 requires H,O= 19-9 per cent. 

pano- 04217 airdried salt (from water) lost 01129 H,O at 130°. 

erent H,O= 268 

were C,H,O,NAsNa,5H,0 requires H,O = 26:2 per cent. 

1 the 


Sodium 2-acetylaminotolyl-5-arsonate separates from 50 per cent. 
cially 


ayueous alcohol in glistening, tabular crystals, which contain five 
wolecules of water of crystallisation. It ecrystallises from water, 
however, with seven molecules of water of crystallisation : 

U4774 air-dried salt (from alcohol) lost 0°1102 H,O at 100°. 
H,0 = 23:1. 

C,H,,0,NAsNa,5H,O requires H,O = 23°4 per cent. 

00210 air-dried salt (from water) lost 0°1560 H,O at 100° 
stoly- H,O = 29°9, 
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Two hundred grams of air-dried o-toluidine arsenate and 400 grams 
. view HPo! o-toluidine were heated over a free flame with constant shaking 
{ts aly MB until the mixture became fluid, and then gently boiled under a reflux 
wnudenser for one hour, the heat being regulated so that a thermo- 
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meter immersed in the liquid registered 180—185°. The mixtyr 
was allowed to cool, and extracted with a 10 per cent. solution o 
sodium carbonate as long as effervescence occurred. The aqueous 
solution was then evaporated until crystallisation commenced, anj 
allowed to cool. The first crop of sodium 2-aminotoly]-5-arsonat, 
was then separated, well washed with alcohol, and set aside; the 
mother liquor and alcoholic washings were combined and evaporate( 
to a thick syrup, and this was mixed with several times its volume of 
alcohol. A second crop of sodium 2-aminotolyl-5-arsonate was thus 
precipitated, and this was also separated, washed with alcohol, ani 
set aside. The final mother liquors, together with the alcoholic 
washings, on evaporation to remove the alcohol and _ subsequent 
precipitation by hydrochloric acid gave 15 grams of a purple tar; 
this was dissolved in aqueous sodium hydroxide, evaporated to a 
small bulk, and allowed to cool, when a quantity of large, prismatic 
needles separated from the deep-red liquor. These were purified by 
several crystallisations from water, and proved to be sodium bis. 
aminotolyl-5-arsinate. The quantity of salt actually isolated in a 
pure state amounted to 6 grams, which represents 3 per cent. of the 
theoretical, but a considerable quantity, possibly as much agai, 
remained in the deep-red, syrupy mother liquors. 

Bis-2-aminotolyl-5-arsinic acid is obtained by adding the calculate! 
quantity of a mineral acid to the solution of its sodium salt. 
crystallisation from boiling water, it forms highly refracting, pointed, 
microscopic needles, which melt and decompose at 247—249°. It 
practically insoluble in cold water and the usual organic solvents, bit 
fairly easily soluble in glacial acetic acid. It is readily soluble i 
dilute alkalis or mineral acids : 


0°1724 gave 0°3332 CO, and 0:0840 H,O. C=52'7; H=5°. 
00726 ,, S5ece. N, at 21° and 763 mm. N=8°7. 
C,,H,,0,N,As requires C=52°5; H=5°4; N=8°7 per cent. 


The acid gave a good yield of 5-iodo-o-toluidine (m. p. 80—8* 
when boiled with dilute sulphuric acid and potassium iodide. Afte 
recrystallisation, this iodo-compound melted at 85° and _ its acety! 
derivative at 168°, and both substances melted at the same tel 
peratures when mixed with the pure substances prepared from aceto+ 
toluidide. 

The sodiwm salt, which separates from its aqueous solution iD 
large, hard, prismatic needles, melts in its water of crystallisation # 
74—75°, and on further heating loses water, re-solidifies, and doe 
not then melt at 250°. It dissolves in one and a-half times it 
weight of water at 16°, giving an alkaline solution, and is very easily 
soluble in alcohol. It contains seven and a-half molecular proportio™ 
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x tyre ofy water of crystallisation, of which five are lost at 100° and the 
mn of remainder at 130°: 
100u 0-3878 air-dried salt lost 0-0718 H,O at 100°. H,O=185. 
and 03878 »  » 9» 01098 H,O ,, 130% H,O=28°3. 


= C,,H,,0,N,AsNa,7)H,0 losing 51,0 requires H,O = 18°9 per cent. 
» the BC H,,O,N,AsNa,7$H,0 ,, 73H,0 , H,O=283 ___,, 
rated —_ 
me of Bis-2-acetylaminotolyl-5-arsinic Acid, 
thus O 
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Twenty grams of bis-2-aminotoly]-5-arsinic acid were mixed with 
60 grams of acetic anhydride and allowed to stand. After a few 
minutes, a violent reaction took place, resulting in a clear solution. 
The liquid was poured into 250 c.c. of water, and, on scratching, 
12 grams of white crystals separated. A second crop of 6 grams 
was obtained by evaporation of the mother liquor; the total yield, 
18 grams, represents 71 per cent. of the theoretical. 
Bis-2-acetylaminotolyl-5-arsinic acid crystallises from boiling water 
in highly refracting, microscopic prisms and melts at 242—244°. It 
is practically insoluble in cold water and the usual organic solvents, 
but fairly easily soiuble in glacial acetic acid. It is readily soluble 
in dilute alkalis, but is insoluble in dilute acids. The acid separates 
from aqueous solutions with two-thirds of a moleeular proportion of 
water of crystallisation : 

01656 air-dried salt gave 0°3148 CO, and 0:0772 H,O. C=51'8; 
H=5-2. 

04180 air-dried salt lost 0-0124 H,O at 150°. H,O=30. 

0°1898 dried at 150° gave 0°3698 CO, and 0:0908 H,O. C=53-1; 
H = 5-4. 

UH, O,N,As,§H,O requires C =51°9; H=5:-4; H,O=2°9 per cent. 
U,,H,,0,N,As requires C =53'4 ; H=5:'2 per cent. 
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The sodium salt erystallises from water in radial clusters of silky 
needles ; it melts in its water of crystallisation at 106—107, and on 
further heating resolidifies and does not then melt at 250°. It dis- 
solves in twice its weight of water at 16°, giving an alkaline solution, 
and is very easily soluble in alcohol. It contains six molecules of 
water of crystallisation : 

01945 air-dried salt lost 0-0393 H,O at 150°. H,O = 20-2. 
C,,H,,0,N,AsNa,6H,O requires HO = 20-2 per cent. 
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. 
Bis-p-aminophenylarsinic acid, 
O 
: a f Naw 
NH< S—As< NH, 
~My Ft ‘ a ? 
OH 


This acid results as a by-product in the preparation of p-ainino 


phenylarsonic acid by Bechamp’s method (Compt. rend., 1863, 56 
1173). It is most readily isolated in the following manner. 1) 


product obtained by heating aniline arsenate with excess of aniline 
at 180° is extracted with 10 per cent. sodium carbonate solution, 
the aqueous solution concentrated, and completely precipitated by 
hydrochloric acid. The precipitate is then digested with just sufficient 
aqueous sodium hydroxide to give a faintly alkaline solution an/ 


filtered from the undissolved matter, which consists of the crud 


arsinie acid. The latter is then converted into the barium sa!t, and 


this is crystallised several times from water, using animal charcoal 


until colourless. The pure barium salt is dissolved in water and 


mixed with the calculated quantity of hydrochloric acid, when tl 

arsinic acid is obtained as a dense, white precipitate of matted neelies 

The yield amounts to about 2—3 per cent. of the theoretical. 
Bis-p-aminophenylarsinic acid melts and decomposes at 248—249 


It is very sparingly soluble in water and the usual organic solvents, 
moderately so in glacial acetic acid, and readily so in dilute alkalis 


and acids: 


0°1358 gave 0°2440 CO, and 0:0534 H,O, C=49°0; H=4+4. 
C,,H,,0,N,As requires C = 49°3 ; H=4°5 per cent. 


The acid gave a good yield of p-iodoaniline (m. p. 62—63°) when 


boiled with sulphuric acid and potassium iodide. 
The sodium salt crystallises from water in large, monoclinic plates 


and melts in its water of crystallisation at 83°, after sintering frow 


75° onwards. On further heating, it loses water, resolidifies, and doe: 
= ’ J 


not then melt at 250°; itis soluble in an equal weight of water, 
giving an alkaline solution, and is very soluble in alcohol. It contains 
a slightly variable amount of water of crystallisation, the figure 
obtained on analysis lying between those required for five and s\ 


molecular proportions : 
0°3979 air-dried salt lost 00928 H,O at 120° H,O=23°3. 
2450 " »  » 0°0591 H,O ,, 120°. H,O=24°1. 
02492, , » 0°0616 H,O ,, 120° H,O=24-7. 
C,,H,,O,N,AsNa,5H,O requires H,O = 22°3 per cent. 
C,,H,,0,N,AsNa,6H,O a H,O = 25°6 ‘ 


: “Gree 
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The barium salt, which crystallises from water in large, hard 
peisms, contains seven and a-half molecular proportions of water of 
crystallisation ; it is soluble in twice its weight of cold water, giving 
an alkaline solution, and is sparingly soluble in alcohol : 


0:2562 air-dried salt lost 0°0404 H,O at 180°. H,O=15°8. 
(C,,H,,0,N, As), Ba,7$H,O requires H,O = 15-8 per cent. 
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Bis-p-acetylaminophenylarsinic Acid, 


0 
‘ =e f =. ° “f ‘ ‘ 
CH,-CO-NH CSAs SNH-CO-CH,,3H,0. 


This acid is obtained in an almost quantitative yield by the action 
of acetic anhydride on bis-p-aminophenylarsinic acid. It crystallises 
from water in rosettes of needles, and melts at 275°. It is very 


. and 
crude 


} 
’ ani a . *y* . . . 
readily so in boiling water, and moderately so in glacial acetic 


acid. It separates from aqueous solution with three molecules of 
_ water of crystallisation : 


rcoal, 
r and 
n the 
elles. (2532 air-dried salt lost 0°0312 H,O at 120°. H,O=12°3. 

01860 dried at 120° gave 0°3484 CO, and 0°0740 H,0. C=5)1; 
- 249. H=4°5, 

vents © ©,,H,,0,N,As,3H,O requires H,O =12°6 per cent. 

kalis C,,H,,0,N,As requires C=51:1; H=4-6 


The sodium salt, which separates from water in prismatic needles, 
melts at about 50° in its water of crystallisation, and on further 
heating loses water, resolidifies, and does not then melt at 250° It 
is soluble in an equal weight of cold water, giving an alkaline solution, 
and is readily soluble in alcohol. It contains nine molecules of water 
of crystallisation : 


) when 


plates, 

ree 03112 air-dried salt lost 0°0908 H,O at 140°. H,O = 29:2. 
1d does C,,H,s0,N,AsNa,9H,O requires H,O = 28°9 per cent. 
water, Tuk Wettcome CueMicaL Works, 

ontains DARTFORD, KENT. 
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sparingly soluble in the usual organic solvents or cold water, 
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( ‘XVI. — The Electrolytic Oxidation of Some Hydroxy. a 
benzoic Acids. & T 
By Arruur GeorGe Perkin and FrepertcK Motiwo Perky. g 


It has been previously shown that when gallic acid (Trans., 190), FF 
83, 199) is oxidised by means of potassium ferricyanide in presence of 
sodium acetate, a compound is formed which, judging from its analogy 


to purpurogallin, is probably purparogallincarboxylic acid. Unfor a 0 
tunately, the amount of product so obtained was far too meagre to ‘ 
admit of any extended investigation, but, as it was subsequently 
ascertained that purpurogallin itself can be very conveniently prepared a 
by the electrolytic oxidation of pyrogallol under certain circumstances vs 


(Trans., 1904, 85, 243), a study of the behaviour of gallic acid in this let 
respect was also instituted. As a.result, considerably larger yields of bej 
purpurogallincarboxylic acid were obtained, and by a further investign. 
tion of the process a still greater improvement in this respect has been 
effected. The main results of this work have been completed for som 
time, but their communication has been delayed in the hope that the 
constitution of purpurogallin itself would have been elucidated. An 
important point in this respect has been the fact that the firs: 
product of the oxidation is probably the compound C,H,O, (Trans, 
1906, 89, 803), which appears to be a hydroxy-o-benzoquinone and 
is obtained by the action of amyl nitrite on an alcoholic solution of 
pyrogallol, for this in boiling aqueous solution is partly converted into 
purpurogallin. A preliminary account of the further study of the 
colouring matter itself has been given (Proc., 1905, 21, 212), but the 
continuation of the investigation was postponed until other work of a 
more pressing character had been completed. The investigation has 
now been undertaken afresh, but, as some time may elapse before 
results of special interest accumulate, it seemed advisable to communi 
cate to the Society the points enumerated in the following pages. Ti 


cent. 
800 


Electrolytic Oxidation of Gallic Acid. : 
elect 


1. Electrolyte :—Sodium Sulphate. The 
gradu 
‘ure! 
and th 


The first experiments were made under practically similar com 
ditions to those which had given the most satisfactory results in the 
electrolytic oxidation of pyrogallol. The gallic acid was dissolved ia 
a 15 per cent. solution of sodium sulphate slightly acidified with Hovern: 
sulphuric acid, but, owing to its sparing solubility, only col nally 
paratively dilute solutions could be used. Twenty grams of gallic ithe ga 
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acid were dissolved in 1 litre of 15 per cent. sodium sulphate solution, 
and then 5 e.e. of 4NV-sulphurie acid were added. In order to obtain 
solution, it was found necessary to grind up the gallic acid into a thin 
cream with water, and to add this to the sodium sulphate solution. 
The mixture was then agitated by means of a glass stirrer until the 
_gallic acid had completely dissolved, the sulphuric acid was then added, 
and the solution electrolysed. As anodes two pieces of sheet platinum 
having each a surface of 750 sq. em. were used, the total anode surface 
being therefore 1°5 sq. dem. The cathode consisted of a lead paddle 
with a surface of 0-5 sq. dem., which during the electrolysis was 
rotated by means of a small electromotor. It should be mentioned 


. 

1903, 
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nalogy 
J nfor- 


ere here that preliminary experiments had shown that the best results 
uently were obtained when the anode and cathode compartment were not 
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mmuni 2. Electrolyte :—Sodium Acetate. 


separated. In order to prevent rise of temperature, the electrolysing 
vessel was placed in an outer vessel through which cold water was circu- 
Jated. A current of 4 amperes was passed for seven hours, the E.M.F. 
being 7 volts. When the action commenced, the solution became 
yellow, but this gradually darkened, and at the end of fifteen minutes 
an almost black liquid had been produced. 

After the electrolysis was finished, the mixture was allowed to stand 
overnight, when a fine black precipitate had settled to the bottom of 
the vessel. The precipitate was collected, repeatedly washed with cold 
water until the wash-water was colourless, and drained on a porous tile. 
The average yield of the product was 34 per cent. of the gallic acid em- 
ployed. This method of procedure gives the free acid. It was afterwards 
found, however, that better results were obtained when sodium acetate 
was employed, the sparingly soluble sodium salt of the acid being thus 
produced, Experiments were also tried with potassium, calcium, 
ammonium, and magnesium acetates, but the yields were in no case so 
good as when sodium acetate was employed, and the product was not 
so pure, 


S. 


Thirty grams of gallic acid were ground into a paste with a 15 per 
cent. solution of sodium acetate. The paste was then poured into 
800 cc. of the same solution, well stirred, and the clear liquid 
tlectrolysed with the same electrodes as those mentioned above. 
The solution became yellow on the passage of the current, but 
adually darkened, and finally assumed a brownish-black tint. The 
urent employed was 2°5>—3 amperes with an E.M.F. of 5—6 volts, 
nd the electrolysis was continued for about eight hours. After standing 
vernight, the precipitate was collected, washed with cold water, and 
ually with alcohol. The yield varied between 30 and 40 per cent. of 
he gallic acid taken. 
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The product of oxidation consisted of an orange-brown, crystalline 
powder, which, under the microscope, was seen to consist of thin plate 
or leaflets, and was evidently a sodium salt. An analysis of the sub 


stance, dried at 160°, indicated that it is an almost pure sodinn 7 


purpurogallincarboxylate. 

Found : Na=7°85, 

C,,H,O,Na requires Na = 8°04 per cent. 

A determination of the water of crystallisation found to be present 
in this preparation was made at 160° on a sample which had bea 
dried in the air for several days. The analysis showed it to contaiy 
4H,0: 

Found: H,O= 20-05. 

C,,H,0,Na,4H,O requires H,O = 20°11 per cent. 

In the anhydrous condition, this substance is hygroscopic, and, o 
standing overnight, regained one molecule of water : 

Found : H,O=5:00. 

Theory requires H,O = 5-92 per cent. 
Sodium purpurogallincarboxylate is sparingly soluble in boiling water, 


and from a concentrated solution is deposited on cooling in microscopic | 
needles, which contain no water of crystallisation. When digested | 
with a boiling aqueous solution of potassium acetate, the filtered liquid, | 
on cooling, deposits the potassium salt in prismatic needles, closely F_ 


resembling purpurogallin itself. An analysis of this compound, driei 
at 160°, gave: 

Found: K =12°95. 

C,,H,O,K requires K = 12°91 per cent. 

The air-dried substance, heated to 160°, loses three molecules ¢ 
water of crystallisation ; 

Found: H,O=15'16, 15°37. 

C,,H,0,K,3H,O requires H,O = 15°17 per cent. 

A boiling aqueous solution of potassium purpurogallincarboxylate 
on cautious treatment with barium chloride, deposits minute, 
orange-red, prismatic needles, which consist of the corresponding 
barium salt, almost insoluble in water. When dried at 160°, it gave: 

Found: Ba = 20°96. 

(C,,H,O,),Ba requires Ba = 20°66 per cent. 
When these salts are-decomposed with boiling dilute hydrochlori 


acid, purpurogallincarboxylic acid is obtained as a semi-gelatinow F~ 


precipitate, which, after drying, is but sparingly soluble in any of tle 
usual solvents. From nitrobenzene, it is deposited as small, orange 
coloured needJes, but, as a very large amount of the solvent would & 
necessary for the preparation of even a gram in this condition, § 
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stalling simpler method of purification was desirable. The ditticulty was over- 
1 plates come by employing the crude acid recentl y precipitated from its sodi um 
he sub salt in the moist condition, as this dissolved somewhat readily in boiling 
alcohol. On partly evaporating the solution, crystals separated on 
cooling, which were collected while the mixture was still warm and 
washed with dilute aleohol. A chemically pure product could thus be 
usually obtained in one such operation, but, if further purification was 
necessary, the product was again rendered soluble in alcohol by repre- 
cipitation and crystallised in a similar manner : 


sodium 


present 
ud been 
contain Found : C= 54°37 ; H=3:24. 

C,,H,O, requires C= 54°54 ; H=3-03 per cent. 


Purpurogallincarboxylie acid usually crystallises in minute, orange- 
yellow leaflets, which are devoid of water of crystallisation, does not 
melt below 300°, and on strong heating yields a trace of a crystalline 
sublimate, apparently consisting of the unchanged acid. Occasionally 
the acid is deposited from dilute alcohol in needles, and it is possible 
that in this variety, although but rarely obtained, water of crystallisa- 
g water, tion is present. As previously stated, this compound (Trans., 1903, 
POscopi 83, 200) gives with alkaline solutions the characteristic colour reactions 
digested of purpurogallin itself, and, moreover, possesses strong mordant dyeing 
d liquid properties, which closely resemble those given by the same colouring 
, closely matter. Further attempts to prepare the acetyl derivative in a pure 
1d, driel condition have been unsuccessful, the product hitherto obtained being, 
curiously enough, too soluble to admit of crystallisation. 
It is readily attacked by bromine in the presence of acetic acid or 
alcohol, but no sparingly soluble derivative of the nature of dibromo- 
purpurogailin is thus formed. Up to the present a definite product of 
the reaction has not been isolated, but, as apparently in this manner both 
substitution and decomposition simultaneously occur, the reaction will 
be studied with a larger quantity of material, when this is available. 
Methyl Purpurogallincarboxylate Tetramethyl Ether, 
roxy late C,,H,0(OMe),*CO,Me. 

minut | _—Purpurogallincarboxylic acid, or the crude sodium salt, electro- 
sponding lytically prepared and suspended in methyl alcohol, was treated with 
it gave: eyuivalent quantities of methyl sulphate and concentrated potassium 
hydroxide solution until a final addition of the latter did not produce 
a change of coloration. The methylation did not proceed readily, a 
rochlorit | Ye'y Jarge excess of the reagents being necessary for its completion, 
slatings reminding one of the behaviour of alizarin in similar circum- 
stances. The product was poured into ether, the ethereal liquid well 
Washed with dilute alkali, evaporated, and the residue purified by 
crystallisation from aleohol. The yield was approximately 25 per 
cent. ; 


VOL. XCIII. 4 Kk 


- 
i, 
ha 
: 
Fe 
' 

7: 

: 


Lt 
per ts 
Ayr 


1190 PERKIN AND PERKIN: THE ELECTROLYTIC 


Found : C=61°08 ; H=5°70; CH,= 21°91. 
C,,H,,0, requires C= 61:07 ; H =5°39 ; CH, = 22°45 per cent. ss 

It consists of very pale yellow, almost colourless needles, melting 
at 120—121°, sparingly soluble in alcohol, and resembling purpur. 


yee 


gallin tetramethy! ether. 

To determine if this compound was an ester, it was digested with & 
boiling dilute alcoholic potash for a few minutes. Addition of wate £ 
did not cause the separation of a precipitate, and the clear liguii & 
was neutralised with acid. On cooling, fine needles separated, whic) 
were collected and recrystallised from dilute alcohol : | 

Found: ©=59-93 ; H=5-12 ; CH, = 18-40. 4 

C,,H,O; requires C= 60°00 ; H=5:00; CH,=18°75 per cent. FP | 

Purpurogallincarboxylic acid tetramethyl ether, C,,HW,0(0Me),°CO,H F 
consists of small, faintly-yellow needles, melting at 182—18’, . c 
readily soluble in alcohol, and more sparingly so in benzene, frou & | 


which it crystallises in minute needles, a 
‘es. 

% e 

7 

Purpurogallonecarborylic Acid, C,,H,0,*CO,H. ze ’ 


It was previously shown by Perkin and Steven (/oc. cit.) that wha : au 
purpurogallin is digested with boiling 50 per cent. aqueous potassiuf — ™ 
hydroxide, it is converted into two isomeric compounds having tl a tr 
same formula as purpurogallin itself, and it was therefore interestixf| — to 
to determine if a similar change occurs when purpurogallincarboxyli ; TT 
acid is so treated. A solution of 3 grams of the acid in 30 cf Jin 
of the potassium hydroxide solution was boiled in an open flask wif) (/ 
a test portion on dilution with water did not develop a green tix , 
The product, when cautiously treated with dilute sulphuric acé | 
deposited an orange-coloured, sandy precipitate, which on examin 
tion under the microscope was seen to consist of fine needles, They ™ 
were collected, dissolved in boiling aleohol, the solution poured inw 
ether, and, after removal of insoluble matter, the ethereal liquid 
well washed with water and evaporated. The concentrated alcoboli 
solution of the residue at first deposited a trace of unattacktl 
purpurogallincarboxylic acid, which was removed, and the additit lie 
of a little boiling water to the filtrate now caused the separatit ' 
of bright yellow needles. These were further purified by erystallis 
tion from dilute alcohol : 

Found : C=54°81 ; H = 3°27. 


C,,H,O, requires C = 54°54; H=3-05 per cent. 


le 


As thus prepared, the substance appeared to be homogeneous, ® 
no two distinct forms could be separated, as was previously found! 


hie] 
be the case with the product obtained from purpurogallin itself. Ly 


th 
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the recently precipitated moist condition, purpurogallonecarborylic acid 
nit. is somewhat readily soluble in boiling alcohol, and on evaporating the 
melting solution it separates in the crystalline condition. When fractionally 
U'pure- treated in this manner, the first deposit contained but a trace (2°48 
per cent.) of water of crystallisation, whereas in the second, approxi- 
al with mately two molecules of water of crystallisation were present : 

f water Found: H,O = 11-27, 11°15, 11°88. 

P Tiquil C,,H,O,,2H,0 requires H,0 = 12-0 per cent, 

, whic Whereas the anhydrous variety is sparingly soluble in hot alcohol 
the hydrated form readily passes into solution, but, if the latter when 
concentrated is digested at the boiling point, the solution quickly 
ent. becomes semi-solid, owing to the separation of the anhydrous 
COP substance. Under the microscope both varieties were seen to consist 
:—18 fof prismatic needles, and no special difference could be observed 
ie, from fF) between them. Purpurogallonecarboxylic acid does not melt below 
300°, and is soluble in alkalis with a yellow colour, which, on 
exposure to air, becomes deep crimson-red. If air is passed through 
the alkaline liquid until the latter tint is fully developed, the solution 
acidified, extracted with ether, and the extract evaporated, an 
at whe amorphous residue is obtained, which on drying intumesces in the 
stassiu P| | manner characteristic of the tannins. Purpurogallincarboxylic acid, 
ving the treated in a similar manner, gives an analogous product, but attempts 
teresting § | to prepare these compounds in a pure condition have been hitherto 
rboxyliff unsuccessful. Purpurogallonecarboxylie acid dyes mordanted wool 
, 30 ccf sin shades almost identical with those given by the purpurogallones 
ask until e(/0c. cit.) : 


Chromium. Aluminium, Tin. Iron. 
Chocolate-brown Pale chocolate-brown Pale yellow Chocolate-brown 


With aicoholic lead acetate, it gives a yellow precipitate, and with 
leoholic ferric chloride a deep brownish-black coloration. 

Action of Acetic Anhydride.—The acid (1 gram) is but slowly 
ttacked by boiling acetic anhydride (10 ¢.c.), but on addition of 
ix drops of pyridine a clear liquid is almost instantaneously 
roduced, and the reaction is complete after a few minutes’ 
igestion,* On pouring into water, an oily product separated, which 


* It was noted in previous work with ellagic and flavellagic acids (Joc. cit.) that, 
lereas these compounds are but slowly attacked by acetic anhydride when in the 
'y condition, if pyridine of crystallisation was present the production of their 
cetyl derivatives was much more rapid, Experiments carried out with numerous 
ther substances indicated that pyridine employed in the above manner greatly 
cilitates the acetylation process, and in every case was preferable to the employ- 
‘nt of sodium acetate. With compounds of the nature of alizarin or quercetin, 
hich yield sparingly soluble acetyl derivatives, and employing the usual quantity 
the reagents, only six or ten drops of pyridine for one gram of the phenol are 
4K 2 
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rapidly became crystalline, and this was collected and, in the earlie 
experiments, purified by crystallisation from alcohol, in which it js 
sparingly soluble. Curiously enough, however, much loss occu 
during the latter treatment, a yield of only 15 per cent. being thus 
obtained, but this loss was subsequently avoided by crystallisation 
from a mixture of benzene and nitrobenzene : 

Found : C=58:10; H=3°24. 

C,,H,O,(C,H,0), requires C=58'18 ; H=3-03 per cent. 

During the acetylation therefore of purpurogallonecarboxylic acid, 
a molecule of water is simultaneously removed, which was also (/ov. cit 
shown to be the case when purpurogallones themselves were similarly 
treated. An estimation of the acetyl groups was carried out by tle 
ethyl acetate method (Trans., 1905, 87, 107) : 

Found ; C,H,O, = 37°81. 

Theory requires C,H,O, = 38:21 per cent. 

During the hydrolysis, the acetyl compound unites with a molecu: 
of water and is reconverted into purpurogallonecarboxylic acii 
which is readily isolated by cautious addition of boiling wate 
‘to the residual alcoholic liquid. Acetylanhydropurpurogallow 
carboxylic acid forms colourless needles, melting at 236—238° with 
effervescence. 

It has previously been shown (loc, cit.) that when isopurpue 
gallone is dissolved in sulphuric acid, the anhydro-compouni, 


C,,H,O,, is formed, and can be isolated by means of acetic acl f 


Experiments with the acid in a similar manner gave, however, : 
yellow product, which consisted of the unaltered compound, as analysi 
showed : 

Found : C=54°56 ; H =3°52 per cent. 

Although judging by the results of the acetylation there is ever 
reason to suppose that the acid C,,H,0,-CO,H is formed by t# 
action of the sulphuric acid, it is evidently of a less stable natut 
than the corresponding isopurpurogallone derivative, C,,H,0, s! 
readily regenerates the purpurogallonecarboxylic acid during 
process employed for its isolation. Such a change evidently tal# 
place, although less readily, when the acetyl derivative is dissolve 
in alcohol, but this can be avoided, as shown above, by the#& 
ployment of a solvent in which the absence of water can ™ 
ensured, 
necessary. The pyridine is added to the boiling mixture, and the reaction is 
pleted by digestion for a few minutes. On treating the product with alcohol, # 
acetyl compound separates in a crystalline condition, and is frequently thus isolitt 
in a state of chemical purity. In cases where the acetyl] compound is of a more 800" 
uature, precipitation with water and procedure in the usual manner is adopted. 
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Methyl purpurogallonecarboxylate tetramethyl ether, 
C,,H,0(0Me),*CO,Me, 
can be obtained in an identical manner to that employed for the pre- 
paration of the corresponding ether of methyl purpurogallincarboxylate, 
In this case, also, very large quantities of methyl sulphate and alkali 
are necessary, and the yield is poor. After removal of products 
soluble in alkali, the residue consisted principally of the anticipated 
compound, but a trace of a second methyl ether, too small in quantity 
> acid, for characterisation, was also present. By extraction with light 
, cit, petroleum, the latter remained undissolved, and, on concentrating the 
silarly extract and cooling, colourless prisms separated, which melted at 
by the 110—111°: 
Found: C=61°27; H=5°55 ; CH, =21°69. 
C,,H,,0, requires C=61°08 ; H=5°39 ; CH, = 22°45 per cent. 
It was noted that the hydriodic acid liquid from the Zeisel deter- 
olecel mination contained crystals of purpurogallonecarboxylie acid. 
e acid, Purpurogallonecarboxylic acid tetramethyl ether, C,,H,O(OMe),°CO,H, 
wate is produced, as might be anticipated, by a short digestion of the ester 
yallone compound with alcoholic potash. On addition of water, the liquid 
3° with remained clear, and when this was neutralised with acid an oil 
separated which rapidly became solid. It was purified by erystal- 
urpure lisation from benzene, from which it is deposited as small, colourless 
»pounl needles : . 
ic acid, Found: C=60°13; H=5°15. 
‘ever, | C,,H,,0, requires C = 60°00 ; H=5-00 per cent. 
analysi From alcohol, in which it is readily soluble, it crystallises in 
colourless prisms. It melts at 166—167°, and on treatment with 
hydriodie acid is converted into purpurogallonecarboxylie acid. By 
prolonged digestion with boiling alcoholic potash, this tetramethyl 
ether is not further attacked, and it thus appears evident that only 
one carboxyl group is present in this compound. The suggestion 
which was made in the earlier paper (Joc. cit.) that the formation of 
the purpurogallones from purpurogallin was probably due in part to 
the oxidation of an alcoholic to a carboxylic group, cannot thus be 
considered feasible. 
A study of the oxidation products of purpurogallin tetramethyl 
ether and of the corresponding derivative of purpurogallinearboxylic 
acid will be shortly undertaken, as it is hoped that the constitution 
of these interesting compounds will thus be «lacidated. 


lel 
iore solu 


lopted. 


ed meen ape: neve orewas 


1194 PERKIN AND PERKIN: THE ELECTROLYTIC 


The Electrolytic Oxidation of Gallic and Protocatechuic Acids 
in the Presence of Sulphuric Acid. 


It has been previously shown (Trans., 1905, 87, 1412; 1906, 89 
251) that when gallic acid is oxidised with potassium persulphate jy 
the presence of sulphuric acid, it is converted into ellagic acid anj 
flavellagic acid (hydroxyellagic acid), On the other hand, when 60 per 
cent. sulphuric acid is employed, flavellagic acid is alone producej, 
and, again, if a mixture of acetic and sulphuric acids forms the solver:, 
ellagic acid alone is obtained. With the simpler hydroxybenzoic acids 
similarly constituted compounds, but containing fewer hydroxy] group, 
are produced, whereas the highest member of the series, dihydroxy. 
ellagic acid, is formed by heating ellagic acid with sulphuric acid tor F | 
high temperature. It appeared interesting to study the electrolytir i 


oxidation of these acids in case any new points of interest might ky : 
revealed, although it seemed probable from a somewhat early pate 7) 
dealing with this subject, which, however, we did not see until th Pa 
work was nearly completed (Badische Anilin- und Soda-Fabrik, D.R.-P * ¢ 
85390), that the reaction was likely to follow the same lines as wha . t 
persulphate was employed. yk 
ig 
Gallic Acid. ae 
The solution employed in these experiments was prepared by firs) 
stirring finely-powdered gallic acid (20 grams) with sulphuric adi) “ 
until a thin cream was produced, and subsequently diluting with th) pl 
acid until the volume of the mixture was about 90 ¢.c. From 10% q 
15 c.c. of water were added, and the whole was then warmed uutilify 
clear liquid was obtained. Preliminary experiments carried ot 7 of 
without a separation of the anode and cathode compartments gave . 
indifferent yield of the oxidation product, and the effect was 10h , 
studied of separating the anode and cathode by means of a porous cel * 
A small beaker was therefore employed for the anode solution, and ti 
cathode solution was contained in a porous cell, which was placed in th “ 
centre of the beaker, rise of temperature being avoided by standing th rs 
arrangement in a basin through which cold water was circulated. 4 
the results, however, were still disappointing, the sheet anode wi si 
removed, and one consisting of coiled platinum wire having a to ‘ 


active surface of 5 sq. cm. was substituted, and by this means a vé 
much better yield of the oxidation product was obtained. In the is 
experiments, the anode current density was 4 amperes per sq. dem. # 
K.M.F. being 455—5:3 volts, whereas in the latter it was 40 amperes * 
sq. dem. and the E.M.F. 6—7 volts. Care was taken not to allow 
temperature to rise above 20°. As the best results were obtained W# 
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a high current density, and, as with the concentration of the sulphuric 
acid used this would represent favourable conditions for the formation 
of persulphuric acid, it is probable that the oxidation is not directly 
electrolytic, but is due to the action of the persulphuric acid first 
produced. 
According to the equation 
2C,H,0, = C,,H,0, + 3H,0, 


20 grams of gallic acid would require the passage of six ampere- 
hours, but it was found more advantageous to pass the current for 
eight ampere-hours. The product was heated to 50° for one hour, 


. poured into a large excess of water, and the precipitate collected and 


well washed. The average yield was 20 per cent., but occasionally as 
much as 30 per cent. of the substance was obtained. 

Subsequently, a third method was employed, which gave a still better 
result. In this case the anode consisted of a platinum U-tube with a 
diameter of 0°33 em. and having a total active surface of 9 sq. cm., 
and this was placed in the porous cell which now constituted the anode 
compartment. During the electrolysis, water was passed through the 
tube, so that, not only the solution, but the electrode itself was thus 
kept cold. The cithode consisted of a platinum wire which surrounded 
the anode cell, and with a current of 2 amperes the E.M.F. varied 
hetween 7 and 8 volts, the current density being therefore 0:22 ampere 
persq. cm. By this method, it was possible to obtain a yield of 40 per 
cent. of the oxidation product, although owing to the small size of the 
platinum tube employed it was not possible to work with large 
quantities of material. 

The product of the reaction consisted of a greenish-yellow powder 
of an apparently pure character, very sparingly soluble in the usual 
solvents, and readily soluble in alkalis with a well-marked green tint. 
It was evidently not identical with the compound described in the 
patent of the Badische Anilin- und Soda-Fabrik (/oc. cit.), as prepared 
by the oxidation of gallic acid in the presence of sulphuric acid, for the 
latter has the property of giving a blue coloration with sodium 
carbonate solution. 

For purification, crystallisation from pyridine was resorted to, a 
very large quantity of the solvent being necessary. The solution, on 
cooling, deposited a voluminous mass of small, yellow needles contain- 
ing pyridiue of crystallisation. These were collected, washed with 
pyridine, and finally with alcohol, by which latter treatment the crystals 
shrank to a very small bulk. ‘The product was dried at 160° : 


Found : C=52°80 ; H=2:12. 
U,,H,O, requires C = 52°83 ; H = 1°89 per cent. 
It did not melt below 360°, gave with nitric acid the Griesmayer 
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reaction, and evidently consisted of flavellagic acid. To prepare the 
acetyl derivative, the finely-powdered substance suspended in much 
boiling acetic anhydride was treated with a few drops of sulphuric 
acid, and the mixture digested at the boiling point for fifteen minute: 
The clear liquid, on boiling, became semi-solid, owing to the separation 
of long, hair-like, colourless needles, which were collected ani 
recrystallised from acetic anhydride : 

Found : C=54:59; H=3°51. 

C,,HO,(C,H,O), requires C= 54:54 ; N=3:03 per cent. 

It melted at 317—319°, and consisted without doubt of acetyl. 
flavellagic acid. 

It is consequently evident that when a solution of gallic acid in 
60 per cent. sulphuric acid is oxidised either electrolytically or by 
means of persulphates, the same compound, namely, flavellagic acid, is 
produced. 

Protocatechuic Acid. 


The method of procedure in this case was similar to that employe 
for the oxidation of gallic acid. The protocatechuic acid was dissolvel 
in concentrated sulphuric acid, and the solution then diluted by th 
addition of a small quantity of water. The anode was a spiral of 
platinum wire having a surface of 5 sq. cm., and a current density of?) 
amperes per sq. dem. was employed. When the electrolysis was com: 
plete, the product was heated to 50° for an hour, poured into water, 
and the precipitate collected and washed; the yield, however, wa 
poor, and in no case was more than 10 per cent. of the oxidation 
product obtained, 

The substance, which consisted of a pale brown, crystalline powder, 
was evidently of a much purer character than that usually obtained by 
means of persulphates. On account of its sparing solubility, it wa 
acetylated with a large volume of acetic anhydride to which a smal 
quantity of sulphuric acid had been added. The product was purifiel 
by recrystallisation from acetic anhydride ; 

Found: C= 60°82; H=3°18. 

C,,H,0,(C,H,O), requires C= 61-01 ; H= 2°82 per cent. 

It consisted of colourless, prismatic needles melting at 322-32, 
and was identified as acetyleatellagic acid. The catellagic acid producei 
by the hydrolysis of this compound was characterised by the readines 
with which it sublimed at high temperatures, and differed in 0° 
respect from the compound obtained by the agency of persulphates. 

A study of electrolytic oxidation of p- and m-hydroxybenzoic aciti 
gave somewhat disappointing results, and it soon became evident ths 
the employment of persulphate for the oxidation of these acids in this 
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@ the respect was much more advantageous. The subject has consequently 

much been put on one side, but it is hoped that by employing the -water- 

huric cooled anode, as in the experiments with gallic acid, a more satis- 

utes, factory result may be obtained, 

—_ Tus CLloruworkers’ Reskarcu Lanoratony, Boroven Potyrecuntc Institue, 
and Tue University, LEEDs. Lonpon, 8S. E. 


OXVIL.—The Thermal Decomposition of Hydrocarbons. 
Part I*  [Methane, Ethane, Ethylene, and 
Acetylene. | 

By Wittiam Artuur Bone and Hupert Frank Cowarp. 


Mvcu has been written concerning the action of heat on hydrocarbons, 
loved and the separation of carbon in flames, since Dalton and William 
solvel JF Henry conjointly studied the decomposition of methane and ethylene 
yy the JF when subjected to the continued action of electric sparks (Dalton’s 
ral of Hh “New System,” vol. I, pp. 440, 447; Phil. Trans., 1809, 99, 446). 
‘of2) J) Owing, however, to the complexity of the phenomena, and the difficulty 
$ COM: in realising conditions under which crucial evidence can be obtained, 
water, # we are still far from understanding the precise modes of decomposition 
Was of even the simplest hydrocarbons, whilst the final elucidation of the 
dation question as it affects the higher members of the various series will 
probably tax our experimental resources to the utmost for many years 
owder, I to come. 

aed by That the ultimate resolution of a hydrocarbon into its elements at 
t was HF high temperatures cannot be regarded in general as the immediate 
smal J result of a single chemical change was proved by Marchand in 1839 
urifiel (J. pr. Chem., 36, 478), when he obtained large quantities of methane 
during the decomposition of ethylene at a bright red heat. This led 
him to represent the initial stage of the transaction as involving the 
simultaneous liberation of carbon and methane as follows : 
C,H,=C+CH,. 

This view derived some support from the later observation of Buff 
and Hofmann (Annalen, 1860, 113, 129), that when a platinum wire 
is electrically heated to dull redness in ethylene, the gas is decomposed, 
yielding carbon and much methane without any appreciable change in 
volume. But the cogency of this otherwise important piece of evidence 


* . . . . . . . . 
A preliminary notice of this investigation appeared under the names of Bone 
and Jerdan in the Proceedings, 1901, 17, 164. 
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is weakened, as V. B. Lewes has justly remarked, by the fact thy 
denser hydrocarbons, both solid and liquid, are undoubtedly forme; 
from ethylene at incipient red heat. 

During the years 1863—1869, Berthelot made a comprehensiy 
study of the behaviour of hydrocarbons at high temperatures (Any 
Chim. Phys., 1863, [iii], 67, 53 ; 1866, [iv], 9, 413, 455 ; 1867, [iv] 
12, 5, 122; 1869, [iv], 16, 143, 148, 153, 162). He contended tha: 
a hydrocarbon is never directly resolved into its elements, but th 
primary change always involves either a polymerisation (for example 
acetylene to benzene), or a coalition of two or more molecules to form 
a denser hydrocarbon with elimination of hydrogen. These dens: 
molecules in turn undergo a series of similar changes until carb 
finally appears as the result of the decomposition of an extreme 
complex molecular aggregation. In elaborating this idea he con 
vinced himself that the successive changes involved in the decompos. 
tion of any particular hydrocarbon are usually either all individually 
reversible or may be so grouped as to comprise a series of reversil: 
cycles, and that therefore at any given temperature there wouli 
finally be established a complex state of equilibrium between hydrogen, 
methane, ethane, ethylene, acetylene, benzene, styrolene, dipheny| 
anthracene, naphthalene... aud carbon.* In no case, howeve, 
was the attainment of such a state of equilibrium ever proved b/ ay 
quantitative measurements ; it was considered sufficient to obtai 
qualitative evidence of the reversibility of the principal individu 
reactions and to deduce the general theory by the application of fir 
principles. 


With regard to the four hydrocarbons dealt with in the presuff 


paper, Berthelot maintained that methane is primarily decompos 
either into acetylene and hydrogen, or possibly into ethane avi 
hydrogen, in accordance with one or other of the following equation: 


(a) 2CH,=C,H,+3H, (6) 2CH,=C,H, + H,. 


* Berthelot’s views are summarised in the following passage from oue of li 
memoirs (Ann. Chim. Phys., 1866, [iv], 9, 471). ‘*.... que la décompositit 
immédiate d'un carbure d’hydrogéne ne répond pas a sa résolution en ¢élemens 


mais & sa transformation en polyméres, ou en carbures plus condensés avec pet 
@hydrogéne. Cette transformation ne s’effecte point d’ailleurs & une températir 


absolument fixe et comparable & celle d’ébullition d’un liquide ; mais elle sop} 


pendant un vaste intervalle de température compris entre le rouge sombre ¢t! 
rouge blanc: durant cet intervalle le carbure est décomposé en proportion d’autat 
plus forte et avec une vitesse d’autant plus grande que la température est plo 
élevée.... Entre chaque genre de réaction et la réaction réciproque il s'établi 
fréquemment une sort d’équilibre mobile, variable avec la température et les corps 
se trouvent en présence, équilibre analogue & celui qui se produit lors la dissociatiat 
des composés binaires,” 


_—— 
wy 
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ct that Ethane, he considered, yields either ethylene and hydrogen, or 
formed acetylene, methane, and hydrogen, as follows : 

(c) C,H; = C,H, + H, (¢) 20,0, = 2CH, + C,H, + H,, 


hensive 
> (Ann, 
‘ " (e) C,H, =C,H, + H, (f) 20,H,=C,H, + C,H). 

rut. the He regarded acetylene as “le produit ultime des décompositions 
cample, pyrogenées .... gén¢érateur fondamental des carbures pyrogenées.” 
0 form It exhibits in a high degree the power of polymerising, or of con- 
dense f  densing with either hydrogen or aromatic hydrocarbons at high 
carbo | temperatures, but it is never directly resolved into its elements. 

tremely But plausible and attractive as Berthelot’s theory may appear, 
he cof evidence of its insufficiency was soon forthcoming. In 1873 
OM pos T. E. Thorpe and J. Young, as the result of an investigation on the 
ridually [| ~ combined action of heat and pressure on the paraffins (Proc. Roy. Soc., 
versitk F 21, 184), concluded that the primary decomposition gives rise to an 
» woul olefine and a lower paraffin without loss of hydrogen somewhat as 
roges, follows : 


phenyl CH,°CH,°CH,°CH, = CH,°CH, + CH,:CH,,. 

——" Moreover, in 1886, H. E. Armstrong and A. K. Miller (Trans., 49, 
b “— 74) drew attention to the almost complete absence of acetylene 
— and its homologues from the products of the manufacture of oil gas 
divided from petroleum, which were found to consist largely of ethylenic 
of fs BE and benzenoid hydrocarbons, and suggested that the latter may be 


whilst ethylene yields either acetylene and hydrogen, or acetylene and 
ethane, 


preset! 
ym posed 
ne abl 


benzene from hexane) without the intervention of acetylene. 
The work of V. B. Lewes, chiefly on ethylene, forms one of the 
: most notable recent contributions to our knowledge of the subject 
rations FT (Proc. Roy. Soc., 1894, 55, 90; 1895, 57, 394). He concluded that 
ethylene is primarily resolved into equal volumes of acetylene and 
i wethane as the result of the following termolecular change : 
ne of bi 
mpositia (g) 3C,H,=2C,H,+2CH,, 
and that the acetylene subsequently either polymerises or is resolved 
into its elements, according to the temperature. With regard to 
methane, he agreed with Berthelot that it is initially transformed 
into acetylene and hydrogen in accordance with the equation (a). 
In 1896 Haber (Ber., 29, 2691) published a paper on the 
t ES decomposition of the higher paraflius, in which he vigorously assailed 
1 st Berthelot’s views. In the case of n-hexane, he conclusively proved 
s corps ie ee 
ssocislil that at temperatures between 600° and 800° the primary decomposition 
iuvolves the elimination of methane and the simultaneous form- 


derived directly from the corresponding paraffins (for example, 


i 
4 
; 
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ation of one of the next lower olefines, C;H,,, in accordance with thy # eX 
equation i |" 
CH,-CH,°CH,-CH,°CH,°CH, = CH,*CH,°CH,-CH-CH, + CH,, 
a change which he regarded as typical of all the higher paraffins. [; (7 
the aromatic series, on the contrary, he recognised a marked disposition, J 
to form more complex molecules with the elimination of hydrogen, fi & 
example, diphenyl from benzene : : 
2C,H, = C,H, + H,. 4 
Haber’s views as to the behaviour of acetylene at high temperatura Fa 
show how completely he accepted the prevailing notion of its inhera: fof 
superior stability over that of all other hydrocarbons. He believd B pe 
that, whilst at 600° it polymerises rapidly and at 800° yields lar: B pr 
quantities of hydrogen, it is, nevertheless, at higher temperatus >) 
“in starker Verdiinnung jedem anderen Kohlenwasserstoff » — © p! 


Bestiindigkeit iiberlegen.” He severely criticised Lewes’ work, hor be 
ever, and rejected the acetylene theory of the luminosity of hydv. _ yi 
carbon flames. oe th 
In spite of the counterbalancing weight of evidence derived fro & m 
the behaviour of the higher paraffins, there has undoubtedly beens ® 
tendency during recent years to overestimate the importance ¢ ¥ ch 


acetylene as a factor in the breaking down of hydrocarbons at hig} of 
temperatures, as shown in Lewes’ attempt to identify the primay 

formation and subsequent decomposition of acetylene as the sole caf bt 
of the luminosity of hydrocarbon flames, a doctrine which baj7 
unfortunately, crept into many reputable text-books. But the expe: f= di 
mental evidence on which such views have been based seems to & 
wholly insufficient and lacking in cogency. The detection of quit) 
insignificant quantities of acetylene among the decomposition produ)" 's 
in a particular experiment has far too often been put forward af 
satisfactory proof of its primary and predominant formation, whit) *¢ 
the presence of twenty times as much methane has been eithe) 9 7 
altogether ignored or passed over as relatively unimportant. Moreover oy be 


Bs) ee 


+ = 
fon 


whereas the influence of temperature on the nature and sequence ¢ a te 
the changes involved has received considerable attention, the equal) 

important factor of time has been largely disregarded. We venti > bi 
to think that the facts brought to light during the present, investi 9Y bt 
tion will go far. to determine the relative importance of methane al) * 


acetylene as high temperature decomposition products. 

Several years ago, one of us, in conjunction with Dr. D. 8. Jeri BF 
proved that methane is the only hydrocarbon formed synthetically fr ,, 
its elements at temperatures between 1000° and 1200° (Trans., 189i, . 
71,41; 1901, 79, 1042), and, although this conclusion has recently bet 
doubted, it has been contirmed by a careful repetition of the origi: ie 
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experiments, and derives additional support from the results of the 
present research. 

The range of temperature covered by our experiments extends 
from about 500° up to nearly 1200°, and special attention has been 
paid to the influence of the time factor on the various decompositions. 
The main conclusions, which materially differ in several important 
respects from those of previous workers, are summarised in the follow- 


Osition 
en, for 
ing paragraphs : 

(1) Methane, which is by far the most stable of the four hydro- 
ratures carbons examined, is always a principal product of the decomposition 
herent of the other three, especially at temperatures above 800°. It decom- 
elievei F poses for the main part direct/y into carbon and hydrogen, and the 
S large process, which is probably reversible at all temperatures, is (at least 
rature within the temperature range above indicated) chiefly a surface 
ff a phenomenon.* The carbon deposited from methane is of a peculiarly 
k, hor | hard and lustrous type, wholly different from the dull, soft variety 
hydro) yielded by the other three bydrocarbons, except in so far as part of 
the latter may arise as the result of the secondary decomposition of 
d from methane. 

(2) The decomposition of the other three hydrocarbons is not 
chiefly a surface effect, but takes place throughout the main body 
of the gas. 

(3) Acetylene is a principal product of the decompositions of ethylene, 
but not of either methane or ethane. The equation put forward 
by V. B. Lewes for the decomposition of ethylene is, however, 
disproved. 

(4) At comparatively low temperatures, acetylene exhibits a strong 
tendency to polymerise, forming benzene, &c., so that whenever acetylene 
is a principal primary product in the decomposition of another hydro- 
carbon (for example, in the case of ethylene) there is always a marked 
secondary formation of aromatic hydrocarbons at low temperatures. 
This tendency to polymerise reaches a maximum probably somewhere 
between 600° and 700°, after which it diminishes rapidly as the 
temperature rises, and is but little in evidence above 1000°. 

(9) Both acetylene and ethylene exhibit a certain tendency to com- 
bine with hydrogen at low temperatures, forming ethylene and ethane, 
but the importance of this factor, which is never very great, diminishes 
as the temperature rises, and is insignificant above 1000°. 

(6) One of the principal factors operative at 800° and higher 


* The conclusion as to the decomposition being chiefly a surface.effect applies up 
to 1200", and probably at still higher temperatures, which were not investigated. 
Presumably at very high temperatures, decomposition would (in part at least) take 
place throughout the main ‘body of the gas itself ; this is certainly the case in the 
electric are (Bone and Jerdan). 
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. . ° ” ° ery fe 
temperatures is the direct “ hydrogenation” of such residues as :(}f, 
-CH,, and possibly *CH, (which conceivably have a momentary | 


separate existence during the dissolution process) to methane wher. 
ever the atmosphere is already rich in hydrogen. In this and in y 
other way can the phenomenally large production of methane durin; 
the decomposition of the other three hydrocarbons be accounted for 
The assumption of this factor also explains the greatly superisr 
stability of methane over the other hydrocarbons at all temperatures 
examined. 

(7) Berthelot’s theory of the mechanism of hydrocarbon econ. 
positions, with its consequent assumption of the attainment of , 
complex state of equilibrium at each particular temperature, is finally 
disproved. 

(8) The mode of decomposition of any particular hydrocarbon 
cannot be expressed by means of a single chemical equation x 
ordinarily employed. For whilst it may sometimes seem possible t 
apply a given equation such, for instance, as 


C,H, =C,H,+H,=C + CH, +H, 


to a particular case within certain rather narrow temperature limits 


any attempt to extend the system invariably results in inconsistency | 


and confusion. 
(9) But whilst the rigid application of ordinary equations is, a4 


rule, inadmissible, it is not difficult to formulate a scheme based of 
the assumption set forth in paragraph (6), showing the chief caus f 


at work and their modes of operation in any given case, The scheue 
applies more particularly to ethane, ethylene, and acetylene, sine 
the d composition of methane is, in the main, a direct resolutia 
of the gas into its elements, 

(10) In the cases of ethane and ethylene, it may be supposed thit 
the primary effect of high temperature is to cause an eliminatia 
of hydrogen with a simultaneous loosening or dissolution of the boul 
between the carbon atoms, giving rise to (in the event of dissolution 
residues such as ‘CH, and iCH. These residues, which can onl 
have a very fugitive separate existence, may subsequently either (! 
form H,C:CH, and HCiCH, as the result of encounters with other 
similar residues, or (6) break down directly into carbon and hydrogel, 
or (c) be directly ‘“ hydrogenised’’ to methane in an atmosphet 
already rich in hydrogen. These three possibilities may all be realise 
simultaneously in the same decomposing gas in proportions dependet! 
on the temperature, pressure, and amount of hydrogen present. Tl 
whole process may be represented by the following scheme, tl! 
dotted line indicating the tendency to dissolve the bond betwee 


eit 
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CH the carbon atoms which becomes actually effective at higher tempera- 


ntary [ae tures.* 

wher. Hu (a) C,H, + H,. 

in ny WC-C-H = [2(:CH,)+H,] = )(4) 20+2H,+H,, iF 
luring Hi IL li) plus H, = 2CH, Bs 


HT 


d for Ethane. ; 
perior WH (a) C,H, + Hy. 
atures 


oe = (2@CH)+H,] = we 2C + H, + H,. 


(c) plus 2H, =2CH,. 
lecom: 

of 4 
finally 


Ethylene. 

(11) In the case of acetylene, the main primary change may be 
either one of polymerisation or of dissolution, according to the tem- 
perature, and if the latter, it may be supposed that the molecule 


an AEE TERA Omg ot 
ee 


aren breaks down across the triple bond between the carbon atoms, giving ae 
on’ Frise to 2(3CH), and that these residues are subsequently either Els 
ble to resolved into carbon and hydrogen or “ hydrogenised,” according to ; "I 
circumstances, thus : * : 4 
((@) 2C +H, . 
HC:CH = 2(?CH) =- ° 
limit, \ (() plus 3H, = 2CH, 
stency Polymerisation. 
Incidentally, it may be observed that the rates of decomposition 
3, 84 of these hydrocarbons are very much slower than their rates of : 
sed ot | combustion, and that therefore in the propagation of a flame through | 
caus Fa homogeneous mixture of a hydrocarbon and oxygen, oxidation will oe 
scheut | probably take precedence of all other chemical phenomena. F 
, since 
oe EXPERIMENTAL. r 


that Apparatus and Methods.—The apparatus employed in the experiments 
ination Fy above 700° consisted of an arrangement of two coaxial tubes of best 
» boul Berlin porcelain, glazed within and without, similar to that used by 
lution) | Bone and Jerdan in their experiments on the direct union of carbon 
n only Fy and hydrogen (Trans., 1897, 71, 46), and is diagrammatically shown in 
her (@ Fig. 1. The inner tube, AA (length = 29 em., 12 mm. internal and 
other 165mm. external diameter), terminated in narrow ends, each 16 em. long 
jroget, Ss and 2mm. bore, It was held in position coaxially within the outer tube, 
ysphere BB (length = 50 em., 24 mm. internal and 30 mm, external diameter), 
ealisel IF by means of two special brass end pieces, C'C, provided with stufling 
enden! * With regard to ethylene and acetylene, it is to be understood that changes of 
. The the kind indicated under (4) and (5), which do not involve a breaking down of the 


re, the original molecule, may take place independently, but such changes are essentially 
et weel low temperature effects. 
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boxes packed with asbestos wool moistened with “ Roman” cemeiy, 
which rendered the joints between the two tubes quite gas-tigh: 
These brass end pieces were provided with side-tubes, which permitte 
of a slow current of pure dry hydrogen being maintained through the 
annular space between the two porcelain tubes throughout ea 
experiment, thereby both ensuring the even heating of the inner tuk 
and protecting its contents from any contamination with the furnay 
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U 
The tube at a leads to the drying tube and gas-holder ; in circulation experimens 
to the large globe, ce. 


gases. The tubes were heated mainly by radiation from the firecl 
walls of the specially designed gas furnace (length=3) a 
containing thirteen powerful burners, with a draught induced by ti 
iron chimney, £. The furnace was protected by means of thick 
screens of asbestos mill-board, and the gas supply was automaticall} 
controlled by means of a Stott governor. The temperature of the 
porcelain tubes was recorded by a Le Chatelier thermo-juneiid! 
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connected with a dead-beat galvanometer, and it could be kept 
practically constant (within a total variation of about 20°) for many 
hours together. ‘The narrow ends of the inner tube, AA, projected 
some distance on either side beyond the furnace ; one of these ends 
was connected, through the stopcock, a, and drying tubes containing 
calcium chloride, with a glass holder containing the gas under 
investigation ; the other end communicated, through the three-way 
stopcock, 8, with the capillary manometer, /, the spiral condenser, ¢ 
_ (which was externally cooled by ice during each experiment), and the 
automatic Sprengel pump, //. 

At the outset of an experiment, the porcelain tubes were heated to 
the desired maximum temperature, and the inner tube thoroughly 
exhausted. The tap 6 was thereupon closed, and by opening a the gas 
> under investigation was admitted until the manometer indicated a 
pressure slightly above that of the outside atmosphere. The gas was 
then maintained at the experimental temperature for a definite period 
of time, during which pressure records could be taken at regular 
intervals, and, finally, by momentarily opening the tap 6, a sample of 
the residual gas was instantly drawn over into the vacuous condenser 
“and pump connexions, whence it was afterwards collected through 
‘the pump for analysis. After removal of the sample, the whole 
apparatus was again exhausted in readiness for the next experiment ; 
‘in this way a series of consecutive experiments at a particular selected 
temperature could be made without cooling down the porcelain 
ubes. 

The presence of aromatic hydrocarbons in the products was 
ndicated by the appearance of a mist in the bulb of the spiral 
ondenser when the tap 6 was opened. 

Whilst the above represents the usual experimental procedure, it 
was subject to considerable variations for special reasons. By a slight 
nodification of the apparatus, the action of heat on a flowing stream 
f the gas could be investigated. Also, the length of the inner tube 
as sometimes varied, and occasionally a tube of the same internal 
iameter as the one shown in the diagram, but without narrow ends, 
vas used, in which case each end of the tube was fitted with a ground- 
lass joint secured by a short length of indiarubber tubing. When 
he influence of hot surfaces on the decomposition of methane was to 
e studied, the inner tube was packed with fragments of the selected 
olid, but otherwise no packing was employed. 

A notable departure from the usual procedure was made at 
Puperatures below 700°, where the rate of decomposition in a 
articular case was slow enough to admit of the employment of the 
circulation” method devised by Bone and Wheeler (Trans., 1903, 
3, 1076). In such a case the apparatus was converted into a closed 
VOL. XCIII. 41. 
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system by the insertion of a larger globe and a series of by-passe 
sampling tubes (for particulars of the arrangement see Phi/. Trang, 
1906, A, 205, 9), thus rendering it possible to operate on larg By, 
volumes of the gas under examination, and to follow the course of is IY 

decomposition both by pressure records and a series of gas samples i. \ 


eut out at regular intervals without disturbing the experiment a 
conditions, & 
Analysis of the Gases.—As the gaseous products often contained % 
acetylene, ethylene, ethane, methane, and hydrogen as well « By - 


small quantities of carbon monoxide, formed by the reduction of the 
surface of the inner porcelain tube by carbon deposited on it at high 
temperatures,* special methods were adopted for the  separay D7 7 


usual manner. 

In recording the composition of the gaseous products in th Py 
various experiments, any small percentage of adventitious nitroges ® eq! 
or of carbon monoxide has been omitted; the tabulated resuls By gre 
therefore give the percentage composition of the nitrogen- and carlo 


estimation of each constituent. For the estimation of ethane (if any FF 

present, a portion of the gas remaining after the complete remoril * 

of acetylene, ethylene, and carbon monoxide was subjected to the = x 

action of “oxidised” palladium sponge at 100° until all the hydroga F7% = 

was eliminated ; the residual saturated hydrocarbon was subsequently 3 

exploded with excess of oxygen and the ratio C/A determined in tk 4 ~ 
a 


monoxide-free products. 


Experiments with Methane. 


The methane was prepared by the method described by Bone aul 
Wheeler (Trans., 1902, 81, 541); the ratio C/A obtained in 1B... 
explosion-analysis was exactly 2:0, showing that the gas was quit B),,,); 
free from hydrogen. was 

(a) Preliminary experiments showed that the rate of decomposititt le 
is inappreciable at temperatures below 700° unless a very liz fipain, 
surface is exposed to the gas by packing the heated tube with som R™,,... 
porous material. In one experiment at 785° (no “ packing” in Bt) rc 
tube) the gaseous products at the end of an hour contained no ly ; 


than 91°6 per cent. of methane, the remainder being hydrogen without espe 
even a trace of acetylene. None of the other hydrocarb'fMp ;, 
investigated exhibited anything like so high a stability at ths D ex 
temperature. 0 Coa 


Experiments at 1000°.—Comparative experiments at this te lepos: 
perature, in which the heated tube was used both with and withod hang 
he re 


* It is impossible to avoid a certain amount of reduction of the porcelain ' 
iow 


carbon at temperatures above bright red heat. 
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ussel any special “packing,” proved how largely the decomposition is 


Uns a surface effect; indeed, we are of the opinion that it is entirely 
large s0. 

oF its 
nples 
ental 


(b) The following table refers to a typical series of experiments in 
which the gas was shut up in the heated tube (unpacked) at 
atmospheric pressure for periods of time varying from one to 60 
minutes : 
ainel TaBLe I, 
ll as 
vf the Temperature ..ecceeee ceeee ees ime | SBE, 985°. 1000°, 985°, 1015°. 


high re see 


arate Duration of heating (ONS, ) ... 05006. Z; 5. 15. 30. 60, 
f any 


we o 8», (Acatylene............-..... 05 | 05 nil nil nil 

10 the 222 | Unsaturated hydro- | | 

lrogen e235 CUPDOE cha ssccccsisessas 0°3 0°5 13 035 | nil 
“et S&S TMothane .........cerere-0s | 90°4 75°4 65°25 62°85 48-2 

uentiy f 5's & | Hydrogem..........0.-.+00. 8°8 23°6 33°3 36°8 | 51:2 

in the : | 

in the It will be observed: (1) that the rate of decomposition, for an 

trosel equal amount of surface exposed to the gas, was about sixty times 

results greater at 985° than at 785°; (2) that the formation of acetylene 


carbo or unsaturated hydrocarbon could only be detected so long as the 
methane concentration exceeded about 60 per cent., and (3) that 
with lower methane concentrations the gas continued to be directly 
resolved into its elements in contact with the hot walls of the tube. 
Blt should be added that, in harmony with (2), only at high methane 
ne ant oncentrations was there any indication of the formation of 
| in romatie hydrocarbons by the appearance of a slight mist in the 
S (ut FS bulb of the cooling worm when the tap leading out of the heated tube 
was opened. 

(c) Further insight into the general character of the phenomena is 
ained by a comparison of the pressure curves (Fig. 2, ordinates = 
ressure in mm ; abscisse=time in minutes) obtained in a series of 
lree experiments in which the gas, in the first instance undiluted, 
ut in the two subsequent experiments diluted with either 1 or 3 vols. 
espectively of nitrogen, was introduced into the hot tube (unpacked) 
t initially nearly the same pressure. It may be remarked that 
u experiments of this kind it is absolutely necessary first of all 
coat completely the walls of the hot tube with a layer of carbon 
eposited by methane in course of active decomposition, for otherwise 
hanges in the surface conditions during an experiment would render 
he results valueless for comparative purposes. The curves obtained 
how that, especially in the case of the undiluted methane, the rate 
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of decomposition is during the first few minutes proportional to son; 
high power of the concentration, but that afterwards it rapidly 
approaches, and finally attains, a value corresponding to a reaction 
of the first order. The correct interpretation of these curves jg 
we think, to be found in the fact that they refer to a conditiny 
of things in which highly condensed layers of gas are decomposing 
in contact with a hot surface. Such layers would be formed jp. 
stantaneously when the gas was first introduced into the hot vacuous 
tube, and rapid decomposition would at once ensue; the consequent 
outrush of hydrogen from the surface would speedily reduce the 
methane concentration not only in the surface layer, but also in the 
main body of the gas outside, thus setting up more normal conditions 
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inthesystem. It is clear also that the formation of minute quantities 
of acetylene and unsaturated hydrocarbon (including benzene) 1s 3 
circumstance associated with the initial “abnormal’’ period, tle 
normal conditions corresponding with the direct resolution of the 
methane into carbon and hydrogen in contact with the hot surface. 
(d) The next experiment shows the effect of largely increasing the 
surface exposed to the gas. The hot tube was packed with fragments 
of quicklime*; the decomposition now became extremely rapid, the 
* The use of porous porcelain for this purpose was found to be inadmissibl 
owing to the readiness with which it is attacked and reduced by the methane 
(or possibly by the carbon deposited from methane) at this temperature. How 
strong this reducing action is may be gathered from the fact that in one experiment, 
in which the tube was packed with this material, the gases contained no less that 


mins, 
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products containing only 1°9 per cent. of methane after twenty-five 
minutes, whilst at the end of an hour, when equilibrium was practically 
established, only 0-7 per cent. remained (temp. =1030°). The final 
gases contained 2°8 per cent. of carbon monoxide, formed by the 
seduction of the surface exposed to the gas. The curve showing 
the methane concentrations during the first half of the experiment 
(Fig. 3, ordinates = pressure of methane in mm.; abscisse=time in 
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Time in minutes. 


mins.) indicates a much more rapid setting up of ‘ normal” conditions 
than in the previous experiments, where the surface exposed to the 
gas was very much smaller. After the third or fourth minute the 


10° per cent. of carbon monoxide after 30 minutes and 22°5 per cent. after 
a minutes (nitrogen=0°7 per cent. only). We do not know that this strong 
Teieing action on porous porcelain has been noticed before. In similar experi- 
ments with quicklime the action was very slight, the gases containing only 2°8 per 
cent. of carbon monoxide after 60 minutes, 
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rate of decomposition assumed a value corresponding with a reaction 
of the first order, and this was steadily maintained until the end 
of the experiment. The following table gives two sets of values 
for the expression | /tlog(,/Cr, one for the whole duration of the 
experiment, and the other in which C, is taken as the methane concen. 


tration at the third minute: 


Tac_e II. 


(t 
P. Methane 
f Total pressure concentration 1/tlog C,/C;,. 
Minutes. in mm. in mm, 
0 790°0 694°0 : 
l 942°0 543°5 0°1062 
2 1020°5 166°5 00862 
; 1080°5 108-0 0:°0769 0°0582 
1 1129°5 S60°5 0°0711 00560 
6 1198°0 295-0 0°0619 0°0490 
8 12490 246°5 0°0562 0°0462 
10 1296°0 203°0 070539 0°0452 
15 1382°0 125°0 0°0500 0°0440 
20 1445°5 70°0 0°0498 00458 
25 1493°0 28°5 0°0555 0°0528 


Experiments at 1150—1160°.—The following typical series of 
experiments, in which the gas was initially admitted to the (unpackel 
tube at 1150—1160° under atmospheric pressure, afford  strixing 
proof, not only of the extraordinarily great stability of methane a 
compared with other hydrocarbons examined at this temperature, | 
also of the fact that the “ normal ’’ decomposition does not involve the 
formation of acetylene. For, except during the first minute, not 4 
trace of acetylene could be detected among the products, nor was 
there any indication of the formation of aromatic hydrocarbons 
The gas was undoubtedly resolved directly into carbon and _ hydroget 
in contaet with the hot walls of the tube. The results of this series 
of experiments are tabulated below : 


TaBLeE III. 


Temperature .. sa saa 1150 1150 1160°. 1150—116 
Duration of heating (mins.) . 3, 5. 60. 180. 
Acetylene .. peas arias C°5 nil nil 
Methane dn - 14°6 2°23 O15 
Hydrogen 54-9 77 7 O08) 


Character of th Carbon obtained from Methane. The form in whic! 


the carbon was deposited from the decomposing methane at # 
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temperatures deserves special notice. It was entirely a surface deposit 
e end of a peculiarly hard and lustrous variety, almost metallic in appear- 
values ance, and totally different from the dull, soft variety yielded by 
f the acetylene, or any of the other hydrocarbons examined under similar 
conditions.* This cireumstance not only harmonises with the view that 
the decomposition of methane is, at these temperatures, a surface effect 
entirely, but is inconsistent with the supposition that the primary 
decomposition involves the formation of acetylene, for example, 
2CH, = C,H, + 3H,, which must now be regarded as untenable. More- 
over, it seems probable that the peculiar properties of the ‘‘ gas carbon ” 
formed in the crown of the retorts during the manufacture of coal gas, 
as well as the characteristic metallic lustre of the coke obtained in 
coke-oven practice, where high temperatures prevail, are due to this 
“surface” decomposition of methane. The general character of the 
decomposition also, in a great measure, accounts for the comparatively 
feeble luminosity of the flame of methane. 


Action 


oncen- 


Experiments with Ethane. 


(a) Circulation Experiments at 675°.—After some preliminary trials, 
675° was adopted as a suitable initial temperature, the apparatus being 
fitted with the necessary connexions for a “ circulation” experiment, 
including a series of by-passed sampling tubes in order that samples of 
the gas might be shut off at intermediate periods during the experi- 
ment, without in any way altering the pressure in the apparatus or 
interrupting the course of chemical change. The apparatus so arranged 
had a capacity of about 3 litres. Pure ethane, prepared from zinc 
ethyl, was set circulating through the heated (unpacked) tube 
(7=675°) at an initial pressure of 248 mm.; this low pressure, 
together with the fact that the temperature of the hot tube was well 
below that at which methane begins to decompose in similar cir- 
cumstances, would, it was thought, make it easier to discover the 
character of the primary reaction. ‘The gas decomposed fairly rapidly, 
the pressure in the apparatus increasing by more than 80 per cent. 
within three hours, after which it remained nearly constant. In the 
spiral condenser, which was kept at 0° throughout the experiment, 
there appeared a few minute crystals of naphthalene mingled with 
traces of a tarry substance, but curiously enough no benzene could be 
detected. 

Analyses of samples of the gas (see table LV. below) shut off in 
the by-passed tubes at intermediate points during the experiment 
revealed the formation of much ethylene and hydrogen, but compara- 
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al * Except, of course, in so far as the other hydrocarbons may yield the hard variety 
tal 7} 


as the result of the secondary decomposition of methane. 
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tively small quantities of acetylene during the initial stages, followed 
by a considerable accumulation of methane, at the expense of ethylene, 
towards the end of the process. Carbon was also deposited in the hot 


tube: 


Taste IV. 
Temperature =675°. Initial Pressure of Ethane = 248 mm. 
Time (NOUS) ........ccesccvcecsovesrees 4. 14. 3. 6, 
Male” savcnrccccsarsssssce cansessseaveses 1°47 1°70 (1°8) 1°87 
————____—__—_—_—_—_——. — — | - 
ee | Spawn 4:1 51 | 28 19 
‘epi i 3 > ee 24°7 24°1 16°4 07 
5 > =+C,H, . B4°7 | 98 | 7°3 20 
£FS82/CH, 84 | 199 | 8299 54° 
a ° “© H, 281 | 411 | 406 40°9 


* Ratio of the pressure in the apparatus to the initial pressure. 


On repeating the experiment, it was found that an initial pressur 
of 221 mm. (corresponding with 1°20 grams) of ethane ultimately 
gave rise to 207 mm. of hydrogen, 213 mm. of methane, 3 mm. of 
acetylene, as well as 0-4 gram (at least) of a soft, flaky variety of 
earbon and about 0°05 gram of almost pure naphthalene, but nm 
benzene. At an intermediate point during the experiment, when 
about 86 per cent. (that is, 189 mm.) of the original ethane had 
disappeared, the gaseous products contained as much ‘as 19 per cent. 
of ethylene. 

The above facts are clearly inconsistent with Berthelot’s view that 
the primary decomposition of ethane may be represented by the 
equation 

2C,H, = C,H, + 2CH, + H,, 
or, indeed, with any other theory involving the prominence of acetylene 
among the initial products. On the other hand, they certainly 
suggest, and taken by themselves apart from any other evidence 
might almost seem to prove, that the sequence of changes may 
represented by the following scheme : 
C,H, =C,H,+H,=C+CH, + H,. 

But, as will be shown later, this cannot be considered as portraying 
the real mechanism of the process, although in a crude way tt 
expresses its outward character. 

(6) Experiments at 800°.—(1) At this temperature ethane decot- 
poses so rapidly that the adoption of the “circulation ” method wa 
quite out of the question. Accordingly, we had to be content with 


DECOMPOSITION OF HYDROCARBONS. PART I. 1213 


rllowed shutting up the gas in the hot tube (unpacked) for definite periods of 
hylene, time, keeping a sharp look out for the appearance of any mist in the 
the hot bulb of the spiral condenser when the products were finally allowed 
to escape out of the zone of reaction. In considering the results of 
the following typical series of experiments, it must be borne in mind 
that the rate of decomposition of methane under similar conditions 
- was found to be negligible, except when the heating was prolonged 
beyond thirty minutes : 


TABLE V. 
Temperature .....++4. 810°. 805°. | 810-815". | 810°. | 810—815°. 
=a = _— 
Time (mins.) ...... .. iy 5. 15. | 30. | 60. 
_| . | } 
f Yellow White 
: Appearance in spiral con- | mist and mist, No appearance of either 
MINE orn Meine cawncices deposition no mist or crystals. 
of crystals. crystals. 
age i ee 190 120 0°50 trace nil 
timately Fy = 25 2 = Cs ses xe 11°20 4°40 0°75 nil | nil 
i = + CoH, lace 17°90 2°40 nil nil | nil 
peek ee 31°30 | 54°55 6465 =| «660 «| «(63°75 
riety of Re = ~ geaiebo tai 37°70 | 37°45 34°10 34:0 36°25 
but. no —_ ail See Ss 
t, wher Ta patio CH,/H,in products. | 0°83 1°46 190 | 194 | 1°75 


ane hal Ry | 
er cent, 


It is evident from the composition of the gases at the end of a 
ew that minute, not only that ethylene is still prominent among the primary 
by the products at this temperature, but also that, whilst acetylene and 
aromatic hydrocarbons could be detected, they were never present in 
sufliciently large amounts to be regarded as really important factors. 
cety lene The most striking feature about these results is, however, the rapid 
certainly J accumulation of methane in the products ; thus, the ratio of methane 
evident: J to hydrogen increased from 0°83 at the end of a minute to as much as 
may be J l%4 at the end of thirty minutes, during which period all other 
products except carbon had entirely disappeared. So high a ratio as 
194 is obviously inconsistent with the scheme 
rtraying C,H,=C,H,+H,=C+CH,+H,, 
> way it nd for a long time we were quite unable to account for it. The 
supposition that it might be due to the secondary decomposition of 
» decom- tomatic hydrocarbons was at once disproved when submitted to the 


thod was em of experiment. Several other possible explanations were similarly 
ent with [yye'smissed, 


. 
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(2) Finally, we were compelled to look for a solution of the difficulty 
in some kind of change, whereby hydrogen disappears and methane 
is generated. A long search for such a process led to the discovery 
of a hitherto unsuspected and important factor in hydrocarbon decom. 
positions, namely, the formation of methane by the direct hydn. 
genation of either gaseous carbon itself, or, more probably, of suc 
residues as }CH, ‘CH,, or *CH,, which may conceivably arise by th 
initial breaking down of a hydrocarbon molecule in an atmosphere 
rich in hydrogen. 

The proof that such a factor is really operative at high temperaturs 
is furnished by the following comparative experiments on the relatiy: 
amounts of methane formed when ethane, diluted to an equal degre 
with (a) nitrogen and (4) hydrogen, is completely decomposed unde 
conditions precluding any sensible loss of methane. These condition 
it was found were fulfilled by separately shutting up mixture 
corresponding with C,H,+3N, and C,H,+3H, respectively at atmo 
pheric pressure in the hot tube at 800° for an hour in each cas 
Four separate experiments were carried out with each of the ts 
mixtures; the ethane was in all cases completely decomposed, ti 


. . . , ’ 
ultimate products consisting of carbon, hydrogen, and methane only, § 


the percentage amounts of the last named being as follows : 


Percentage methane obtained. 


- "i Mean 
Oricinal mixture { C2He+3Ne ----- 18°5, 17°15, 18°8, 18°7............ 1815 
Tere ee | CoH, + 3H, ...... 42°9, 38:0, 43°9, 40°15 ........ 41°25 
Ratio 41°25 — 9-97 
18°15 


It is clear that with an inert gas, such as nitrogen, as the diluent, 
the ultimate result corresponded very nearly with the equation 
C,H, + 3N,=C+CH,+ H,+3N,, 
whereas, under siliae conditions with the active hydrogen, abot 
80 per cent. of the carbon originally present appeared as methane it 
the products, as though the change had been principally 
C,H, + 3H, = 2CH, + 2H,,. 

This striking difference can only be attributed to the operation of! 
cause such as the one indicated above, and, as will be shown later, tlt 
same thing also applies in the cases of both ethylene and acetylet, 
the theory may be accepted as having a solid basis of fact. 

(c) Experiments at 1000°.—-At this temperature we were operating 
under conditions admitting of the slow decomposition of methane, * 
that this product rapidly accumulated at first, but afterwards dimit: 
ished in amount as the heating was continued, as the following typi! 


series of experiments indicate : 
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difficulty 


methane Taste VI.— Temperature = 1000°. 
discovery 
mn decom. Pie (WIME,) -n<s-n<ossensereee svaveees 1 5 30. 180 
ct hydro 
a — co SOR Pee areere 2° 0°55 0°50 0°3 
se by the a32 jen jos Sakina es 6°9 1°80 0-2 nil 
mosph i IT CIS « connsasttedssamsansn. 55 115 nil nil 

ite tii) ee 32°6 11°95 37°1 25°6 

Re ceuiaeuactegiesansaneees 52°5 4°55 61°2 74°1 

perature 
> relative _ ‘ 
: : Ratio CH,/H, see ceeseeserecccesees eevee 0°62 0 dd 0 60 0°34 
al degre: : 
sed under 
-ondition The fact that we were just able to discern the appearance of a white 
ae wist in the spiral condenser of the apparatus when the heating 
at atmos extended over one minute only, but none at all after five or more 
each cast minutes, induced us to attempt an estimation of the amounts of 
; the tro aromatic hydrocarbons formed during the initial periods of the 
sed, ‘the decomposition in the following special experiment. 
aeeitiis. Ten litres of ethane (13 grams) were passed through the heated 


tube (7'=1000°) at a speed such that each portion of the gas would 
not remain in the zone of reaction for longer than about half a 
minute. The issuing gases were passed through a weighed condenser 
externally cooled by ice. The amount of condensable hydrocarbons 
obtained did not, however, exceed 0°5 gram, or about 4 per cent. of 
the weight of the original ethane. This fact, together with the 
o dilest insignificant amounts of acetylene formed at this temperature, is 
clearly inconsistent with any form of “acetylene” theory, and also 
completely disposes of Berthelot’s view that carbon arises only as the 
result of a long sequence of condensations in which heavy aromatic 
hydrocarbons play a principal réle. 

(7) Experiments at 1140—1185°.—Ethane is phenomenally 
unstable at this temperature, being scarcely able to survive a single 
rapid passage through the hot tube. The following results show that 
ation ofa at the end of five minutes nothing remained besides carbon, hydrogen, 
later, tht and methane, the latter undergoing fairly rapid resolution into its 
acetylent elements. The large amount of methane at the end of five minutes 
. is, from our point of view, a very significant feature of the 
operatilg decomposition : 

ethane, * 

ds dimit: 
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TABLE VII. 


Temperature ..........eecee-ee0e. | 1140—1150°., 1150—1180°.) 1175°. | 1180—1)85 

pS a 5. 15. | 30. 60, 

Percentage composi- { C,Hg...... trace | nil | nil nil 
tion of gaseous- CH, sencee 27°0 12°75 10°9 60 
products. (H,.........|  78°0 87°25 89°1 94-0 


Experiments with Ethylene. 


Experiments at 570—580°.—At this temperature the gas changel 
slowly enough to enable us to bring the “circulation” apparatus, with 
its by-passed sample tubes, into operation. The initial pressure of th: 
gas was 365 mm. ; the heated tube was kept at 570° to 580°, and th 
gas rapidly circulated in the apparatus during two and a-half hour, 
The first of the intermediate samples was shut up within a few minute 
of the commencement of the experiment, after about one-fourth of the 
original ethylene had decomposed ; there was a -slight fall in pressur 
in the apparatus as the experiment proceeded, and the course of tle 
decomposition was marked by the expulsion of brown vapours fro 
the hot tube. These vapours condensed, forming a viscous tar in tle 
spiral condenser; very little carbon was deposited in the hot tule 
(about 0-011 gram only, or 0°75 per cent. of the weight of the carbm 
in the original gas). The results of the experiments will be bette 
understood if the compositions of the gases at various periods at 
expressed, not in percentages as usual, but in terms of the actu 
partial pressures of the several constituents under constant volume 
as shown on p. 1217. 

The phenomena at this temperature are evidently very complet 
Acetylene, ethane, methane, hydrogen, and aromatic hydrocarbons at 
all. produced in quantity, but the amount of carbon which actual] 
separates is negligibly small. It is to be particularly observed (! 
that whereas methane rapidly and continuously accumulated duriat 
the experiment, the hydrogen accumulated up to a certain point on} 
(60 mins.), after which it diminished slightly ; (2) that the quantity of 
acetylene formed exceeded that met with in the experiments up! 
ethane, and at the end of the first minute amounted to as much # 
about 12 per cent. of the gases present, and (3) that the amount 
carbon in the gases progressively diminished during the experimel! 
until finally it was just half that contained in the original ethyle 


» 7 
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Taste VIIL.—Zemperature =570—580°. /nitial Partial Pressure 
of C,H,=365 mm. =730 Units of Carbon. 


Sample No. ..... ... | 1. | 2 3. 4, 5. 6. 7. 
| 
| 


Time (mins.) ...... 2 15 30 45 60. 75 150 

sas roa SRN PORE ees ee ee 

0%: eres | 272°5 177°0 143°0 | 120°0 104°5 = 94°0 = 83°5 

g2se¢ joo seane |} 43°0 26°5 = 20°5 | «—-22°5 26°5 | 31°0  23°0 

iC ae | 12°8 28°7 297 | 29°4 27:3 | 240 99 

a hee | 161 54°6 675 | 771 | 90-0 | 95°6 1328 

© RUG woasaane 17°9 42°9 93°1 | 101°0 102°0  97°4 +930 

Toval pressurein mm... | 362% | 359°0 3854 | 351 350-342-342 

; changel ae 2 a ea 

stud, With BA cuits of carbon in gases | 672°7 519 454 | 421 406 | 393 | 365 
ure of the 
°, and the 

alf hous. a circumstance which indicates a continuous formation of aromatic 

w minuté # hydrocarbons, mainly due to the polymerisation of acetylene or !CH 

rth of te [F residues. In respect of (3), it is interesting to note how great is the 

n pressure JF contrast between the behaviour of ethane and ethylene at low tempera- 

rse of the J tures, for whereas it was found that ethane ultimately yielded much 

ours frou J carbon and very little aromatic hydrocarbons as it slowly decomposed 

tar in thf at 675°, quite the reverse was observed in the case of ethylene. This 

, hot tube difference is to be attributed to the fact that acetylene is one of the 

the carbon principal primary products in the decomposition of ethylene at low 

be bette # temperatures, whereas it is never a prominent factor in the case of 

eriods att a ethane, 
the actu : But whilst we agree with Lewes in regarding acetylene as a primary 
nt volum #% product of the decomposition of ethylene, the large accumulation of 


_ hydrogen in the above experiment without a cor esponding separation 
y comple ff of carbon at once disposes of his contention that the main decom- 

carbons at position may be represented by the equation 

ch actually 3C,H, = 2C,H, + 2CH,, 

pserved (1 

ted during 
point onl 


© because, in such a case, free hydrogen could only arise by the secondary 
resolution of the acetylene into its elements. Moreover, during the 
S@® ‘ust thirty minutes of the experiment, the rate of accumulation of 
quantity “ J) methane was only about one-third of the rate of disappearance of the 


7 . : : 

nents " ethylene,* instead of two-thirds of this rate, as demanded by Lewes’ 
AS much # equation, 

- amount 
experimet! 
al ethylest 


* ° . 
| During the interval between 0 and 30 minutes, 222 mm. of ethylene dis- 
‘peared, but only 67°5 mm. of methane were produced. 


; 


ae 
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The experiment also proves that the equation 
C,H,=C+CH, . 
does not represent the main change at this temperature. This may at 
first sight seem inconsistent with what has been said respecting the 
decomposition of ethane at low temperatures, but the apparent incopy. 
sistency only emphasises the hopelessness of attempting to express the 
mechanism of these processes by means of ordinary chemical equations 
and the necessity of regarding the phenomena from the standpoin; 


advocated in this paper. 

Experiments at 700—720°.—The results of two experiments at this 
temperature, with the apparatus set up in the ordinary way (that is 
without the circulation arrangements), may be quoted in support ¢ 


the foregoing argument, as follows : 


POMDOUMRING 55.00 icinansicoannprgaians 720°. 700°. 
EP TIED x vescsi cad niberwinctarens 10. 30. 

> & SRRS: ssaaerranseiqenaciee 3°75 2°4 

= Z >. - - 

Stag | Benzene, &c 1°25 traces 
rg eS 0... Sere 63°20 27°1 

> Res |C,H, sau nhe sha uacenned 8°35 12:0 

2 Bs 2 CH, Aiehate de Peake enw 20°1 37°] 

eS H, 3°35 21°3 


Experiments at 800°.—(a) The chief interest of this series of expeti 
ments lies in the fact that the conditions precluded any appreciable 4 é 
decomposition of methane during the time required (fifteen minute) Re ; 
to effect the disappearance of 90 per cent. of the original ethylen J; 
There was a small increase in pressure during the first five minute Hc 


(namely, 750—790 mm.), after which it remained practically constant. 7 1 

The percentage compositions of the gaseous products are shown below: IRs 

a0 

TABLE IX. —)p 

ct 

Time (mins. 1. 5. 15. 30. = 

o . oe 3°00 23°90 3°85 nil F 

223 5 | CoH ssn = 57°25 1°40 9°65 09 4 
ams & &4CH, 3°25 5-00 1°30 nil 
Ss5265 [CH ; w  =29°40 53°40 64°45 677 
a. wal ft. Pa 7°10 17°00 20°75 314 


Comparing these results with those obtained at 570°, it may! 
observed (1) that there was a much larger separation of carbon ands 
smaller formation of aromatic hydrocarbons at the higher temperatut 
and (2) that, whilst both acetylene and ethane were still produce 
although to a less extent than at 570°, there was a much larger for 


tion of methane, the ratio of methane to hydrogen never falling be" ca 
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3.0 as compared with usually less than 1°0 at the lower temperature. 
This is probably due to the direct hydrogenation of such residues as 
‘CH, or ICH, which certainly comes prominently into play at this 
temperature, as the following experiments prove. 

(5) In these experiments, mixtures corresponding with C,H,+3N, 
and C,H,+3H, respectively were separately maintained at 800° for 
an hour in the same apparatus, and the methane in the final products 
subsequently determined. The duration of the heating sufficed not 
only to decompose the whole of the original ethylene in each case, but 
also to destroy any acetylene, ethane, or aromatic products, whilst 
practically the whole of the methane produced would survive. The 


"following statement as to the percentages of amounts of methane 
obtained in four different experiments with each of the two mixtures 
j proves how remarkably active hydrogen is at this temperature : 


Percentage of methane found. 


= = Mean. 
cists) statins f Cotet SB ~->:- 15°45, 13°7, 13°4, 12°65......... 13°8 
Prien WAEECEO) UTS SH, ...... 42°, 40°86, 44'S, 46°86......... 43°5 


Ratio 42° = 3-15. 
13°38 


Experiments at 950°.—At this temperature 90 per cent. of the 


ethylene decomposed within a minute, and searcely any of it survived 
‘after fifteen minutes. Much carbon separated, and the production of 


aromatic hydrocarbons was correspondingly small. It will be 
observed, from the table of results given below, (1) that acetylene 


"was detected in the products after one and five minutes, but not sub- 


sequently, and (2) that the methane/hydrogen ratio in the products 
never exceeded 1°65, and rapidly diminished as the experiment was 
prolonged, a circumstance due to the continuous secondary de- 


composition of the methane, which was accompanied by a steady rise 
10 pressure in the apparatus, namely, from about 750 to 950 mm. : 


TaBLhE X. Temperature = 950°. 


Time (mins.) ......... 1, 5. 15. 30. 60. 
a 

Percentage (C,Hg...... 3°50 0°35 trace trace | nil 

composition | C,Hy...... 8°70 1°65 1°10 trace nil 

of gaseous | CH, ...... 54°75 48°35 44°75 | 38°20 | 71°9 

products \Hy......... 33°10 49°65 | 54°15 | 61°80 28'1 


| 


N.B.—No ethane could be detected in the products. 


An attempt was made to estimate the yield of aromatic hydro- 
carbons at this temperature by passing 10 litres of ethylene through 
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the hot tube of the apparatus at a rate corresponding with a perioj 
of one and a-half minutes’ heating for each successive portion of th 
gas. The results showed that not more than about 4 per cent. of thy 
gas was converted into condensable products. 

Experiinents at 1180°.—The following series of experiments shoy 
little else than the rapid and complete resolution of ethylene iny 
carbon, hydrogen, and methane at this temperature. Incidentally 
also, the relatively great stability of methane is again striking) 
demonstrated. Moreover, as might be expected, the formation ¢ 
aromatic hydrocarbons was negligibly small : 


Taste XI. Temperature = 1180°. 


Time (mins. ) 5. 15. 20. 60. 24( 
Percentage 0°50 trace trace trace nil 
compo ston | CH ieieies 1°75 0°70 nil nil I 
of gaseous | C he er 25°20 23°35 20°9 16°1 ‘8 
products. ). ee 72°55 75°95 79°1 83°9 42 


Experiments with Acetylene. 


Experiments at 480—500°.—A “circulation” experiment prove 
that the principal change at this temperature is, as might be expectél 
one of polymerisation. The gas was circulated over a suriut 
composed of fragments of porous porcelain contained in a short Jai 
glass combustion tube heated to the required temperature in a Lotl fi » 
Meyer constant temperature furnace. The total capacity of th 
apparatus was 3550 c.c., that of the heated tube about 100 c.c., wl 
each circuit was completed in about forty-five minutes. 

Starting “all cold” with a pressure of 500 mm. of acetylene, i 
temperature of the furnace was slowly raised to 440° in two and a-lil 
hours, and to 480° by the end of five hours, the pressure falling® 
430 mm. during this period. The experiment was continued for fiftes 


hours’ longer, with the following results: qi 
Time in Pressure Time in Pressutt 
hours. Temp. mm. hours. Temp. mm. 
0 to 5 15 to 480° 500 to 430 11 490° 308 
6 49] 399 12 488 290 
7 493 382 14 486 270 
8 492 360 | 16 482 24y 
9 493 342 17 480 243 
10 492 324 20 480 219 


The pressure curve, for the period five to twenty hours, is rep 


ES 
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L period duced in Fig. 4. Analysis showed that the residual 213 mm. of gas at 
1 of ‘the the end of the experiment comprised : 


sei. C,H, =88, C,H, = 29, C,H, = 32, CH,=16, and H,=48 mm. 


ts show It would therefore appear that of the 412 mm. of acetylene which 
ene inty disappeared during the experiment, about 195 mm. (or 48 per cent.) 
dentally, had polymerised, 160 mm. (or 39 per cent.) had ‘decomposed into 
rikingly carbon and hydrogen, whilst the remaining 57 mm. had been 
ation ¢ “hydrogenised,” yielding ethylene, ethane, and methane. 

With regard to the “condensed” products, the whole of the porous 
porcelain in the heated tube was coloured dark brown or black during 
the experiment, and, on extraction with chloroform in a Soxnlet 
apparatus, tarry matter was removed, leaving the surface black by 


Fic. 4. 
| 
} | | 
vel | 
nt pro a t 
> expectél Peds J 
} — 
short Jew — 
Zime kin Kowre 
lL ss#ss&6we# ji 3’ 8 We Il i2 18 4 1s 6 OW 


eason of carbon impregnation. In the spiral condenser of the 
pparatus, which had been externally cooled with solid carbon dioxide 
roughout the experiment, a few drops of a limpid liquid with an 
omatic odour and a green tinge had collected. 

Experiments at 650°.—A similar “circulation” experiment was 
ade at 650°. Starting with the cold reaction tube and a pressure of 
)mm., the temperature of the furnace was raised to 650° in an 
uw, during which the pressure fell to 330 mm. The experiment 
as continued for seven and a-half hours longer, at the end of which 
®pressure was 154 mm. Brown vapours were continuously expelled 
m the hot tube, and condensed in the cooled spiral. The pressure 
ords were as follows: 
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lime in Pressure Time in Pressur 

hours. Temp. mm. hours. Temp. mm, 

0 15 510 3 650° 200 

\ 500 475 4 643 180 

1 620 333 h 647 172 

14 640 275 6 647 168 

2 640 249 gh 653 Lhd 
2) 642 217 . 


The residual 154 mm. of gas comprised : 

C,H, =19, C,H, =15, C,H, =2, CH,=45, and H,=70 mm, 

The weight of acetylene originally charged into the apparatus was 
2:59 grams (that is, 2°39 carbon, and 0:20 hydrogen). Of this, 154 
grams (or about 60 per cent.) polymerised, 0°75 gram, or as nearly as 
possible 30 per cent., was resolved into carbon and hydrogen, the 
remaining 10 per cent. appearing as “ hydrogenised”’ products, that is, 
as ethane, ethylene, and methane, 

Experiments at 800°.—(1) The gas decomposed so rapidly at this 
temperature that the “circulation” method was abandoned in favow 
of the ordinary arrangement of the apparatus. Moreover, except 
when the gas was largely diluted with nitrogen or hydrogen, i 
always “flashed” as soon as it entered the hot vacuous tube, so that 
its temperature must momentarily have been considerably higher that 
was recorded by the pyrometer. The greater part of the yas wis 
undoubtedly decomposed during this momentary “ flashing,” but « 
the end of a minute there still remained about 25 per cent. 0 
acetylene undergoing more or less rapid change. The results of 1 
typical series of experiments are tabulated below : 


TaBLe XII. Temperature =795°—800°. 


rime (mins. ) 1. 5. 15. 60. 
a _ @ H, tee 25°9 73 1°35 nil 
z 22 2e| Hy 42 27 nil nil 
B&= 65+4C,H, 2°65 0°7 nil nil 
ESs Ge | Coll, 15°00 35°3 37°65 13 
a" . 1m, 52°25 54°0 | 61°00 570 


The appearance of a mist in the spiral condenser in the one minute 
experiment showed that polymerisation still occurs at this temperatu® 
but owing to the “ flashing” of the gas the conditions did not ada 
of any quantitative determination of the relative amount of ga® 
affected ; it was, however, quite small, although there can be no doult 
that it would have been much larger had no “ flashing” occurred. 

The most important feature of the above experiment is the lit 
formation of methane, especially during the quiet decomposi! 
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Pressure which supervened after the “flashing” had subsided, and when the 
mm, atmosphere was rich in hydrogen. The fact that the final products 
Fe obtained after sixty minutes contained no less than 43 per cent. of 
72 methane is difficult to explain, except on the supposition of a direct 
a “hydrogenation” of CH residues, formed by the initial breaking 


down of acetylene molecules across the triple bond between the 
carbon atoms. 

(2) The above supposition was confirmed by a series of comparative 
experiments, in which mixtures corresponding with C,H,+3N, and 
sae (,H,+3H, respectively were kept in the hot tube at 800° for an 
his, 1°36 hour, and the percentage of methane in the products determined. 
pearly 26 The results of four different experiments with each mixture are given 


gen, thi below, and need no further comment : 
, that is, 


im. 


Percentage of methane found. 
a Mean. 


c 


‘ is ee ‘ ele Bile sexsscesence Os, -6:°06, 67, 50:2... 5°6E 
fe: Original mixture{ CH? gH Ee 26-75, 54 008 P Sasi 9736 
r, except (3) Some reference to the phenomenon of “flashing” may be 
rogen, it appropriately made in this connexion. Lewes claims for acetylene the 
e, so that peculiar property of what may be termed “ incandescent decomposition ” 
rher than at high temperatures, which he regards as the sole cause of the 
yas Wik luminosity of hydrocarbon flames. Haber, on the other hand, has 
;” but at denied that acetylene exhibits this property, except when mixed with 
cent. a small quantities of oxygen. So far as our own experiments are 
sults of 4 concerned, it should be stated that, whilst entirely dissenting from the 


acetylene theory of luminosity, which is not at present under dis- 
cussion, we agree with Lewes in regarding the luminous decomposition 
of acetylene at high temperatures as a property of the gas itself, and 
in no way dependent on the presence of oxygen. 

Experiments at Higher Temperatures.—The results of numerous 
experiments both at 1000° and 1100—1150° showed that the 
amount of polymerisation diminished, and the direct decomposition 
into carbon and hydrogen increased, as the temperature was raised, 
But, at the same time, considerable quantities of methane still 
appeared in the products, and it is significant that the maximum 
percentage of methane always nearly coincided with the disappearance 
of the last traces of acetylene. The large formation of methane, 
which greatly exceeded the equilibrium proportions at these tempera- 
tures, must be attributed to direct ‘hydrogenation ” of CH residues. 


The results of two typical series of experiments are recorded on page 
1224 
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Taste XIII. Temperature = 1000°. 


| Ds 1. 5 ( 
So, oS (Cole 13°85 1°85 nil 
o : = & & rr oP ; 2°05 0°35 nil 
Soe ea: eee 19°10 20°65 14°75 
DO REM isin: |, Ge 77°15 85°25 


Taste XIV. Temperature = 1120—1150°. 


Time (mins. ) a 5. 15. 75. 0 
Sue om @ (CH 10.0 0°3 pil nil ni 
Roeat se 
e2_e¢5s r H, 2°0 nil nil nil I 
eso2% | H, 16°0 21:3 16°] 7°75 3 
2 §~ 2 72°0 78°4 83°9 92°25 7 


Comparative Experiments on the Relative Amounts of Polymeris.tion 
at Different Temperatures. 


As it seemed desirable to estimate the relative amounts of 
polymerisation at different temperatures between 800° and 1150 
under conditions calculated to eliminate as far as possible the effects 
of “ flashing” already referred to, comparative experiments were made 
in the following manner. The porcelain tube of the apparatus was 
first of all heated to the desired temperature, and thoroughly 
exhausted. Acetylene was then admitted, and, as soon as the 
initial disturbance due to “flashing” had subsided, the pump was 
set working so as to draw a continuous stream of gas at a constant 
rate of about 4 litres per hour through the apparatus. In this way 
it was found that, except at the moment of the initial admission o 
the gas into the hot vacuous tube, no “flashing” occurred, the ga 
undergoing quiet decomposition as it passed through the zone of high 
temperature. Practically the whole of the acetylene was decomposed 
in each experiment ; the amounts of polymerisation observed, as well 
as the compositions of the gaseous products, are tabulated on p. 1225. 
Attention is directed to the large amounts of methane formed. 
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wt 


TABLE XV. 


Temperature 800°. 1000°. 1150°. 


v/v," 0°59. 0°66. 0°77. 


Percentage acetylene 


polymerised - = she 
1°35 1°55 nil 
0°45 2°60 nil 
0°50 nil nil 
34°20 36°00 23°45 
63°50 59°85 76°55 


* The ratio of the volume of the gaseous products to that of the original gas. 


These facts taken in conjunction with the results of the two 
circulation experiments at lower temperatures, indicate that the range 
of temperature most favourable to polymerisation lies between 600° 
and 700°, the tendency to this kind of change rapidly diminishes as 
the temperature is further raised. 

The investigation is being extended to the higher members of the 
paratlin and other series of hydrocarbons ; it is also our intention 
to examine further the conditions most favourable to the formation of 
naphthalene in these decompositions. 


“is ution 
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effects 
e made In conclusion we desire to express our indebtedness to the Govern- 
us Was ment Grant Committee of the Royal Society for repeated grants 


roughly towards the expenses of the research, and also to Dr. D. 8. Jerdan, 
as the for valuable aid during its initial stages. 
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) By Reeinatp WituiAm Everarr, B.Sc. 


SINCE a-phenylbenzylmethylallylammonium iodide was first resolved by 
Pope and Peachey (Trans., 1899, 75, 1127) into dextro- and levo- 
totatory forms in which the activity was due to the asymmetry of the 
quinquevalent nitrogen atom, a considerable number of substituted 
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ammonium iodides of the general type a bed NL, where a bed are 
different alkyl groups, have been similarly resolved into their optical 
isomerides and their physical constants measured and tabulated. 

In a paper by Miss M. B. Thomas and H., O. Jones (Trans., 1906, 
89, 280), the values of the rotatory powers of ten substituted am. 
monium iodides were determined. These compounds formed two sets 
of five, all owing their activity to an asymmetric nitrogen atom attached 
to four alkyl groups. One set consisted of compounds containing the 
phenyl, methyl, and benzyl groups together with one of the following 
groups: ethyl, - or iso-propyl, isobutyl, or tsoamyl. The other set 
differed in that the benzyl group was replaced by the allyl group. 

More recently, a third set has been added to these by Jones and Hill 
(Trans., 1908, 93, 295). This set consists of iodides containing the 
groups p-bromophenyl, methyl, and allyl together with one of the 
homologous groups: ethyl, - or iso-propyl, isobutyl, or tsoamyl. 

The results obtained were throughout discussed with reference to the 
application of Guye’s hypothesis to the quinquevalent nitrogen atom, 
but it was decided that further data were necessary before deciding 
how far the hypothesis applied thereto. 

The purpose of the present investigation was to provide further data 
and to render the above series more complete by preparing and resolv- 
ing certain of these compounds containing the n-butyl group, namely, 
phenylmethyl-n-butylallylammonium iodide, p-bromophenylmethyi-v- 
butylallylammonium iodide, and p-bromophenylbenzylmethyl]-n-butyl- 
ammonium iodide. The last of these was also required for comparison 
with the corresponding unbrominated compound resolved by Wedekind 
and Frihlich (Ber., 1907, 40, 1646). p-Bromophenylbenzylmethylally!. 
ammonium iodide was also prepared and resolved with a view to 
ascertaining its relation to the unbrominated analogue of Pope and 
Peachey already mentioned, and also to the remaining members of the 
group of brominated compounds already prepared. 

The results of this investigation and their relation to those previously 
obtained are summarised at the conclusion of this paper. The method 
used for the resolution of these compounds was that of Pope and 
Peachey, and consisted in fractional crystallisation of the d-camphor- 
sulphonate or d-bromocamphorsulphonate of the base from a suitable 
solvent. In one case, however, resolution was effected by use of 
d-tartaric and d-camphorie acids; the latter has not been previously 
used in thisconnexion. All measurements were made in a 2-dem. tube. 
In investigating the effect of temperature on the molecular rotatory 
power, the densities of the solutions used were taken as identical with 
those of water at the same temperature, whilst the values of (M)p for 
the acidic ions are those given by Thomas and Joues (Trans., 1906, 
89, 284 et seq.). 
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; 


are 
tical Phenylmethyl-n-butylallylammonium Lodide. 


Methyl-n-butylaniline was prepared in the manner already described 
by Wedekind and Frohlich (er., 1907, 40, 1646). The fraction 
collected boiled at 236—239°. 

Phenylmethyl-n-butylallylammonium iodide was prepared by mixing 
methyl-n-butylaniline and allyl iodide in molecular proportions. The 
mixture slowly deposited crystals, and at the end of sixteen hours 
was quite solid and crystalline. A portion was dissolved in hot alcohol 
and precipitated by the cautious addition of ether. After several 
repetitions of this procedure, the iodide was obtained in fine colourless 
needles melting at 80—81° if heated rapidly : 

0245 gave 01722 Agl. I[=37°98. 

C,,H,.NI requires [= 38°31 per cent. 
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ba tie Phenylmethyl-n-butylallylammonium d-camphorsulphonate was pre- 
pared by boiling equivalent quantities of phenylmethyl-n-butylallyl- 
ammonium iodide and silver d-camphorsulphonate with moist ethyl 
acetate. The silver salt was finely powdered and covered with ethyl 
r data acetate. ‘Two or three drops of water were added, and the whole heated 
vente to boiling in a small flask over the water-bath. The substituted 
amely, ammonium iodide was then added in successive smal] quantities, shaking 
ah well after each addition. The precipitated silver iodide was collected, 
peer and the filtrate evaporated as far as possible on the water-bath ; on 
waiea allowing the residue to stand in a vacuum over sulphuric acid for a 
Jekind few days, it became crystalline, although largely contaminated with 
ylallyl- metallic silver. Many attempts to recrystallise the salt were made ; 
‘ow to alcohol, acetone, ethyl acetate, ethylal, methylal, benzene, toluene, and 
pe and other solvents being used both alone and as mixtures. In every case 
“of the the camphorsulphonate separated from the solution as an oil, and a 
similar result followed when ether was added slowly to any of the 
viously above solutions. Hence the attempted resolution by this method was 
method abandoned. 


atom, 
ciding 


ype and Phenylmethyl-n-butylallylammonium d-bromocamphorsulphonate was 
ym phor- prepared in a similar manner from equivalent quantities of the iodide 
suitable and silver d-bromocamphorsulphonate. After evaporating the ethyl 
use of acetate, a dark viscid mass remained, which soon became crystalline on 
»viously standing in a desiccator. It was dissolved in hot acetone, but could 
m. tube. not be obtained crystalline from this solvent. When ether was 
rotatory cautiously added to its solution in ethyl acetate, crystals were slowly 
cal with (leposited, and, after two such recrystallisations, it was found possible 
M)p for ‘0 recrystallise it from hot acetone. 
s., 1906, The salt of the dextro-rotatory base was thus obtained in clusters 
of fine colourless needles melting, if heated rapidly, at 149—150°: 
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0:1825 gave 0°3731 CO, and 01174 H,O. C=55°73; H=7'14. 


C,,H,,O,NBrS requires C= 56°03 ; H=7-07 per cent. I 

The rotatory power gradually increased, and became constant after 
seven recrystallisations, 

After seven recrystallisations, 071326 gram dissolved in 13-905; £ 


grams of water gave a, 1°34° at 14°; hence [a], 70°3° and [M], BP* 
361°3°, 

After nine recrystallisations, 01264 gram in 11°1376 grams o¢ J“ 
water gave a, 1°59° at 14°; hence [a], 70° and [M], 359°8°. 

Hence the mean value for the basic ion at 14° is 85°6°. 

The effect of temperature change on the rotatory power of the 
solution of the bromocamphorsulphonate was also investigated, and as 


usual proved to be very slight. The solution used contained 0:1674 ’ 
gram of the salt in 16°2877 grams of water. » 
(M], BD al 
t. Gp. [a], [M]>. fer basic ion. me ds 
2 1°435° 69°81° 358°8 89°3° FF 
11 1°44 70-06 360°1 87°] ys 
20 1°445 70°33 361°5 84°5 ~ 84 
1°45 70°82 364°0 82°0 a 
1] 146 71°62 368°13 82-0 % 
50 1:47 72°36 371°9 80-9 th 
. ; a rar u 
d-Phenylmethyl-n-butylallylammonium iodide was precipitated fiom ? 
the aqueous solution of the bromocamphorsulphonate by the addition 
of solid potassium iodide. The iodide crystallised slowly in sinall 
prisms melting at 79—80°. After recrystallisation from cold alcohol 
and ether, the salt melted at 80°. A mixture of the active ani apr 
inactive iodides also melted at 80°. bab 
Determination of its rotatory power in alcohol gave the following 44 
results ; sti 
01692 gram in 13°2126 grams of alcohol (density of solution J se 
0°809) gave a, 0°66° at 15°; hence [a], 31°78° and [M],, 105:19°. re 
01846 gram in 12°0115 grams of alcohol (density of solution Ren 
= 0°81) gave a, 0°79° at 15°; hence [a], 31°72° and [M], 104:99°. mc 
5 ) I I 
The mean value is accordingly Ma, 105-09°. 4 
The active iodide was readily soluble in chloroform, and a deter- Jin 
mination of its rotatory power showed that it racemised rapidly in o 
this solvent. sol 
Thus 0°1316 gram of the iodide in 18°5623 grams of chloroform as 
(density of solution =1°486) gave, ten minutes after making up, by 
ap 0-72° at 14°; hence [a], 34:°17° and [M]» 113°1°. ma 
: : for 
After one hour, a, 053°, whence Lal» 25°15° and [M],, 83:25 - 
Or 
twohours,a, 0°38? [aly 18:03, [M], 59-68% a 
; 9 3 Th 
wale four on ay 0°21 al 7 *Q7° [\ 1] 33 : 
. ; 9 D the 
, six «Gy O10 a [a|p eve « [\ 1}; 15-7 
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At the end of nine hours, the solution was found to be inactive. 
By extrapolation from the curve, the value of [M], at the instant of 
making up the solution is 123°. 

A second determination in chloroform solution was made, 0-1579 
cram of iodide in 16°8748 grams of chloroform (density of solution 
= 1-49) gave, ten minutes after making up, a, 04° at 16°; hence 
[ap 33-94° and [M]p 112°1°. This solution likewise became inactive 


within nine hours of making up. 


p-Bromophenyl meth yl-n-butylallylammonium Lodide. 


p-Bromophenylmethyl-n-butylallylammonium iodide was prepared by 
mixing allyl iodide and p-bromophenylmethyl-n-butylamine in mole- 
cular proportions. The mixture gradually deposited crystals, and, 
after standing for twenty-four hours, it had completely solidified to a 
dark red mass. This was dried on a porous plate, and a portion 
dissolved in aleohol and reprecipitated with ether. It then melted at 
8i—86°. The melting point gradually rose as this process was 
repeated, and finally became constant after seven recrystallisations, 
the value then being 105—106°, and the iodide being obtained in 
pure white, crystalline needles : 


01827 gave 0:2732 CO, and 00878 H,O. C=40-78; H=5°33. 
C,,H,,N Brl requires C = 40°96 ; H = 5°17 per cent. 


p-Bromophenylmethyl-n-butylallylammonium-d-camphorsulphonate was 
prepared in the usual manner by boiling molecular quantities of the 
above iodide and silver d-camphorsulphonate with moist ethyl acetate. 
After the evaporation of the solvent, a clear gum was left. This, on 
standing in a desiccator, slowly became crystalline, but, although 
several specimens were prepared both from the crude and from the 
recrystallised iodide, only in one case was anything like satisfactory 
crystallisation attained, even when some specimens were kept for 
months in a vacuum over sulphuric acid. The final product was 
in each case a white mass, consisting of a small quantity of erystal- 
line matter mixed with a larger quantity of gummy material. All 
attempts to recrystallise the material failed, although all the usual 
solvents, alcohol, acetone, ethyl acetate, &e., were used, both alone and 
as mixtures. Attempts to precipitate the salt from its solutions 
by adding ether or light petroleum were likewise unsuccessful. In 
lmany cases traces of crystals formed, but the amount was too small 
lor investigation, and any attempt to increase the quantity by 
“oneentrating the solution led to the immediate deposition of an oil. 
This is particularly noticeable if ethyl acetate is cautiously added to 
the solution of the salt in benzene. The crystals deposited in this 
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case were shown to contain no silver, but the quantity was too smal 
for further investigation. 

p- Bromophenylmethy! — butylallylammonium d- bromocanphor 
sulphonate was prepared in a similar manner from molecular quantitis 
of the iodide and silver d-bromocamphorsulphonate. The behayioy 
of this substance was completely analogous to that of the camphor. 
sulphonate. It did not crystallise satisfactorily on standing, ayj 
if kept for long in a vacuum over sulphuric acid it evolved objection. 
able odours and seemed partly to decompose. Also, it was foun 
impossible to recrystallise it by any method, although traces ¢ 
crystals containing no silver were again obtained in one or two cass, 
In all the others an oil alone separated. 

Since it had been shown by Miss Homer (Proc. Camb. Phil. Sx, 
1907, 14, 196), and by H. O. Jones (Proc. Camb. Phil. Soc., 1907, 14 
376), that asymmetric nitrogen compounds can be resolved by means¢ 
tartaric acid, it was decided to try this method in the present case, 

p-Bromophenyl methyl-n-butylallylammonium hydrogen d-tartrate wis 
therefore prepared as follows. The iodide was treated in alcoholic 
solution with a slight excess of silver oxide, and the whole warmed 
and stirred. ‘The filtrate was allowed to run into an alcoholic solution 
containing the molecular quantity of d-tartaric acid. Instead ¢ 
evaporating the mixture as far as possible and then waiting for th 
tartrate to crystallise, the liquid was merely conceutrated wil 
it showed signs of cloudiness, <A little alcohol was added until the 
liquid was again clear, and then ether was added until it became jus 
turbid. The tartrate rapidly crystallised on standing, and wa 
recrystallised very easily from alcohol and ether. After four suci 
recrystallisations, a determination of the rotatory power was made: 


gram in 16°0582 grams of water at 15° gave a +008, 


= 


0-1938 | 
wheuce | a |, 24°03° and (M},, 103°68°. 

Taking [M],, for the ion C,H,O,H as 42°, from the results af 
Landolt on ammonium hydrogen tartrate, it is evident that the salt 
was resolving rapidly. Accordingly, recrystallisation by ‘he abort 
method was continued, the value for [M,] gradually increasing aul 
becoming constant after eleven recrystallisations. 

The salt was finally obtained in clusters of very sma] needle 
readily soluble in water or alcohol, but only sparingly so in acetot? 
It melts at about 115° to a cloudy liquid, which effervesces at l# 
and becomes clear. For analysis, the salt was dried over sulphur 
acid in a desiccator : 

0:1906 gave 0°3340 CO, and 0°1095 H,O. C=47°8; H=66. 

C,.H,,0,N Br requires C = 49°96 ; H= 6-07. 
C,.H,,0;N Br, H,O requires C = 47°97 ; H = 6°28 per cent. 
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0 stual] An attempt was made to estimate the percentage of water by 
eating the salt to 105°. The weight, however, decreased slowly, and 
‘comphor. he decrease continued indefinitely, showing that the tartrate decom- 
Lantitie ses at this temperature. A precisely similar case of a tartrate 
‘haviow $y etaining water of crystallisation in alcoholic solution has been 
‘umphor. exribed by Jones and Hill (Trans., 1908, 93, 298). 

ng, aud The following determinations of rotatory power were made: After 
»jection- leven reerystallisations, 02126 gram in 15°5070 grams of water at 
'S found HR) ¢ gave a, 0°86, whence [a], 31°36° and [M}],, 141°1°. 

races of After fourteen recrystallisations, 0°2599 gram in 16°5416 grams of 
0 cases, HP water at 15° gave a, 0°98, whence [a],, 31°19° and {M],, 140°4° 

ri 0:2528 gram in 15°7693 grams of water gave a, — U0'92° at 15°, whence 
hil, Se, HMM), 31-49 and [M], 141-79 

J07, 14 


The mean value is accordingly 141:1° at 15°. 
meansof 


(M), above is calculated for C,H, ),N Br, HO, which corresponds 
AB with (M], for C,,H,,0,N Br. 

—s Taking [M], for the ion C,H,O,H as 42°, from the results of 
Landolt on ammonium hydrogen tartrate, we get [MJ], for the basic 
jon C,H, BreCH,°C,H,°C,H,*N- as 98°. 

The effect of temperature change on the rotatory power of the 
olution of the tartrate was next investigated, and proved to be but 
will, The solution used contained 0°2305 gram of tartrate in 


alcoholic 
warmed 
solution 

stead d 

r for the 

Od until o 4 Ps . 3: ° om 
‘(8 15'1839 grams of water. The values for the acidic ion at different 

intil the P 

: temperatures are those given by Landolt : 

ame jus [M],, 


nd was t. ay. [a],,. {M],.. for basic ion. 
pur sued 2° 094° 30°98° 139°4° 986° 
12 0°925 30°48 137°2 95°8 
nade : 20 0-91 29°99 135-0 94°25 
0°58 30 0°89 29°33 132-0 89°7 
hii: 42 0°87 28-68 129°1 86°1 
50 0°86 28°3 127°5 84°0 
sults « The value of [M], for the salt is, of course, {[M], for the whole 
the sal olecule, including the water of crystallisation. 
16 abort p-Bromophenylmethyl-n-butylallylammonium iodide was slowly pre- 
sing al! Mietipitated in clusters of needles of some size when the solutions of the 
vove tartrate were rendered faintly alkaline with sodium carbonate 
needle, MMsolution and then treated with solid potassium iodide, 
acetole. Determination of its rotatory power in alcohol gave the following 


. at Il esults : 


sulphur 0:0993 gram in 9°1716 grams of alcohol (density of solution = 0°809) 


ave ay 049°, whence [a], 27°97° and [M], 114:7°. 
01035 gram in 12°8905 grams of alcohol (density of solution = 
S07) gave a, 0°36°, whence [a], 27°78° and [M], 113°9°. 


The mean value is accordingly 114°3° at 15°. 
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The active iodide is but sparingly soluble in chloroform. Deg. 
mination of its rotatory power in this solvent gave the followin, 
results : 

0-0786 gram in 16°7587 grams of chloroform (density of solution- 
1:492) gave apy 0°62°, whence [a ], 44°36° and [M], 181°9°. 

This measurement was taken at 14° twenty minutes after making w 
the solution. After one hour, a, 0°59°; after two hours, a, :53' 
after four hours, a, 0°45°; after six hours, ap 0°37°; after nine hous 
a, 0°25°. At the end of sixteen hours, the solution was inactive, 

0°1314 gram in 18°2003 grams of solvent (density of solution- 
1°495) gave a, 0°95°, whence [a], 44°01° and [M], 180°4°. 

This solution likewise became inactive within sixteen hours, 5; 
extrapolation from the curve, the value of [M], at the instant ¢ 
making up the solution is 187°9°. 

Since it had been shown that weak acids are available for th 
resolution of nitrogen compounds, it was decided, after the failur 
with d-camphorsulphonie and d-bromocamphorsulphonic acids, to ty 
d-camphorie acid in this case. 

p- Bromophenylmethyl - n-butylallylammonium d - Camphorate—A 
attempt to resolve the iodide by means of this compound was mait 
simultaneously with the above work on the tartrate. The camphoni 
was prepared by dissolving the iodide in alcohol and treating wit 
a slight excess of moist silver oxide, the whole being warmed aul 
agitated thoroughly. The mixture was then filtered into an alcohol 
solution containing the calculated molecular quantity of camphor 
acid. The resulting clear solution was evaporated, as far as possible 
on the water-bath, a milky liquid containing a little metallic sil 
being thus obtained. After standing for a few hours, a will 
granular solid was deposited in considerable quantity. This mi 
separated from the oily residue and dried on a porous plate. It wu 
crystallised by precipitation from its alcoholic solution by means 0! 
ether, when it separated in beautiful silky needles melting # 
147—148° : 

0°2183 gave 0°4772 CO, and 0°1521 H,O. C=59°64; H=774 

C,,H,,0,N Br requires C = 59°91 ; H=7'54 per cent. 

The rotatory power continued to decrease, and became constant afte 
eleven recrystallisations : 0°1523 grams in 16°7965 gram of water gat 
a, —0°13°, whence [a], -—7:17° and [M], —34°6°. After thirtes 
recrystallisations, 0°1224 gram in 16:1218 grams of water git 
ay, — 0°11°, whence [a], —7°24° and [M], —34°9°. 

01973 gram in 155198 grams of water gave a, —0°18°, whent 
[a], —7°08° and [M], -—34:1°. 

The mean value for the camphorate is accordingly 34°5°. The value 


~ 
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Deter. Aitof the acid camphorie ion C,,H,,0,H- has not previously been deter- 
‘lowing MM nined, and accordingly the sodium, potassium, and hydrogen camphor- 
ates were prepared by treating a known weight of the acid with an 
ution = quivalent amount of the base and making up the solution to a known 
weight. From these figures, the weights of acid camphorate and water 
king yp gEepresent are easily calculated, and hence [M], for the salt determined 
; 0-58. susual. In the case of the potassium hydrogen camphorate : 
» hea 10437 grams in 110°4835 grams of water gave ap 0°59°, whence 
ve, a} 25°93° and [ M ]p 61°7°. 
itn 12116 grams in 113-9712 grams of water gave a, 0°55°, whence 
a}, 25°87° and [M Jp 61°6°. 
nh In the case of the sodium hydrogen camphorate : 
tant ¢ 10858 gram in 101°1381 grams of water gave a, 059°, whence 


a] 27-48° and | M Jp 61°. 
for the Hence the mean value for the ion C,)H,,O,H- is 61:4° at 15—18°, 
nd consequently the mean value for the basic ion 
C,H,BrN-CH,°C,H,°C,H,N- 
s -(61°1°+34°5°) = —95°9°. 
The effect of temperature on the solution of the potassium hydro- 
en camphorate was examined, but, owing to the small temperature 


failure 
sy to try 


te. —An 
1S made 


iphoraie fMpeliect and the sparing solubility of the salts, which precluded the use 
ing wit feo! solutions stronger than the above, the results obtained were of 
aed ani little value, the differences produced over a range of 30° being within 


lcoholit fiebhe limits of experimental error. 


mphon The above result is of some importance, inasmuch as it is the first 
possible asion on which the resolution of one of these substituted ammonium 
ic silver ides has been accomplished by more than one method. Moreover, 


is the first occasion on which camphoric acid has been made use of 
this connexion. 


L white, 
‘his wii 
Tt wai 


neans p-Bromophenylbenzylmethyl-n-butylammonium Iodide. 


p-Bromophenylmethyl-n-butylamine was prepared by the interaction 
f molecular proportions of bromine and methyl-n-butylaniline in 


774. tic acid solution. The acetic acid was then evaporated over the 
ater-bath, and the gummy residue treated with aqueous potassium 
vnt afte BMBydroxide, The base separated as a dark heavy oil, and was collected, 
iter gave MPashed, and dried over solid potassium hydroxide. It was then dis- 
thirte HMPled, the fraction boiling at 177—181°/18—20 mm. being collected 
er gut Mmeparately, The amine was thus obtained as a pale yellow oil. 
t did not give a crystalline platinichloride when treated with 
, when RP “ULUM tetrachloride and hydrochloric acid, a few drops of oil alone 
ttling on standing, 
he vali b Bromophenyldimethyl-n-butylammonium iodide was prepared by 


1254 EVERATT: EFFECT OF CONSTITUTION ON THE 


mixing molecular proportions of the base and methyl iodide, 4 
yellow solid gradually crystallised, which, after recrystallisation frop 
aleohol and acetone, melted at 155—156° 
01723 gave 0:2353 CO, and 0-0782 H,0. C=37°26; H=5-05, 
C,.H,,N BrI requires C = 37 49 ; H=4°99 per pay 


The bromine in the amine is in the para-position, since, on heating 
the above iodide in a sealed tube with excess of methyl iodide, p-bron». 
phenyltrimethylammonium iodide, melting at 200°, was obtains 
the method being that of Hill (Proc. Camb. Phil. Soc., 1907, 14 
301). 

p- Bromophenylbenzylmethyl-n-butylammonium iodide was prepared \y 
mixing benzyl iodide and p-bromophenylmethyl-x-butylamine in mole 
cular proportions and allowing to stand. At the end of twenty hour, 
the mixture had become crystalline and semi-solid. A_ portion of the 
dark red mass was dissolved in hot alcohol, and precipitated \y 
the cautious addition of ether. The resulting product was brigit 
yellow, and melted indefinitely between 117° and 121°. After thre 
such recrystallisations, the iodide was obtained as a pure white, crys 
talline powder, melting at 135—136° if heated rapidly. Furthe 
recrystallisation did not affect the melting point : 

02357 gave 0°4524 CO, and 0°1089 H,O. C=52°34; H=514 


C,,H,,NBrI requires C=52 68; H=5-08 per eouk, 

p- Bromophenylbenzylmethyl-n-butylammonium — d-bromocamphorsuljh 
onate was prepared in the usual manner by the interaction of molecu 
proportions of the above iodide and silver d-bromocamphorsulphonat 
The iodide used in this preparation was not purified by previo 
recrystallisation. After evaporation of the solvent, a clear dark 1 
gum remained, which did not erystallise on standing for some mont 
Although several specimens of this substance were prepared, nut 
was ever obtained crystalline, or could be induced to crystallise ¥ 
any method. 

p- Bromophenylbenzyl methyl-n-butylammonium — d-camphorsulp'ou 
was therefore prepared similarly by the interaction of the iodide «a 
silver d-camphorsulphonate. The various specimens of this substan 
prepared, showed wide variation in their readiness to erystallise 
standing after the solvent had been removed. Some became “j* 
talline in a few minutes, whilst others did not, no matter how treated 
The latter slowly changed to green, amorphous, sticky masses witl! 
very unpleasant odour. The purity of the iodide was found greatly x 
influence the readiness to crystallise. The crystalline specimens & 

camphorsulphonate, whilst not crystallising from most solvents 
mixtures of such, were easily obtained in the crystalline form bf 
solution in a mixture of toluene and a little acetone, with subseqi® 


cone 
read 
addi 
sil ve 
heat 


U 


T 
beea 
A 
wate 
A 
wate 
0): 
whe 
H 
the 1 
TI 
solut 
was 
expe 
170 


p 
thea 
the | 
colle 
solid 
from 
activ 

De 


OPTICAL ACTIVITY OF NITROGEN COMPOUNDS. 1235 e 


concentration over sulphuric acid. The crystals so formed were 
readily recrystallised by solution in hot acetone and subsequent 
yidition of ether. As finally obtained, the salt formed beautiful 
silvery plates, very sparingly soluble in acetone, and melting, if 
heated rapidly, at 174—175° : 

reating 01730 gave 0°3762 CO, and 0°1081 H,O. C=59°31; H=6°94. 
brow. C,,H,,0,NBrS requires C = 59:53; H=6°80 per cent. 

tainel, The rotatory power gradually diminished on recrystallising, and 
7, 14] iccame constant after erystallising eight times as above. 

After eight recrystallisations, 0°1714 gram in 11:4952 grams of 
ared by HR water gave ay — 1°37° at 15°, whence [a], — 45°93° and [M],, — 259°. 
h Move After eleven recrystallisations, 0°1876 gram in 17-0068 grams of 
how’, HM water gave ay —1-01° at 15°, whence [a ],, — 45°78° and[M],, — 258-2°. 


of the ‘ ” =o 
; 02442 gram in 12°8178 grams of water gave a, —1°75° at 15° 
ted by © © » ? 


brictt whence [a], —45°90° and [M],, — 258°87°. 


three Hence the mean value for the camphorsulphonate is —258°7°, and 

e, crys fame the mean value for the basic ion —(258°7°+50°7°) = ~ 309-4° 

The effect of temperature change on the rotatory power of the 

solution of the camphorsulphonate was also investigated, and as usual 

7 was found to be comparatively small. The solution used in this 

experiment contained 0:°1876 gram of the camphorsulphonate in 

17-0068 grams of water. 

or sulle [M]» 

olecilar t. Gy. [a],,. [M]>. for basic ion. 

ee ee ee 


yrevious 20 0-99 44°94 253°4 305°0 

ark rel 30 0°97 44°14 248 °9 302°5 4 
40 0°95 43°37 244°6 500°2 

monies 50 0°93 42°65 240°5 298°1 

dj, nove 

ise be p-Bromophenylbenzylmethyl-n-butylammonium iodide was prepared by 


theaddition of a little solid potassium iodide to the aqueous solution of 
the camphorsulphonate. The iodide rapidly crystallised, and was 
collected, washed, and dried. It was thus obtained as a pure white 
‘lid, melting, if heated rapidly, at 137—138°. vecrystallisation 
from cold aleohol and ether left this unchanged ; a mixture of the 
active and inactive iodides melted at 134—135°. 

Determination of its rotatory power in alcoholic solution gave the 
following results ; 


2 my, 


01053 gram in 11:1501 grams of alcohol (density of solution 


ae a, -—1'18°.at 15°, whence [a], ~77°13° and (M], 
- 35948, 


ARSRY I rg: 2 ive ow gal 
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. 


"1172 gram in 13-2110 grams of alcohol (density of solution = 0-799) 
gave a,—1-09° at 14°, whence [a], — 76°89° and (M], — 353-7°. 
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Determination ‘of its rotatory power in chloroform solution gaye 
the following results : 


01145 gram in 17°95 grams of chloroform (density of solution 


=1°497) gave a, -1°92° ten minutes after making up, whence 
[a],, —100°5° and [M],, —462°3° ; after one hour, ay —1°32°; after 
two hours, a, —0°99°; after four hours, ag —0°51°; after six hours, 


a, —0°29°; after nine hours the solution was inactive. 

A second determination taken within ten minutes of making up 
the solution gave ay —1°46° for 00937 gram in 19°23 grams of 
chloroform (density of solution =1°495), whence [a], — 1°002° and 
[M], —460°9°. This solution also became inactive within nine 
hours. 

By extrapolation from the curve, the value of [MJ], at the instant 
of making up the solution is 481°5°. : 


p-Bromophenylbenzylmethylallylammonium Iodide. 


p-Bromophenylbenzylmethylamine was prepared by the interaction of 
molecular quantities of benzylmethylaniline and bromine in acetic 
acid solution. The acetic acid was then evaporated over the water- 
bath, and the base liberated as a dark oil from the gummy residue by 
the action of aqueous potassium hydroxide. This was washed and 
separated, but solidified almost immediately. It was accordingly 
dissolved in ether, and the solution dried over solid potassium 
hydroxide, the ether being then evaporated and the residue distilled. 
The fraction passing over at 218—220°/8—9 mm. was collected 
separately; it was nearly colourless, and crystallised slowly on 
standing. 

The base forms large, prismatic crystals, very soluble in ether, but 
insoluble in light petroleum. It is moderately soluble in alcohol, and 
is readily recrystallised from this solvent. The melting point is 
about 25°: 

03165 gave 0-707 CO, and 0:1420 H,O. C=60-92; H=4:99. 
02449 ,, 05465 CO, ,, 01105 H,O. C=60°86; H=5-01. 
C,,H,,N Br requires C= 60°83 ; H=5:12 per cent. 

The bromine in this amine is in the para-position, since, on heating 
it with methyl iodide in a sealed tube at 100°, p-bromophenyltri- 
methylammonium iodide, melting at 200°, is produced. ‘The amine 
does not yield a crystalline platinichloride on treatment with platinum 
tetrachloride and hydrochloric acid. 

p-Bromophenylbenzylmethylallylammonium iodide was prepared by 
mixing allyl iodide and p-bromophenylbenzylmethylamine in mole- 
cular proportions. On standing, a crystalline solid and a very viscous, 
dark red liquid formed. It was found impossible to solidify the liquid 
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by any means, and accordingly it was not used in any of the succeed- 
ing experiments. The solid form was dried on a porous plate in a 
vacuum, and a portion was recrystallised from hot alcohol by the 
cautious addition of ether. After two such reerystallisations, the 
melting point became constant at 133—154°, the iodide then being 
obtained in beautiful iridescent lamive : 

0:2103 gave 0°3527 CO, and 0-°0846 H,O. C=45°74; H=451. 

C,,H,)NBrl requires C = 45°94 ; H =4°32 per cent. 


p- Bromophenylbenzyl methylallylammonium d-bromocamphorsulphonate 
was prepared in the usual manner from molecular quantities of the 
silver salt and the substituted ammonium iodide. After evaporating 
the excess of solvent, the solid residue slowly became crystalline. 
It was found to be capable of recrystallisation if ether was very 
cautiously added to its acetone solution, The product so obtained 
was inclined to be somewhat indefinite in erystalline structure at 
first, but, afcer two or three recrystallisations, this was no longer the 
care. After five such recrystallisations, it melted at 137—138°, and a 
determivation of its rotatory power gave the following result : 

01414 gram in 13°2963 grams of water gave a, 0°91°, whence 
{a}, 42°78° and [M], 268-2°. 

The rotatory power of the bromocamphorsulphonate ion being about 
275°, it follows that slight resolution has occurred, the levo-form of the 
base separating. Tis result was confirmed by precipitating the sub- 
stituted ammonium iodide from the above solution by the addition of 
solid potassium iodide, when its solution in alcohol was found to be 
slightly levorotatory. 

p-Bromophenylbenzylmethylally/ammonium a-Camphorsulphonate.— 
Owing to the slow resolution of the bromocamphorsulphonate, the corre- 
sponding camphorsulphonate was prepared in a similar manner by the 
interaction of silver d-camphorsulphonate and the ammonium iodide. 
The residue, after the excess of solvent had been evaporated, crystailised 
rapidly. By adding light petroleum to its acetone solution and then 
slowly absorbing the acetone by means of sulphuric acid, it was easily 
recrystallised, and, after four repetitions of this process, a determination 
showed that resolution was effected far more rapidly than in the 
former case : 


01489 gram in 13-0188 grams of water at 15° gave a, - 0-04, 
whence [a,] — 1°735° and [M], - 9°5°. 


As resolution proceeded the solubility of the camphorsulphonate in 
wetone rapidly diminished, and a mixture of acetone and ethyl acetate 
was used as solvent. The use of alcohol instead of ethyl acetate in 
this connexion seemed to favour the separation of the dextro-form 
VoL. XCUIL 4.N 
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of the base, the value of [M], diminishing and becoming markedly 
positive. 
prAfter twenty recrystallisations from the above mixture, the 
rotatory power became constant, and the salt was obtained in needles 
melting at 169°: 
i“ tt 03725 CO, and 00999 H,O. C=58'76; H=6-42. 
»7H,,0,N BrS requires C =59- 08 ; H = 6°26 per cent. 


The following determinations of rotatory power were made : 

After twenty recrystallisations, 0°1819 gram in 12°231 grams of 
water at 16° gave a, — 076°, whence[a], —25°55° and [M], — 140-01°. 

After twenty-three recrystallisations, 0°1324 gram in 13°9716 
grams of water at 15° gave a, —0°49°, whence [a], —25°85° and 
{[M], —141°65° 

0:1774 gram in 12°7911 grams of water at 15° gave a, —0°71°, 
whence [a], — 25°59° and [M], — 140-2 

Hence the mean value for the basic ion at 15° is —(140°6° + 50 6°) = 
—191°13°. 

The effect of change of temperature on the rotatory power of the 
solution of the camphorsulphonate was next investigated, with the 
following results. The solution used contained 0°1791 gram of salt in 
16°9945 grams of water : 


[M],, 
t. ay. [a]. [M]p. for basic ion. 
2 -— 0°56 — 26°48° ~145'1 — 193°1° 
10 0°55 ss 142°5 192°0 
18 0°53 5°08 137°4 189 0 
31 0°50 2: 73 130°0 183°6 
40 0°49 33° 34 127°9 183°5 
50 0°47 22°49 123°2 180°8 


p-Bromophenylbenzylmethylallylammonium iodide was slowly precipi- 
tated from the aqueous solution of the camphorsulphonate by the 
addition of solid potassium iodide. The crystals separating were 
washed and dried, and then melted at 134—135°.  Recrystallisation 
from cold alcohol did not alter this, and a mixture of the active and 
inactive iodides melted at 134°. Determinations of its rotatory power 
were made in alcohol and in chloroform solutions: 


0°1246 gram in 10°4191 grams of alcohol at 15° (density of solution = 
0°81) gave a, — 1-04°, whence [a], —53°68° and [M], — 240°5°. 
0-0991 gram in 10°2236 grams of alcohol at 14° (density of solution = 
0°808) gave a, - 0°386°, whence [a],, —54°9° and [M],, — 243°7°. 
00912 gram in 17°3176 grams of chloroform at 15° gave 
(fifteen minutes after making up) a, — 1'12°, whence Ja]p —71°37° 
and [MJ], —316°9°; after one hour, ay —1°56°; after two hours, 
p — 1°3°; after three hours, ap —1°07° after four hours, a, -0°95°; 
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after six hours ap —0°78°; after nine hours, a, — 0°55°. At the expira- 
tion of twenty-four hours the solution was quite inactive. 

0°1424 gram in 16°8102 grams of chloroform at 15° (density of solu- 
tion = 1°496) gave ay ~—1°81° ten minutes after making up solution ; 
hence [a], — 72° and [M], -—319°7°. This solution was also quite in- 
active after standing for twenty-four hours. By extrapolation from the 
curve, the value of [M], at the instant of making up the solution 
was — 346°. 

The results obtained are summarised in the following table : 


Time 
required for 
M. p. of complete race- 
M. p. of = d-bromo- [M], of | [M], of [M], of misation of 
M. p. of © d-camphor- camphor- ion iodide —_—iodide in chloroform 


active iodide. sulphonate. sulphonate. at 15°. in alcohol. chloroform. solution. 
PhMe(C,H9)(C3H;)NI: 
80° — 149—150° =—s-856° 105°1° 123°0° 9 hours 


C,H Br*Me(C,H,)(CjH,)NI : 
126 o~ 980 1143 1879 16 ,, 


OH, Bre Me(C,Hy)(C;H,)NI : 
137 174—175° — . -—309°4 — 354°2 — 481°5 ae 


(,H,Br*Me(C,H,)(C,H,) NT: 
134—135 169 137—138 -191°1 — 242°1 —346°0 , 


In all cases previously recorded, the value of [M], for the iodide is 
greater in chloroform than in alcohol solution, and the former solution 
soon becomes inactive, owing to racemisation. This relation holds for 
the above compounds also. ‘The value of |M|],, for the iodide in 
alcohol is in each case greater than that of the basic ion in water ; 
again a relation to which practically no exception is known. 

The influence of temperature on the rotatory power of the ion in 
aqueous solution is uniform and of the usual linear type, the diagrams 
obtained being in every way similar to those previously published 
(/oc. cit.). As usual, the effect is comparatively slight, being greatest 
by far in the case of the allyl member of the brominated series, where 
it is about 15 per cent. The melting point of the resolved iodide and 
of the inactive compound were in each case practically identical, and 
both compounds showed the usual property of melting at a tempera- 
ture appreciably below their true melting point if heated slowly. 

The following table brings out the chief relationships observed 
between the values of [MJ], for the ions containing the groups 


mentioned : 
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n-Butyl. isoButyl. 
Allyl. Benzyl. “ Allyl. —_ Benzyl, 
Phenylmethyl _............ 85°6° 253°0° 55° 323° 


(Wedekind) (Thomas (Thomas 


and Jones) and Jones) 


p-Bromophenylmethy] ... 98°0 309°4 96 — 
(Thomas 
and Jones) 
Phenylbenzylmethylallyl ....... . 166° (Pope and Peachey) 
p-Bromopheny Ibenzylmethylallyl pan 191°1 


It will be seen from this that the relation found in the allyl series 
by Jones and Hill (Trans., 1908, 93, 295 e¢ seq.), that the brominated 
compound has a higher molecular rotatory power than the correspond- 
ing unbrominated compound, holds good in all the above cases. In 
the case of the corresponding n-butyl and isobutyl compounds, no 
general relation is shown. In one of the above cases, the values are 
nearly identical, whilst in the remaining two cases they differ widely. 

The compounds deszribed in this paper show, however, one marked 
difference from the majority of those previously examined. It has 
been stated above that the solution of the active iodide in chloroform 
rapidly becomes inactive owing to racemisation. The time required 
for complete loss of optical activity is usually, at least, thirty-six to 
forty-eight hours, and sometimes considerably more. The n-butyl 
compounds require far less time than this, as will be seen from the 
table. Only one case of similar rapidity has been previously noted, 
namely, ¢phenylbenzylmethylisobutylammonium iodide, which re- 
quires only seven hours. The p-btomopheaylbenzylmethylallyl- 
ammonium iodide is also more rapid than usual, requiring only twenty- 
four hours for complete racemisation. 

The relation between the values of the molecular rotatory powers 
of the ions and the values of the product of asymmetry for the 
asymmetric nitrogen atom or ion may now be discussed. 

The formula for the product of asymmetry, p”, in terms of the 
molecular weights or “‘masses”’ of the four alkyl groups a, 8, ¢, d 
producing asymmetry has been shown (Thomas and Jones, loc. cit., 
308) to be: 

p’ =\(a+d) — (b+c)}{(a +b) — (e+ d)}(a — c)(b - a) 


(a+b+e4+d)* 
whilst it has been pointed out that there are three possible values of 
p, corresponding to the three possible configurations : 
«——d a@r——1¢ a-— 


| II. 
a * <n la Pr 


In the case of the phenylmethyl-n-butylallylammonium iodide, the 
values are as below, those of the corresponding isobutyl and »-propy! 
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compounds being appended for purposes of comparison. The values 
are those given by Thomas and Jones (/oc, cit.) : 


Phenylmethylallyl Series : a =C,H,(77), b= CH,(15), e=CH,(91). 


[M]o I. Il. ITI. 
for basic ion. =p” x 10°, p’ x 103, op” x 10°. 
PARED oie ccassccacne 85°6° * +0°54° +0°11° + 2°73° 
PONTE, sa. csccsree 106°5 — 0°59 — 0°44 -0°5 
Fe | nee 55-0 + 0°54 +0°11 +2°73 


To the p-bromophenylmethylallyl series (Trans, 1908, 93, 308) 
the n-butyl and benzyl members have been added : 


a=C,H,Br(156), 6 = CH,(15), e=C,H,(41). 


(M]> r, Il. Ill. 
for basic ion. p” « 10°, p”’ x 10°. p” x 103. 
PMD Saacsasss ctrasscas 98°) ; : = aide 
a heten te 96 f ~ se “2 +o 
We TOD aces tancsr sane 141 + 9°48 +8°4 +1°3 


The benzyl member may, however, be more appropriately compared 
with the values of Pope and Peachey’s similar, but unbrominated, 
analogue (Trans., 1899, 75, 1127) : 


a=O(,H, or C,H,Br, = CH,, ¢=C,H,, d=C,H,. 


[M], I. II. III. 
for basic ion. pg" x 10". p” x 10". p”’ x 10°. 
Brominated ......... 191°1° -7'73 0°71 +14°6 
Unbrominated ...... 167°C — 0°07 + 4°87 —1°66 


In the case of p-bromophenylmethyl-n-butylallylammonium iodide, 
the only available comparison is with Wedekind’s similar, but un- 
brominated, compound : 


a =(C,H,Br or C,H,, 6=CH,, c= C,H, d=C,H,. 


[M], 5. Il. IIT. 
for basic ion. — pp” x 10°" px 108, px Ie, 
Brominated ......... 309°4° — 2°92 +8°67 — 0°66 
Unbrominated ..... 252-0 — 0°26 + 2°46 -171 


A glance at the above. figures suffices to show that there is no 
simple relation between the values of p” and | M],, for the ion. By no 
arbitrary assumption as to the configuration to be assigned to given 
compounds can this difficulty be overcome. The only approach to 
regularity lies in the last two tables above, where the value of [M], 
for the ion is greater for the brominated than for the unbrominated 
compound, whilst the value of p” is also greater if we assign to both 
compounds configuration I or III in the first table and I or II in the 
second table. 
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The almost identical values of the n- and iso-butyl compounds of the 
p-bromophenylmethylallyl series is worthy of note. A similar case js 
found in the »- and tso-propyl compounds of the corresponding 
unbrominated series. 
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kind interest and advice throughout this investigation. 
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CXIX.—Acids as Accelerators in the Acetylation of 
Amino-groups. 
By Avice Emity Smiru and Kennepy Josepy PRrevité Orton. 


D1-o-SUBSTITUTED anilines are notoriously difficult to monoacetylate by 
means of acetic anhydride if the two ortho-placed atoms or groups are 
of negative character. Remmers (Ber., 1874, 7, 350), who investi- 
gated systematically the effect of the constitution of the aniline on 
the rapidity and readiness of acetylation, ascertained that of negative 
substituents the nitro-group more effectually prevents acetylation 
than the halogens. Boiling or heating these anilines under pressure 
with acetic anhydride leads to the formation of a di-, but not of 
a mono-acetyl derivative (Remmers, loc. cit. ; Ulffers and von Janson, 
Ber., 1894, 27, 93; Sudborough, Trans., 1901, 79, 532; Orton, 
Trans., 1902, 81, 495). 

The rapid formation of the diacetyl derivative cannot, as has been 
suggested, be regarded as due to the direct action of the anhydride on 
the aniline, thus : 


CO-CH, CO-CH 
NH, + OS60-CH? = Ar NQ0.cH: + H,O, 


for the monoacetyl aahiation is just as easily converted into the 
diacetyl compound as the aniline ; moreover, in the treatment of the 
aniline with the anhydride, the monoacetyl derivative can always be 
recognised in the early stages of the acetylation. Sudborough’s view 
that the readiness of diacetylation is conditioned by the stability of 
an acetate formed from the monoacetyl derivative and the acetic 
anhydride is not open to the same objection. 

When the di-o-substituted aniline has two or more methyl (or alkyl) 
grvups as substituents in the nucleus (xylenes, y-cumene, &e.), one of 
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which groups is in juxtaposition to the amino-group, acetylation 
is normal. 

We have made the observation that the acetylation of such di-o- 
substituted anilines (for example, s-tribromoaniline) by acetic anhydr- 
ide is enormously accelerated by strong acids. Hydrochloric, sulphuric, 
perchloric, and trichloroacetic acids have been used as catalysts. 
Nitrie and chromic acids behave exceptionally, the former producing 
a nitroaminobenzene (Orton, Trans., 1902, 81, 490, 860), and the 
latter acting as an oxidising agent. * 

The effect of the acid as an accelerator is made obvious by the 
following experiment. A solution of oné gram of s-tribromoaniline in 
20 c.c. of acetic anhydride was kept for a fortnight at the ordinary 
temperature. The solid was then precipitated by addition of warm 
water ; it melted at 119°, the melting point of the pure aniline. A 
similar solution was treated with two drops of concentrated sulphuric 
acid (about 1 gram-molecular proportion), the mixture being kept at 
the ordinary temperature ; at the end of ten minutes, it was poured 
into warm water; the solid which separated melted at 231°, the 
melting point of s-tribromoacetanilide being 232° (corr.). 

The acetylation also takes place, but not so rapidly, if the pro- 
portion of acetic anhydride is reduced and the mixture diluted with 
glacial acetic acid.t 

Experiment.—One gram of s-tribromoaniline was dissolved in a 
mixture of 40 ¢.c. of glacial acetic acid and 4°5 c.c. (15 gram-molecular 
proportions) of acetic anhydride to which 0°16 ¢.c. (1 gram-molecular 
proportion) of sulphuric acid (96 per cent.) was added, The mixture 
. Was maintained at the ordinary temperature. At the end of ten 
minutes, 91 per cent., and at the end of twenty minutes 98—99 per 
cent., of the aniline was found to be acetylated. The composition of 
the mixture was determined by estimation of the bromine.{ 


* 


Since nitrie acid and acetic anhydride convert the aniline into a nitroamine, 
Ar'NH, + HO*NO,=Ar*NH*NO,+H.0, it might have been anticipated that 
anilides of sulphuric, for example, Ar*N H*SO,H, or of perchloric acid, Ar*NH°*C10,, 
would be produced. No indication of the presence of such substances was detected. 
+ The commercial acetic anhydride (puriss.) was found to contain traces of sulphate 
and chloride, which were removed by careful distillation. The acetic acid used by 
us was fractionated, and then melted at 16°1°. Hence it contained 0°3 per cent. of 
water. 

t When in a mixture of s-tribromoaniline and s-tribromoacetanilide both sub- 
stances are present in considerable proportion, separation is exceedingly difficult to 
bring about by recrystallisation from the usual solvents. It is possible, however, to 
extract the anilide from the mixture by addition of 10 per cent, of sodium hydroxide 
to a suspension of the solid in alcohol. ‘The anilide entirely dissolves, and, if the 
liquid is sufficiently diluted with water, no aniline remains in solution in the dilute 
alcohol. If any diacetyl derivative, which is, of course, insoluble in the alkali, be 
present, it remains mixed with the aniline (compare Orton, Trans., 1902, 81, 495.) 
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Inasmuch as acetic anhydride is without action on s-tribromoaniline 
at the ordinary temperature and yet at the boiling point converts the 
aniline into the diacetyl derivative, trials have been made with acetic 
anhydride at temperatures varying between 70° and 100°, and with 
mixtures of acetic acid and anhydride at these temperatures and at 
their boiling point. In all cases, a slow acetylation took place. 

Experiment.—(1) A solution of 1 gram of the aniline in 20 c.c. of the 
anhydride was heated at 75°; after two hours, the product contained 
25 to 30 per cent. of anilide. More ‘prolonged heating showed 
that conversion of the mono- into the di-acetyl derivative followed 
hard on the formation of the’ former ; the melting point of the product 
rose to a maximum at 192° in three hours, and then gradually fell 
until the melting point of the pure diacetyl derivative (125°) was 
reached (see p. 1246). 

(2) A solution of 1 gram of the aniline in a mixture of 15 c.c. 
of acetic anhydride and 20 ¢.c. of acetic acid was boiled in a reflux 
apparatus, After six and a-half hours, some 50 per cent. of the 
aniline was converted into the monoacetyl derivative ; after forty- 
eight hours, the transformation was complete ; after ninety-six hours’ 
boiling, no further change, namely, that of the mono- into the di-acety] 
derivative, was detected. 

Other anilines with like substituents, for example, 2 : 6-dibromo-4- 
nitro- and 2:4-dibromo-6-nitro anilines, behave generally in the 
same way as 2:4: 6-tribromoaniline. They are not only acetylated by 
acetic anhydride extremely slowly at 100°, but are converted in some 
cases with even greater readiness than the s-tribromoaniline into 


diacetyl derivatives when boiled with this reagent. In the presence , 


of mineral acids,they form monoacetyl derivatives with great rapidity. 

The result is very different when anilines of other constitution are 
treated in the manner described in the foregoing. The acetylation of 
an aniline in which only one ortho-position is occupied by a negative 
group is an extremely rapid process. When, for example, a solution 
of 0:5 gram of 2: 4-dibromoaniline in 45 ¢.c. of glacial acetic acid to 
which 1°25 e.c. (64 gram-molecular proportions) of acetic anhydride 
was added, was kept for five minutes at the ordinary temperature and 
then poured into boiling tvater, a quantitative yield of the correspond- 
ing anilide (m. p. 144°) was obtained. The addition of mineral acid 
depresses the speed of acetylation. 

Thus, on addition of 2-gram-molecular proportions of hydrochloric 
acid to the mixture, the presence of the anilide in the product can only 
just be detected (by fractional precipitation of the solution by water) 
at the end of five minutes; in an hour, however, acetylation was 
complete. 
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A series of experiments on the acetylation of aniline demonstrate 
the inhibiting effect of acid on the speed of acetylation. 


Percentage 


Glacial Sulphuric of aniline 
Aniline. acetic acid. Acetic anhydride. acid. Anilide. acetylated. 
A. 1 gram 20 c.c. 10 c.c. (9 gr.-mol.) 0 1°34 gr, 92 
} on is ‘ 1 gr.-mol. PSs 85:7 
i ‘ 3°3e.¢c. (3 gr.-mol.) 0 129 .,, 88°6 
ea 9s AS 1 gr.-mol. O53. 29°5 


The four mixtures were kept for one and a-half hours at 10°, then 
poured into 35 c.c. of warm water, and the liquid, which was placed in a 
shallow glass dish, was evaporated at the ordinary temperature by draw- 
ing rapidly over it a current of air. The anilide, which separated in 
large crystals, was collected and weighed. In experiment A, the 
acetylation of the aniline, which was shown in other experiments to be 
complete in a few minutes, was probably quantitative, the solubility of 
the anilide in the dilute acetic acid accounting for the deficiency of 
8 per cent. A comparison of A with B, and C with D, brings out 
very clearly the reduction of the rate of acetylation by the mineral 
acid. 

Effect of the Nature of the Acid.—In testing the effect of acids other 
than sulphuric, difficulties arise, on the one hand, owing to the low 
solubility of the acid in the acetic acid or anhydride, and, on the 
other, in the preparation of the acids in a highly concentrated form. 
Nitric and chromic acids, which offer less difficulty in these respects, 
behave, as previously stated, exceptionally ; the acceleration of acetyl- 
ation is masked by other reactions, although traces of the acetyl 
derivative can be detected with each acid. 

We have been able, however, to demonstrate satisfactorily the 
accelerating effect of hydrochloric, perchloric, and trichloroacetic 
acids. 

A solution of 0°5 gram of s-tribromoaniline in 10 e.c. of acetic 
anhydride to which was added 0:15 c.c. of a 37 per cent. solution of 
hydrochloric acid (1 gram-molecular proportion) was kept for one and 
a-half hours, and then poured into warm water. s-Tribromoacetanilide, 
which separated, melted at 227—229°, instead of at 232°. As hydro- 
chlorie acid is all but insoluble in acetic anhydride, the concentration 
of the acid, owing to its obvious escape from the solution, must have 
fallen below the initial value. 

Experiments carried out in acetic acid solution, in which hydro- 
chloric acid is somewhat more soluble, led to a similar result. The 
aniline and anhydride were in the molecular ratio of 1:15, 2 gram- 
molecules of the hydrochloric acid being present. 

Perchloric acid was used in the form of a 5N-solution. In one 
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experiment, one gram of s-tribromoaniline dissolved in 38 c.c. of acetic 
acid (98 per cent.) was treated with 5°45 c.c, (18°2 gram-molecular 
proportions) of acetic anhydride and 0°6 c.c, (1 gram-molecular propor. 
tion) of 5.V (50°25 per cent.) perchloric acid. The mixture was kept 
for half an hour at the ordinary temperature, and then poured into 
warm water. The solid material thus obtained, which was a mixture 
of s-tribromo-aniline and -acetanilide, contained 50 per cent. of the 
latter. 

Trichloroacetic acid accelerated the acetylation, but in a far less 
pronounced manner than the other acids which were tested. In an 
experiment similar to that just described, only 20 per cent. of the 
anilide was produced after twenty hours at the ordinary temperature, 


Formation of Diacetylanilides, 


The formation of diacetyl derivatives is aided by the presence of an 
acid, but in nothing like the same degree as that of the monoacety| 
derivatives. 

A solution of 0-2 gram of s-tribromoaniline in 20 c.c. of acetic 
anhydride, to which 0°25 gram-molecular proportion of sulphuric acid 
was added, contained only the monoacetyl derivative after ten minutes, 
After remaining for three hours at the ordinary temperature, the forma- 
tion of the diacetanilide was distinctly shown by the depression of the 
melting point from 231° (the melting point of the monoacetyl deriv- 
ative) to 192—213°, but only after forty-eight hours was the diacetyl- 
ation complete. 

If, on the other hand, this mixture, containing the monoacetyl 
derivative and the sulphuric acid, was maintained at 70—80°, instead 
of at the ordinary temperature, a quantitative conversion into 
the diacetyl derivative was brought about in one hour. That the 
elevation of temperature alone is not the cause of this rapid production 
of the diacetyl derivative is shown by the fact that only after seven 
hours’ heating of a solution of the monoacetanilide in acetic anhydride 
at 7T0—80° is some 70 per cent, of the diacetanilide formed. 

At the ordinary temperature, no change was detected in a solution 
of the acetanilide in acetic anhydride after a long period. The mixture 
of acetic anhydride and acetic acid used by us (p. 1249), as the experi- 
ments described in the foregoing demonstrate, will not carry the 
acetylation further than the formation of the monoacety] derivative. 

The speed of diacetylation is markedly dependent on the constitution 
of the aniline. For example, when a nitro-group replaces the para- 
placed bromine atom, as in 2:6-dibromo-4-nitroaniline, mono- 
acetylation in acetic anhydride solution is complete in five minutes in 
the presence of a quarter or even one-thirteenth gram-molecular pro- 
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portion of sulphuric acid. This is all the more remarkable, as the 
solubility of this aniline is such that on using 20 c.c. of anhydride for 
0:5 gram of aniline, the major part of the base remains in suspension. 
If the aniline is sufficiently finely divided, it dissolves very rapidly, the 
anilide partly separating. When the larger proportion of sulphuric 
acid is used, the formation of the diacetyl derivative follows quickly 
on that of the monoacetyl compound. In half an hour, the melting 
point of the solid product falls far below that of the acetanilide, and 
after two hours is that of the pure diacetyl derivative. 


Acetylation of Phenols. 


According to Skraup (Monatsh., 1898, 19, 458), the acceleration of 
acetylation of hydroxy-groups by sulphuric acid appears to have been 
first observed and put into practice in the acetylation of cellulose, &c., 
by Franchimont (Compt. rend., 1879, 89, 711). ‘This chemist used the 
acid as an alternative to zine chloride and similar reagents, and 
seemed to regard it as a dehydrating agent. This view, however, 
is untenable in the light of Skraup’s results. The latter ascertained 
that mere traces of sulphuric acid had a very powerful effect on 
the acetylation of various hydroxy-compounds by acetic anhydride. 
Later, Freyss (Bull. Soc. Ind. Mulhouse, 1899, 44) tested the use 
of sulphuric acid in the acetylation of phenols, aldehydes, and amino- 
phenols, &e, Thiele’s preparation (Zer., 1898, 31, 1249) of acetyl 
derivatives of quinols by treatment of the corresponding quinones 
with acetic anhydride and sulphuric acid can scarcely be regarded as 
a reaction of the same type. 

To test the effect of different acids, we have chosen s-tribromophenol, 
which yields an acetyl derivative (m. p. 82°), easily isolated and 
weighed. In the presence of (0°25 gram-molecular proportion of 
sulphuric acid, a solution of the phenol in a mixture of acetic acid and 
acetic anhydride (50 per cent.), kept at the ordinary temperature, 
contains only acetate after half an hour. On replacing the sulphuric 
acid by perchloric acid, acetylation is equally rapid. In the absence of 
acid, the phenol is unchanged after twenty-four hours. Nitrie acid 
reacts with the phenol, bromine being eliminated, whilst hydrochloric 
and trichloroacetic acids scarcely produce an appreciable effect, 


Part Played by the Acid. 


In our experiments, we have demonstrated that many acids, not only 
sulphuric acid, are accelerators of acetylation.* For this effect to 


* In D.R.-P. 147033, a method of acetylating phenylglycine-o-carboxylic acid by 
saturating a solution in acetic anhydride with dry hydrogen chloride is described, 
The reaction appears to be ascribed to the formation of acetyl chloride. 
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appear in the case of amines, our results show it to be essential that 
the amino-group should possess very little power of combining with 
acids to form ammonium salts. The speed of acetylation of the more 
hasic anilines is lowered, not raised, by acids. When the amino-group 
is between two ortho-placed (negative) groups, its combining power 
with acids is, as is well known, greatly reduced, partly possibly 
on account of the negative character of these groups, and partly 
by virtue of a steric effect. Moreover, such an amino-group reacts 
very tardily with acetylating agents, such as acetic anhydride or 
acety! chloride. Hence the specific accelerating action of the 
acid has an opportunity of making itself felt, and is no longer 
masked either by the conversion of the amino-group into the 
ammonium compound, which at the same time removes the acid, or by 
the too rapid action of the amiuo-group with the acetic anhydride. 

It is not easy at present to state with precision what is the part 
played by the acid. Thiele and Winter (Annalen, 1900, 311, 341) 
are of the opinion that in the acetylation of hydroxy-groups, an 
anhydride of sulphuric acid and acetic acid, CH,*CO-O-SO,H, is first 
formed, which then reacts with the hydroxy-group. This substance was 
thought by Franchimont to be present in solutions of sulphuric acid 
in acetic anhydride, and to become converted into a sulphonic deriy- 
ative of acetic acid, which he isolated. 

The peculiar behaviour of nitric acid may be accounted for in this 
way. The anhydride formed thus: 

; a 60>>0 + HO-NO, = CH,-CO,-NO, + CH,-CO,H 
might react with the aniline according to one of the equations : 

Ar-NH, + CH,-CO,"NO, = Ar-NH°NO, + CH,°CO,H 
or 

Ar-NH, + CH,°CO,-NO, = Ar-NH-CO-CH, + HNO,. 

As a fact, the acetanilide forms a very small fraction of the product, 
whereas in the case of sulphuric acid the reaction is mainly, if not 
entirely, Ar>-NH, +CH,°CO,°SO,H = Ar-NH-CO-CH, + H,SO,. The 
feeble effect of hydrochloric acid may also be due to a reluctance to 
form an anhydride, which is in this case acetyl chloride. 

If the cause of the acceleration is to be found in a union of the acid 
and anhydride, it may be suggested that the complex is not a definite 


3 . CH,°CO H 
anhydride, but rather of the nature of an oxonium salt, CH, 8 OQ? OX: 


On such a view less difference would be expected between the various 
acids than on the hypothesis that the formation of an anhydride is 
the first step. 

The presence of an acid has another effect, which probably plays 
an important part when the acetylation is carried out in acetic acid 


th 
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solution, that is, in greatly accelerating the interaction of water and 
the anhydride. In this way, the small quantities of water present in 
the acetic acid, or in the acid added as catalyst, are removed, and 
hence the reverse reaction, the hydrolysis of the anilide, is rendered 
impossible. 

The effect of variation of the proportion of the acid on the rate of 
acetylation of amives and phenols, and a study of the dypamics of the 
reaction, are under investigation. The preliminary experiments in- 
dicate that the speed of acetylation is proportional to the square of 
the concentration of the acid, that is, doubling the concentration of 
the acid quadruples the velocity. 


Preparation of the Monoacetyl Derivatives of Di-ortho-substituted 
Anilines. 


Most anilines with two negative groups, such as the halogens and 
the nitro-group, in the ortho-position with respect to the amino-group 
can be quantitatively converted into their monoacetyl derivatives by 
the following procedure. 

One gram of the aniline is dissolved in 40 e.c. of glacial acetic acid 
(98—100 per cent.), or in some cases when the aniline is very in- 
soluble it is suspended in this quantity of solvent. Acetic anhydride 
is next added to the mixture; we have generally used 15 gram-mole- 
cular proportions of acetic anhydride to one gram-molecular proportion 
of aniline, that is, from about 4—6 c.c. of acetic anhydride for one gram 
of aniline, according to the molecular weight of the aniline. 0°08 c.c. 
(about four drops) of concentrated sulphuric acid is then introduced, 
and the mixture kept at the ordinary temperature for forty minutes 
toan hour. It is then poured into 100 c.c. of warm water, whereupon 
the anilide immediately separates. Increase of the acetic anhydride 
hastens the acetylation, but there is danger in some cases, if too large 
an excess of acetic anhydride is present, of the production of the 
diacetyl derivative. 

We have found this method well adapted to the preparation of the 
monoacetyl derivatives of 2:4:6-tribromoaniline and other similar 
s-trihalogen anilines, for 2 : 6-dichloro- and 2 : 6-dibromo-4-nitroanilines, 
for 2: 4-dichloro-6-nitroaniline, and for 3-bromo-5-nitro-p-toluidine. 
2:6-Dibromoaniline appears to be somewhat exceptional, and is 
acetylated only if the proportion of anhydride is considerably higher 
than that given above. We have prepared the monoacetyl derivative 
by dissolving the aniline in acetic anhydride and adding the usual 
proportion of sulphuric acid. The acetylation was complete in two 
hours. 
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Preparation of Diacetyl Derivatives. 


The di-o-substituted anilines just mentioned all form diacety] 
derivatives with ease in the presence of mineral acid when the mixture 
of aniline and acetic anhydride is not diluted with acetic acid, but the 
rapidity of the reaction depends considerably on the constitution of 
the aniline. For example, 2 : 6-dibromo-p-nitroaniline yields a diacety] 
derivative more readily than s-tribromoaniline. 

s-T'ribromodiacetanilide.—This compound can be easily prepared in 
the following manner: 1 gram of s-tribromoaniline is dissolved in 
40 c.c. of acetic anhydride to which 0°08 c.c. sulphuric acid (} gram- 
molecular proportion) has been added. The mixture is placed on the 
water-bath (70—80°) for one hour, and then poured into 100 cc. of 
warm water, whereupon the diacetyl derivative crystallises out in tke 
pure state. 

2 : 6-Dichloro-4-nitroacetanilide. — One gram of the aniline is 
suspended in 40 c.c. of acetic anhydride to which 0°08 c.c. of 
sulphuric acid has been added. The aniline passes into solution, the 
colour disappearing very rapidly. After remaining for two hours at 
the ordinary temperature, the mixture is poured into warm water. 
The diacetanilide separates directly in a nearly pure state, melting at 
138° instead of 140°. 


The Acetylation of Heptabromo-p-hydroxydiphenylamine (s-Tribromo- 
phenyl-2' : 3’: 5' : 6'-tetrabromo-4-hydroxyphenylamine). 


In our investigation of the hydroxydiphenylamines (this vol., p. 314), 
we were unable to prepare the acetyl derivatives by heating the 
compounds with acetic anhydride and sodium acetate in the ordinary 
way. We find, however, that the monoacetyl derivatives, in which the 
acetyl group has replaced the hydrogen of the hydroxy-group, can be 
very easily obtained when a trace of sulphuric acid is added to the 
anhydride instead of the sodium acetate. 

05 Gram of heptabromohydroxydiphenylamine is suspended in 
50 c.c, of acetic anhydride to which 0°1 ¢.c. of sulphuric acid has been 
added. The mixture is warmed for fifteen minutes on the water-bath, 
when the compound completely dissolves. On cooling, the acetate 
separates in small, colourless, granular crystals, melting at 193°. The 
insolubility in warm alcoholic sodium hydroxide showed that the com- 
pound no longer contains a hydroxyl group : 

0°1212 gave 0°20435 AgBr. Br=71°74. 

C,,H,O,N Br. requires Br =71°78 per cent. 
Universiry CoLLeEGE or Norru WALEs, > 
3ANGOR. 
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CXX.—The Hydrolysis of Amygdalin by Emulsin. 
Part I. 
By 8S. J. Manson Avutp, Ph.D. 


Enzymes do, not, as a general rule, occur singly, and it is frequently a 
matter of difficulty to isolate them from the mixture. The influence 
of these enzymes on one another has not yet been made the subject of 
much investigation, and it seems within the range of possibility 
that the presence of other enzymes may have a distinct effect on the 
action (compare Henry and Auld, Proc. Roy. Soc., 1905, 76, B, 568). 
It is a matter of concern, therefore, that it has been just those 
ferments occurring with numerous others that have been employed for 
the study of enzymic action. Maltase, diastase, zymase, and lipase are 
all examples of this. It is also the case that many of these enzymes 
occur in numerous forms, and their source must of necessity be 
regarded as a factor both in their action and their examination. The 
maltase of yeast, of malt, and of germinating Indian corn (Ber., 1895, 
28, 1050) are very decidedly different in many respects, and a whole 
series of diastases is known, 

For these reasons it seemed desirable to extend the investigation of 
enzymic action to emulsin, which, so far as we know, can be readily 
obtained in a state of “ purity,” that is, un.aixed with other ferments. 
Further, only three distinct types of emuisin have been described, 
namely, the ordinary emulsin of sweet and bitter almonds, Prunus 
amygdalus var. dulcis and Prunus amygdalus var. amara, the emulsin 
of Aspergillus niger, to which Hérissey (Recherches sur |’ Emulsin, 
Thése, Paris, 1899) ascribes a special action, particularly in the rate 
of its decomposition of arbutin, and an emulsin associated with phaseo- 
lunatin (linamarin) in young flax plants and seeds and in Phaseolus 
lunatus beans. The latter enzyme was stated by Jorissen and Hairs 
(Bull. Acad. roy. Belg., 1891, 21, 518) to decompose both amygdalin 
and linamarin, whilst the emulsin of sweet almonds was without action 
on the latter. It has been shown, however, that Jorissen and Hairs’ 
emulsin is probably a mixture of ordinary emulsin with a maltase-like 
ferment, which causes the decomposition of phaseolunatin. It is 
possible, also, that Heérissey’s aspergillus emulsin is identical with 
that of almonds, the evidence to the contrary being rather un- 
satisfactory, 

A third fact renders the investigation of emulsin action necessary 
and advantageous; on Fischer’s system of relating enzyme action to 
configuration, emulsin is the ferment which alone decomposes the 
B-glucosides, and in this way is complementary to maltase, which only 
attacks the a-isomerides. 
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The hydrolytic action of emulsin has rot been the subject of much 
investigation. One or two old and practically valueless publications 
exist (compare Marckwort and Hiifner, J. pr. Chem., 1875, [ii], 11, 
202), and the only work of any importance on the subject is that of 
Tammann (Zeitsch. physiol. Chem., 1892, 16, 271), who examined the 
action of emulsin at the same time as that of invertase and diastase, 
Although generally regarded as a valuable investigation, it contains, 
even in the small part devoted to emulsin, numerous inaccuracies, 
some of which will be referred to and discussed later. It must also 
be remembered that, at the time of the investigation, the law of mass 
was supposed to govern the course of enzyme action. 

It was decided to study the action of emulsin principally with 
regard to its hydrolysis of amygdalin, the glucoside with which it is 
chietly associated in the vegetable kingdom. Amygdalin and emulsin 
are co-existent, for example, in the seeds of Prunus amygdalus, and on 
macerating these with water the enzyme hydrolyses amygdalin with 
the production of one molecule each of benzaldehyde and hydrocyanic 
acid and two molecules of dextrose : 


C,,H,,0,,N + 2H,0 = C,H,-CHO + HON + 20,H,,0,. 


The “ Emulsin” of Flax, and the Enzymes of Phaseolus lunatus and 
Manihot utilissima. 


As previously mentioned, Jorissen and Hairs isolated a glucoside, 
linamario, from germinating flax seeds, which they found to be 
unacted on by the emulsin of almonds. Co-existent with the glucoside, 
however, was found an enzyme which, besides hydrolysing linamarin, 
also decomposes amygdalin and salicin. Up to the present, the general 
view has been to attribute these different decompositions to the same 
ferment, and consequently to assume the existence of a special form of 
emulsin (see Oppenheimer, Die Fermente, p. 215). It has lately 
been shown that the cyanogenetic glucosides of flax, Linum usitatis- 
simum, and of sweet and bitter cassava, Manihot utilissima and Manihot 
aipii, are identical with phaseolunatin obtained from Phaseolus lunatus 
beans (Dunstan, Henry, and Auld, Proc. Roy. Soc., 1906, 78, B, 
145, 152). It was first stated (Dunstan and Henry, Proc. Roy. Soc., 
1903, 72, 285) that phaseolunatin is hydrolysed by emulsin, but it 
has now been shown that this is not the case, although the enzyme 
accompanying phaseolunatin also decomposes the naturally-occwrring 
A-glucosides (Dunstan, Henry, and Auld, Proc. Roy. Soc., 1997, 79, 
BL, 315), Similar observations were made with regard to the glucoside 
and enzyme of cassava. It has been further shown that in decom- 


posing phaseolunatin, the enzymes associated with it in the various 


AMYGDALIN BY EMULSIN. PART I. 1253 


plants act as maltase-like ferments, and in similarly decomposing 
amygdalin, &c., as emulsin-like ferments. 

As it was thought that the ferments were probably mixtures, 
attempts were made to decide the question experimentally. It will be 
seen by a reference to tables ILL. and LV. that the hydrolysis of the 
B-glucosides proceeds much more slowly than that of phaseolunatin. 
The case is, in fact, almost exactly analogous to that of the maltase 
contained in extract of malt. It has been shown by Marino and Fioren- 
tino (Gazzelta, 1906, 36, ii, 395) that this enzyme decomposes both 
a-glucosides, for example, maltase and a-methylglucoside, and £-gluco- 
sides, like amygdalin, salicin, &c. This dual action is ascribed to the 
same enzyme. It is probable that the maltase decomposition may be 
regarded as the primary action, and the emulsin-like hydrolysis as 
secondary. As the action of phaseolunatase * might be explained in a 
similar manner, it was thought advisable to test it from this point 
of view. 
Experiments were first made to determine whether a difference 
between the optimum temperatures of the actions on amygdalin and 
phaseolunatin could be observed, but very inconclusive results were 
obtained, and the attempt was eventually abandoned. The optima of 
both actions seemed to be between 40° and 50°. 

[t has been observed, in general, that the maltase ferments are more 
delicate than emulsin, and particularly more sensitive towards heat 
when in the dissolved state. Lintner and Kriber (Ber., 1895, 28 
1050) have shown, for example, that yeast maltase is destroyed at 
56°, whereas emulsin retains a portion of its activity after being 
heated for some time at 70° (Henry and Auld, Joc. cit.). It was 
thought possible, therefore, that if the action of phaseolunatase is due 
to two distinct enzymes, they might behave differently towards heat. 
This has actually been realised experimentally. By carefully heating 
the enzyme solution and observing the relative rates of decomposition 
of amygdalin and phaseolunatin, it has been possible to prove that the 
activity towards the latter glucoside is destroyed before that which 
causes the decomposition of the £-glucosides. This can readily be 
seen by reference to table V. In the present state of our knowledge 
of the enzymes, it is quite justifiable to conclude from these results 
that phaseolunatase contains two distinct enzymes, and these may 
be designated the a- and B-enzymes, corresponding with their activity 
towards a- and f-glucosides. This is preferable to naming them 
maltase and emulsin respectively, for, although the former enzyme 
decomposes maltase and a-methylglucoside, the action in both cases is 
very slow and limited. The highest decompositions of a-methyl- 
* The term ‘ phaseolunatase ” is used to represent the mixtures of enzymes in the 
three plant species without regard to their dual activity. 
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glucoside were obtained by employing a simple aqueous extract of 
white (cultivated) Phaseolus lunatus beans containing no cyanogenetic 
glucoside, obtained by macerating the meal with 12 volumes of water 
mixed with toluene. Fifty c.c. of this solution, added to 10 c.c. of a 
3 per cent. solution of the glucoside, and kept at 40° for thirty hours, 
caused a decomposition of 9°38 per cent. 


The Dynamics of the Hydrolysis of Amygdalin by Emulsin. 


The dynamical study of an enzymic hydrolysis differs to a certain 
extent from that of an ordinary chemical reaction, principally because 
the products of change eventually exert a decided influence on the 
character of the hydrolyst. This action being very slight at the 
commencement of the hydrolysis of amygdalin by emulsin, the 
measurements of the velocity of reaction have been carried out, 
as far as possible, over short periods in the initial stages of the 
reaction. 

Influence of the Concentration of Emulsin.—The effect of changing 
the concentration of emulsin on its action on amygdalin has been 
studied by Marckwort and Hiifner (loc. cit.), who added emulsin 
dissolved in glycerol to a solution of amygdalin and estimated the 
amount of glucoside decomposed after fifteen minutes. Their results 
are, however, practically worthless. 

Tammann (/oc. cit.) has also investigated the effect of increasing the 
quantity of emulsin in studying its action on salicin. Here, however, 
he followed the action by means of the polarimeter, and in consequence 
his results have no absolute value, owing to the fact that the rotatory 
power of a mixture of salicin and dextrose is not directly proportional 
to the amount of those substances present in solution. He finds, in 
accord with the previous workers, that the amount of salicin hydrolysed 
increases with the concentration of the enzyme, but apparently does 
not find any definite relationship between the emulsin present and 
the velocity of reaction. 

By measuring only the initial velocities induced by varying 
quantities of emulsin in separate solutions, and thus avoiding any 
complications due to secondary action of the decomposition products, 
it has been found that with small concentrations of the enzyme the 
velocity of hydrolysis is proportional to the concentration of emulsin. 
As the concentration is increased this relationship ceases, and 
eventually a further increase in the quantity of emulsin present 
produces no corresponding increase in velocity. Taking the formula, 
VY, /C 
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the concentrations C, and C,, the following values of “n” may be 
calculated from the results given in table VI: 


ALL: n. VV. n. 
1. a/b 0-610 0-96 4. dje 0-731 1°23 
2. ble 0°699 0-96 5. eff 0-791 1:32 
3. c/d 0°700 102 6. J/g 0'896 1:36 


In the above table, n=1 for moderate concentrations of enzyme, 
but increases considerably with increase of concentration. This 
agrees to a certain extent with the observations of EK. F, Armstrong 
(Proc. Roy. Soc., 1904, 73, 500) on the decomposition of lactose by 
kefir lactase. Slator (Trans., 1906, 89, {131) obtained a constant 
value m=1 for alcoholic fermentation by live yeast, but Herzog 
(Zeitsch. physiol. Chem., 1902, 37, 149) with “zymin” (yeast con- 
served with acetone) found n=2, and Euler (ibid., 1905, 44, 53) 
with yeast juice obtained values for x varying from 1°29—1°67. 

Influence of the Concentration of Amygdalin.—O’Sullivan and 
Tompson (‘Trans., 1890, 57, 865) studied the course of the reaction of 
invertase on sucrose, and came to the conclusion that the course of 
enzymic hydrolysis follows the law of mass action, and that, like the 
erresponding inversion by acids, it may be expressed by the equation 


for unimolecular reactions : loge” = kt. It was first definitely shown 
t 


by Adrian Brown (Trans., 1902, 81, 373) that these conclusions 
cannot be supported, ; Working also with invertase, Brown found that 
the values‘ of & calculated from the above equation gradually 
increased instead of remaining constant. About the same time, 
Victor Henri (Compt. rend., 1901, 133, 891) formulated an empirical 
law to represent the course of inversion by enzymes, and arrived at 


the conclusion that the expression 2kt = a was valid, 
a-@ 


In the case of invertase, Adrian Brown and Horace Brown and 
Glendinning (Trans., 1902, 81, 388) showed that, when the con- 
centration of the hydrolyte is great compared with that of the 
enzyme, the decomposition is a linear function of the time, but changes 
to the logarithmic law in dilute solutions. This has been realised 
for other enzyme actions by different workers, particularly by 
E. F. Armstrong (Proc. Roy. Soc., 1904, 73, 500, 516, 526 ; 74, 188, 
195) for the sucroclastic enzymes. 

It has now been shown that for emulsin, also, the velocity of 
reaction is independent of the concentration of amygdalin when the 
latter is present in large excess (table VII). Thus a constant 
quantity, and not a constant fraction, of amygdalin is hydrolysed in 
unit time, Larger quantities of amygdalin begin to produce a 
retarding effect on the action. 

402 
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These results throw no light on the course of hydrolysis when the 
concentration of the amygdalin is allowed to change owing to the 
latter being consumed in the reaction, and when outside influences, 
such as the presence of the products of change, are brought into con- 
sideration. If, now, the experiments quoted in table VII are criteria 
of the velocity of hydrolysis throughout the reaction, the curve 
obtained by combination of time and hydrolytic activity should be a 
straight line. This, however, is not the case, for, although the 
velocity constants calculated from the equation k= Hog ae 

a@-@ 
increase continually, the actual velocity decreases very considerably 
towards the end of the reaction, despite the fact that the hydrolysis 
does not approach completion. This may be seen from table VIII, 
which also, from the values of k, proves definitely that the hydrolysis 
does not follow the law of mass action. In the above expression, « 
represents the quantity of amygdalin originally present, and « the 
quantity decomposed after a time ¢. The non-constancy of the values 
of k cannot be due to an action in the reverse direction, for this would 
tend to decrease k, which actually increases during the course of 
action. 

It was shown by Horace Brown and Glendinning (loc. cit.) for the 
diastatic fermentation of starch that the hydrolysis proceeded in two 
stages. In the first stage at the beginning of the reaction the 
decomposition was a linear function of the time, but later it actually 
followed the logarithmic law. ‘The results obtained with emulsin may 
be interpreted in a similar manner. Up to a decomposition of nearly 
50 per cent., equal amounts are hydrolysed in equal times. From this 
point onwards, ) decreases steadily. The results were accordingly 
recalculated from the ninety minutes’ decomposition, and the values of 
k found corresponding with this time as t=0 and the decomposition 
asa@=1. Some of the numbers obtained are quoted in table X, aud 
from the constancy of the values of & it would appear that the emulsin 
action also falls into two phases, a linear and a logarithmic, both 
more or less distinct from each other, The linear phase extends over 
a very considerable portion of the hydrolysis. 

It is worthy of note that, although most of the enzymes have been 
shown to act apparently independently of the law of mass action, 
Fokin (J. Russ. Phys. Chem. Soc., 1905, 38, 858) has quite recently 
asserted that the action of lipase, obtained, for example, from the 
seeds of Chelidonium majus, proceeds “like other catalytic actions, in 
accordance with Wilhelmy’s logarithmic law.’ The mass of evidence 
being against such a view of enzymic action, it seems desirable that 
Fokin’s results should be re-examined and the question of the 
procedure of lipoclastic action settled. 
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The fact that the latter part of the hydrolysis of amygdalin by 
emulsin proceeds according to the logarithmic law, might be explained 
by supposing that the shape of the curve of the action is merely 
fortuitous and due to partial destruction of the enzyme. Inhibition 
of the action by the products of change might also produce a certain 
constancy in the values of k. It has been proved for invertase by 
Adrian Brown, however, that where the concentration of enzyme is 
large compared with that of hydrolyte, the normal course of the 
hydrolysis obeys the law of mass action. The constancy of the 
recalculated k values might therefore be explained by assuming that 
the concentration of amygdalin had become sufficiently small to cause 
this second stage of the reaction. It was decided therefore to 
investigate the hydrolysis in dilute amygdalin solutions in the hope 
that this logarithmic stage would be actually realised. 
The great difficulty in such experiments was to obtain a sutflicient 
dilution without causing the reaction to proceed so quickly that it 
could not be followed quantitatively. Numerous experiments were 
carried out under varying conditions, and it was eventually found 
possible to trace the logarithmic phase of the hydrolysis (table X). 
The generally accepted explanation of the fact that the velocity of 
enzyme hydrolysis is independent of the concentration of hydrolyte is 
the assumption that a compound is produced by interaction of enzyme 
and substance. If the compound thus formed lasts for an appreciable 
time, it will follow that, assuming the enzyme to be completely 
regenerated, alteration of the concentration of hydrolyte will have no 
effect, and equal amounts of the latter will be decomposed in equal 
times. Only when the concentration of the substance under examina- 
tion becomes so small that a quantity of the enzyme remains uncom- 
bined will it have any effect on the course of hydrolysis. The results 
obtained with emulsin and amygdalin are completely in accord with 
this theory. It follows, for instance, that the quantity of enzyme, 
being completely combined with the hydrolyte, is a measure of the 
amount of compound formed, and therefore of the velocity of 
reaction, An increase in the quantity of enzyme should show a 
proportional increase in the rate of hydrolysis. This is, of course, 
actually the case, although other workers have obtained results not so 
easily explained. Herzog (/oc. cit.), for instance, showed that the 
velocity of alcoholic fermentation is proportional to the square of the 
concentration of zymase. As pointed out by Slator (oc. cit.), how- 
ever, the constancy of k in Herzog’s results is probably due to 
partial decomposition of the enzyme. Fokin’s results may possibly be 
explained in a similar manner, for lipase, as is well known, is a 
particularly sensitive enzyme. 
Retardation of the Hydrolysis.—Enzyme action, in general, is capable 
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of inhibition by a large number of agents, and it has been in the study 
of the effect of retarding agents that any insight into their structure 
and action has been obtained. 

Inhibition of enzyme hydrolysis may be caused in three ways: 
(a) By destruction of the enzyme; generally by coagulation through 
the action of substances of acid or basie character, sometimes by salts, 
and always by heat. (6) By combination of the enzyme with substances 
other than the hydrolyte. (c) By reverse action. 

In the natural course of hydrolysis, only the last two come into 
consideration, and (c) only to a very small extent. 

Retardation Caused by the Products of Reaction.—In the enzyme 
hydrolyses already studied, it has been shown that the products of 
reaction are the principal factors in causing the reaction to cease, and 
that by removal of these products the action will proceed to a finish 
(Tammann, Joc. cit.). 

The retardation caused by the products of the reaction of the 
hydrolysis of amygdalin by emulsin, namely, benzaldehyde, hydro- 
cyanic acid, and dextrose, has been investigated by the addition of 
known quantities of these substances, both alone and together, to the 
reacting mixture and observing the change in the velocity of reaction. 
The results obtained are, on the whole, in agreement with some less 
comprehensive experiments carried out by Tammann in the same 
direction. Benzaldehyde and hydrocyanic acid have, it would appear, 
greater retarding effect on the action than dextrose, but here the 
results differ from those of Tammann, who attributed a stronger 
inhibiting action to hydrocyanic acid than to benzaldehyde. From 
tables XI, XII, and XIII this would not seem to be the case, and the 
values obtained are more in agreement with the views of Jacobson 
(Zeitsch. physiol. Chem., 1892, 16, 367) and Marino and Fiorentino 
(Gazzetta, 1906, 36, ii, 395), who contend that the action of emulsin is 
not affected by the presence of hydrocyanic acid. This, however, is 
also only partly correct, as hydrocyanic acid exerts a distinct retarding 
action. 

It is impossible, of course, to draw any relationship between the 
retardation caused by benzaldehyde, hydrocyanic acid, and dextrose 
and the fact that they are products of reaction. The dextrose probably 
inhibits in this, as in other cases, by recombination with the enzyme to 
form complex carbohydrates, and the hydrocyanic acid will retard the 
action as a weak acid (see later). The behaviour of the benzaldehyde 
cannot be explained in the same manner. It seems, however, to be, in 
itself, a “ poison” towards enzyme action. As is well known, phenol 
is generally without action on enzyme activity, and is frequently used 
for sterilising purposes. Salicylaldehyde, however, at once inhibits 
enzyme action, and has been used for this purpose in cases where it was 
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necessary to stop the hydrolysis at a certain point (E. F. Armstrong, 
Trans,, 1903, 83, 1305). To the CHO group therefore must be 
ascribed “ enzymicidic”’ properties, and benzaldehyde would naturally 
belong to this class. That this is actually the case may be seen from 
the following experiment carried out with invertase and sucrose. To 
two flasks containing 1:5 grams of sucrose dissolved in 15 c.c. of 
water were added 5 c.c. of a 1 per cent. solution of an invertase 
preparation, and in one of the flasks was placed three drops of 
benzaldehyde. After three-quarters of an hour at 31°, the respective 
amounts of sugar inverted as determined polarimetrically were found 
to be 51°0 and 39°6 per cent. 

Inhibition of the Hydrolysis by Acids and Bases.—The action of acids 
on the activity of enzymes has been the subject of a considerable 
amount of investigation, but, unfortunately, the results obtained differ 
very considerably among themselves, even when obtained under 
apparently similar conditions. It is thus almost impossible to 
formulate a general law, and even for specific enzymes an agreement 
as to the effect of acids has been arrived at only in one or two cases. 
It can, of course, be said definitely that strong acids destroy enzyme 
activity, but we are here only concerned with low concentrations. 

With regard to emulsin, the only experiments on record are those 
of Jacobson (loc. cit.), who investigated the property of various 
ferments of destroying hydrogen peroxide catalytically with evolution 
of oxygen. No quantitative experiments are on record, however, 
on the specific action of emulsin when influenced by dilute acids. 
Jacobson’s results on the catalytic activity of emulsin are of interest 
in that they show that hydrochloric acid has no accelerating effect on 
the action even in dilute solutions. 

In studying the “poisonous” effect of acids on the emulsin 
hydrolysis, dilute solutions of sulphuric, hydrochloric, acetic, and lactic 
acids were employed. The results obtained are given in tables XVI, 
XVI, XVIIT, and XIX. 

The inhibiting effect of alkalis (potassium hydroxide and sodium 
hydrogen carbonate) has also been investigated, and the results are set 
forth in tables XX, XXI and XXII. 

In its behaviour towards acids and alkalis, emulsin acts in a 
peculiar manner, distinct from the generally understood behaviour of 
most of the other unorganised ferments. In the first place, it would 
appear that the optimum action of emulsin does not lie in acid or 
alkaline solution, as is the case with the majority of enzymes. True, 
hydrocyanie acid in very small quantities has a slight accelerating 
effect on the action, but this increase in activity is not comparable, for 
example, with the effect of acid solutions on peptic proteolysis. Emulsin 
seems therefore to possess its optimum activity in neutral solution. 
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Of far greater importance is the fact elucidated that during their 
gradual inhibition of the power of emulsic hydrolysis, mineral acids 
and alkalis only partly destroy the activity, and that a neutralisation 
by alkalis or acids restores or reactivates the enzyme to a large extent. 
Senter (/oc. cit.) has found that the inhibiting action of acids on 
hzmase is proportional to the concentration of the hydrogen ions, 
and from his results concludes that the enzyme is a weak base, 
ilere, however, we have distinct primary evidence that emulsin is 
capable of combining with both acids and bases to form salts, from 
which it may be recovered in the usual way. The enzyme would thus 
appear to be at the same time both acid and base, and is in fact 
amphoteric in character. That neither of the functions is very strong 
is obvious from the fact that salt formation only takes place to a 
limited extent with the weaker acids and bases. 

The possibility of enzymic salt formation at once raises the question 
of the nature of enzymes, and especially whether the ferments them- 
selves are material substances, and capable of actual salt formation. 
Unless this is the case, one must assume that the energy centres of 
which the enzyme is composed are bound up so intimately with their 
material substrata that chemical reactions involving the latter 
produce absolutely corresponding effects on the former. In either 
case it must be concluded from these experiments that the activity 
of enzymes is more intimately bound up with the molecule of the 
protein compounds with which they are invariably associated, than 
has hitherto been generally supposed. The protein molecule itself is 
both acid and basic in character, and the addition of small quantities 
of acids and alkalis consequently causes protein salt formation. If, 
however, the acid or alkali is present in somewhat higher concen- 
tration, the structure of the protein is completely altered and acid- 
albumins and alkali-albuminates are produced. From these com- 
pounds, the protein cannot be regenerated. The connexion with 
enzyme activity seems obvious: we have first of all with strong 
acids and alkulis of low concentrations, salt formation in the protein 
molecule, and a corresponding paralysis of the enzyme. Higher 
concentrations of hydrogen and hydroxyl ions produce the acid- 
albumins and alkali-albuminates, and destroy the enzyme activity. 

Considering the dependence of the activity of emulsin on the 
presence of basic and acidic groups, and the fact that the glucosides 
hydrolysed contain no corresponding groups for attachment, that 
is, that the compound of enzyme and hydrolyte is probably not of the 
nature of a salt, it is probable that the catalytic activity is bound up 
with a combination involving a dynamic change in the enzyme 
molecule, such as would be expressed, for example, in a cyclic 
transformation of amino-acid into acid amide. Such a view of the 
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hydrolysis must, however, be reconciled with the fact that emulsin 
js essentially specific in its action and only decomposes glucosides 
which contain the B-lactonic grouping in the sugar residue. It is 
well known, however, that the protein molecule also contains carbo- 
hydrate groupings (compare Blumenthal and Mayer, Ber., 1899, 32, 
274), and it is not difficult to imagine combination of enzyme and 
hydrolyte only taking place when both contain the same or com- 
plementary similarly constructed sugar molecules. Such a view 
would be a literal fulfilment of Fischer’s “lock and key” aspect of 
enzyme hydrolysis. 

Extent of the Hydrolysis.—The hydrolysis of amygdalin by emulsin 
is not complete. This fact was first recognised by Liebig, who 
believed that the reaction proceeded only so long as the benzaldehyde 
produced dissolved in the water. This, of course, is not the case. 
Tammann (doe. cit.) also showed that the action is not finished, but 
his results differ from one another very considerably. Thus, although, 
in other parts of the paper, decompositions of amygdalin as high as 
80 per cent. are implied, in the set of experiments devoted to the 
effect of increasing the quantity of emulsin at 40° a maximum 
decomposition of only 60 per cent. is obtained. 

Quite recently, and after this research was well advanced, Caldwell 
and Courtauld (Trans., 1907, 91, 670) repeated Tammann’s experi- 
ments, and calculated the amount of change by observation of the 
rotatory power and by estimation of the benzaldehyde produced. 
They found that the maximum hydrolysis after sixty-seven and ninety 
hours amounted to 98°2 and 98°5 per cent. respectively. From 
estimations of the hydrocyanic acid produced, however, only 86:1 
per cent. of the amygdalin appeared to be decomposed. Indeed, lower 
figures were invariably obtained from the hydrocyanic acid than 
from the benzaldehyde or rotatory power. No explanation of this 
deficiency is given, although such a deficiency is apparently to be 
ascribed to the hydrolysis of all cyanogenetic glucosides. 

Employing the method described later for the estimation of hydro- 
cyanic acid, no difficulty was experienced in obtaining much more pro- 
found decompositions of amygdalin calculated from a hydrocyanic acid 
basis than those described either by Tammanon or Caldwell and 
Courtauld. Referring to table VIII, it will be seen that a decompo- 
sition of 93°3 per cent. is recorded in only twenty-two hours. In other 
cases, where the decomposition was measured over twenty-four hours 
and larger quantities of emulsin used, 97:0 per cent. of the amygdalin 
was found to be hydrolysed, but this was the maximum decomposition 
observed. It is suggested that Caldwell and Courtauld’s results are 
somewhat high, as by carefully removing the hydrocyanic acid from 
alkaline solution with ferrous and ferric hydroxides and then esti- 
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mating the benzaldehyde by Ripper’s method (Zeitsch. anal. Chem, 
1902, 41, 61), values have been obtained agreeing approximately with 
those from the hydrocyanic acid estimation. In some cases, indeed, they 
were slightly lower. The results obtained are given in table XXIII, 

The Equilibrium, Reversibility.—Although the amount of glucoside 
remaining undecomposed (say 2 per cent.) falls far short of that 
claimed by Tammann, it is still sufficient to cause an assumption of 
equilibrium, an equilibrium which that author claims to be dependent 
on temperature. 

Tammann himself tested the synthetic action of emulsin by placing 
glucose, hydrocyanic acid, and benzaldehyde on his tongue together 
with some emulsin, and awaiting the bitter taste of amygdalin. He 
failed to obtain any indication of reversible action by this means, 
however, which is scarcely surprising. No further experiments in this 
direction are on record, although Emmerling (Ber., 1901, 34, 3810) 
has succeeded in synthesising amygdalin from mandelonitrile glucoside 
by the aid of maltase. An extensive series of experiments was there- 
fore set on foot to test the synthetic action of emulsin as an explana- 
tion of incompletion of the hydrolysis of amygdalin. The experiments 
were of two classes, namely, those where the amount of reacting sub- 
stances present was measured from time to time, and that where an 
attempt was made after a considerable period to isolate amygdalin 
Both series were wholly unsuccessful, and no account of the experi- 
ments need be given here, 

Effect of Temperature on the Hydrolysis —Temperature has a very 
marked effect on the velocity of all fermentation processes. The 
velocity of reaction is generally very small at low temperatures, and 
gradually increases to a point known as the optimwm temperature of 
the ferment, from which point onward it again decreases until the 
ferment is completely destroyed by the heat action. 

Tammann states that the temperature has a great effect on the 
amount of amygdalin decomposed by emulsin, that is, on the end point 
of the action, and uses this as a main argument against the incom- 
pletion of the process being a chemical equilibrium. His views will 
apparently not bear investigation, however, as will be seen by con- 
trasting his results with those quoted in table XXIII. The highest 
decompositions during the hydrolysis of salicin and amygdalin by 
emulsin. were obtained between 45° and 50°, and, as previously men- 
tioned, amounted only to about 80 per cent. At 40°, the end point is 
stated to be at a 60 per cent. hydrolysis of the amygdalin present. 
Contrast this, however, with the 93 per cent. and 97 per cent. 
hydrolyses obtained at the same temperature without any great diffi- 
culty, and the erroneous nature of Tammann’s statement becomes 
apparent. 
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Temperature Coeficients—The general method of expressing the 
change in velocity of reaction due to change of temperature is to 
calculate the ratio of velocities for an interval of 10°. For most 


reactions, hty lies between 2 and 3. 
t 


For the hydrolysis of amygdalin by emulsin, measurements were 
made at every 5° from 15° to 60°, and only initial velocities were taken, 
that is, while the velocity was still a linear time function, The 
observations were thus absolutely comparable. It will be observed 
from tables XXIV and XXV that the temperature-coeflicient varies 
with the temperature, and only twice reaches the general value of 
between 2 and 3. The results are of the same order as those 
calculated from Tammann’s figures for salicin. 

Opportunity is taken here for correcting a serious error in this con- 
nexion in van’t Hoff’s ‘Lectures on Theoretical and Physical 
Chemistry, Part I.” On pages 225 to 235 the velocity of the fermen- 
tation of salicin by emulsin is continually referred to as having a 
temperature-coefficient of 7:14 at from 60—75°. These figures are 
obtained by calculation from experiments by Tammann (Zeitsch. 
physikal. Chem., 1895, 18, 433), This is so obviously erroneous, it 
having been shown that the velocity of reaction of emulsin hydrolysis 
is practically nothing at 70° (Henry and Auld, Joc. cit.), that it is 
hardly necessary to turn to the original to find that the results refer 
to the rate of destruction of emulsin activity on heating. This, as is 
well known, increases with great rapidity with rise of temperature 
and thus affords a temperature-coefficient of abnormal size. 


EXPERIMENTAL. 


Analytical.—Three chief methods are open for the measurement of 
the hydrolysis, namely, estimation of the amount of hydrocyanic acid 
produced, measurement of the amount of dextrose formed, or observa- 
tion of the change of rotatory power of the liquid. The two last 
methods are open to serious objection. Estimations of dextrose depend- 
ing on its power of reducing alkaline copper solutions are difficult 
to carry out rapidly and accurately, and the fact that the character of 
the dextrose residues in amygdalin was unknown, made it impossible to 
follow the reaction by means of the polarimeter. To these objections 
must be added the possibility of the intermediate formation of a diglucose 
of unknown reducing and optical rotatory power. Determination of 
the amount of benzaldehyde formed or of the decrease in the quantity 
of amygdalin present offering no satisfactory solution of the question, 
it was decided to follow the hydrolysis by estimating the hydrocyanic 
acid produced. At first, this was estimated by means of standard 
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silver nitrate solution, but as this process could not be carried out 
with accuracy in the experimental liquid and consequently necessi- 
tated a distillation for each estimation, it was abandoned in favour of 
the modification of Fordos and Gelis’ method (J. pr. Chem., 1852, 59, 
255) described by Dunstan and Henry (Proc. Roy. Soe., 1903, 72, 287), 
This method consists in titrating the liquid containing hydrocyanic 
acid with a standard iodine solution : 
HCN +1],=CNI+HI. 
Excess of sodium hydrogen carbonate solution is added to prevent an 
accumulation of hydriodic acid. 
As it was necessary to work at temperatures where a considerable 
amount of the hydroecyanic acid formed would 
Fie. 1. be in the gaseous state and would otherwise oc- 
casion a loss on opening the experimental vessels, 
special apparatus was devised to prevent any 
escape of vapour. In most of the experiments 
a separate vessel was used for each concentration 
of the reacting substances, and in such cases 


the small apparatus shown in Fig. 1 was em- 
ployed. During the course of the reaction, the 
two taps, A and B&B, are kept closed. At the 
moment the hydrolysis is to be stopped, both taps 
are opened, and saturated sodium hydrogen car- 
bonate solution flows into the bottle from the 
funnel (’. At the same time, any escaping vapour 
is forced out through the side-tube D, and bubbles 
through the solution in the funnel by which it is 
carried back into the flask. When most of the 
bicarbonate solution has been run in, the taps 
are again closed, the contents shaken, and cooled 
under the tap. If the tap A alone is now 
opened, the remaining sodium hydrogen carbonate 
L —-| solution is sucked back through the side-tube, 
———_— _— ~} and frees it from any hydrogen cyanide remain- 

ing. The contents of the flask are then titrated 
in the ordinary manner, using starch solution as indicator. 


In those cases in which it was necessary to carry out a series of 
experiments in the same solution, and abstract aliquot parts for 
examination at stated intervals, a different arrangement was required, 
owing to the necessity of keeping all the hydrocyanic acid in the 
dissolved state. It was found by experiment that a surface of metallic 
mercury had no inhibiting effect on the action of emulsin on amygdalin, 
and the arrangement seen in Fig. 2 was consequently employed. The 
experimental vessel consists of the tube A, closed at the top by a tap, 
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f,and fitted with a stoppered side-tube, 7, to facilitate the introdue- 
tion of the enzyme and hydrolyte. The lower part of the tube is 
filled with mercury, which can be raised to the 
desired level by means of the reservoir JD. 
The apparatus containing the amygdalin solu- 


Fic. 2. 


tion having acquired the necessary temperature 4 
by immersion in a thermostat, the emulsin is 
added, and the solutions well mixed. The ' 
tap # having been opened, / is now raised 
until the liquid just fills the vessel. The tap 
is now closed, and the whole apparatus im- 
mersed in the bath. To remove a stated 
volume of the liquid for examination, the bulb 
) is raised, and on opening the tap / the 
liquid is foreed out into the tapped pipette C, 
which is connected with the tube A by a 
small piece of indiarubber tubing. The liquid 
is then run out into excess of sodium hydrogen 
carbonate solution, and the pipette washed 
out with the same liquid, 

The sodium hydrogen carbonate thus effects 
a three-fold purpose. It absorbs the hydro- 
ecyanic acid, it is necessary for the iodine 
titration, and its addition at once stops the 


action of the emulsin. The accuracy of the last statement is seen at 
once from the following table : 


TABLE J, 


For each experiment, 25 ¢.c. of amygdalin solution (2 per cent.) 
were mixed with 2 c.c. of emulsin solution (2 per cent.). After 
twenty minutes, the sodium hydrogen carbonate (normal solution) was 
added, and the reaction allowed to proceed for another twenty minutes. 


Time of action, NaHCO, added, ICN formed, Amygdalin decomposed, 
miins, c.c. gram. per cent. 
a ae 0°00130 12°7 
20) 0°2h 0°00197 15:1 
20 Orn 0°00144 13°4 
20 1°0 O°00135 12°8 
20 2-0 000130 127 
7 =38°5". 


For the hydrocyanie acid titration, it was found that .V/50 iodine 
solution gave the best results, but V/100 iodine was also used in some 
cases Where only a small decompo-ition had taken place. When .V/10 
iodine was employed, the results were not constant, but increased 
considerably on standing. This was probably due to the production of 
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larger quantities of hydrogen iodide than could be absorbed at once by 
the sodium hydrogen carbonate, and the reaction being reversible, 
hydrocyanic acid would be regenerated. 

Neither amygdalin nor its other decomposition products absorbs 
iodine, and the enzyme solution does so only after some time. As the 
complete estimation was usually carried out in one or two minutes, 
this involved no source of error, and the titration could be carried out 
in the experimental liquid. 

The amygdalin employed was Merck’s pure product recrystallised, 
The emulsin was also obtained from Merck’s preparation, and was 
purified by dissolving in water and reprecipitating the filtered solution 
with 90 per cent. alcohol. The product obtained in this way dissolved 
completely in water. All solutions were kept sterile, generally by 
the addition of a little chloroform. 


Phaseolunatase. 


As the enzymes of Phaseolus lunatus, flax, and cassava all act in the 
same manner, it generally sufficed to carry out the experiments with 
one of themonly. In most cases the enzyme obtained from Java beans 
was employed, and all the following experiments were carried out with it. 

For the preparation of the enzyme, the beans, roots, or germinating 
seeds are dried thoroughly in the air, ground to a fine meal, and soakel 
with three volumes of water mixed with 1 per cent. of toluene, 
which is added for sterilising purposes. After several hours, the 
liquid is filtered, and allowed to stand in a vacuum desiccator over 
sticks of potassium hydroxide until all the hydrocyanic acid has been 
absorbed. The concentrated liquid is then poured into excess of 
alcohol, the precipitated enzyme quickly filtered and washed with a 
little aleohol, after which it is dried in a vacuum and finely powdered. 
If the substance is not completely redissolved by water, the process of 
solution and precipitation is again repeated. 

The enzymes form fine white powders, capable of being kept in the 
active state for many months, 


Taste II, 
Hydrolysis of Amygdalin by Phaseolunatase. 


For each experiment, 10 c.c. of amygdalin solution (1 per cent.) 
were mixed with 30 e.c. of enzyme solution (2 per cent.) : 


Time of action, HCN formed, Amygdalin decompose, 
mus, gram. per cent. 
60 0°00204 34°5 
120 0°00252 42°7 
180 0°00301 50°9 
240 0°00340 576 


7’=40°0". 
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Tasce III. 
Hydrolysis of Salicin by Phaseolunatase. 


For each experiment, 10 c.c. of salicin solution (2 per cent.) were 


orbs 
the mixed with 30 c.c. of enzyme solution. 
ites, Time of action, Cu,O formed, Glucose produced, Salicin decomposed, 
out mins. gram. gram. per cent. 

— 0°0535 -- — 

30 0°0924 0°0199 15°8 
sed, 60 071313 0°0389 30-9 

120 0°2019 0°0742 59°0 
baves 180 0°2265 0-0865 687 
tion T=39'5" 
ved 
by TabBLe LV. 

Hydrolysis of Phaseolunatin by Phaseolunatase. 
For each experiment, 15 ¢.c. of phaseolunatin solution (2 per cent.) 
were employed. 
the Time of action, Weight of enzyme, HCN formed, Phaseolunatin decomposed, 
ith mins. gram. gram. per cent. 
a 30 Q°2 0°0106 31°8 
sa 60 0-2 0°0206 61°8 
Lit. 30 01 0°0055 16°5 
ing 60 01 0°0104 31°2 
7 =40°0°. 


TABLE V, 


Action of Phaseolunatase on Amygdalin and Phaseolunatin after heating 
between 40° and 65°, 


. For the decomposition of the amygdalin, 20 c.c. of the glucoside were 
i? mixed with 10 ¢.c. of enzyme solution. For the phaseolunatin, 20 c.c. 
ed. , . , ' . 
of of glucoside (2 per cent.) were mixed with 5 c.c. of enzyme solution. 

Tem pera- Decomposition of amygdalin. Decomposition of phaseolunatin 
ture to c , “x 7 , - 
he which Amyg- Phaseo- 
enzyme Time Time dalin Time lunatin 
solution of of HCN decom- of HCN decom- 
Washeated. heating, action, formed, posed, action, formed, posed, 
mins, mins. gram, percent, mins, gram. per cent. 


40 _ 60 0°00136 h°8 80 000733 165 


120 0°00262 11°1 60 0°01413 31°8 
60 60 0:00128 56 30 0°00591 13°3 
120 0°00260 11°0 60 
50 120 60 0:00128 5°6 30 0°00355 80 
120 0:00262 11°1 
55 60 60 0 00120 5:1 30 0°00160 3°6 
60 60 60 0°00101 4°3 60 — — 
120 0°00189 8:0 120 000049 id 
65 60 60 000042 1°8 


60 — — 
120 _ 


ee lc cl ON 
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Influence of the Concentration of Emulsin on the Velocity of Hydrolysis, 


TasLe VI, 


In the following experiments, 50 c.c. of amygdalin solution (2 per 
cent.) were mixed with a 2 per cent. solution of emulsin. 


t=time of action in minutes; A=the percentage of amygdalin 


decomposed ; D=difference in successive readings. The hydrocyanic used, 


acid formed is given in grams. 


Temp. lg 


0 
HCN. A, dD. 
0°00060 3°6 3°6 
0°00125 73 37 
0°00190 11°1 3°38 


Mean velocity =3°7 per cent. per ten minutes. 


hb, 3 e.e. emulsin, 


10 0°00101 6°0 6°0 
20 0°00202 12°0 6°0 
30 0°00303 18°1 6'1 
Mean velocity =6°05 per cent. per ten minutes. 
(. 4 ¢.c, emulsin, 
10 0°00146 &°9 8° 
20 0°00279 i'l 8°2 
Mean velocity=8°7 per cent. per ten minutes. 
d. 6 .e.e. emulsin. 
10 0°00215 12°5 12°5 
ZU 0°00380 932 10°7 
Mean velocity =12°5 per ceut. per ten minutes. 
elay 
e. 12 c¢.e. emulsin. 
5 0°00145 8°6 8°65 
10 0°00288 Le fel RS 
Mean velocity =17'15 per cent. per ten minutes. 
/ AS . emulsin. 
10 0°00363 21°6 
Velocity =21°6 per cent. per ten minutes. 
qd. 5O cle. ¢ mulsin. 
h O°O00215 12°8 12°8 
10 0°00406 94°] bia 
Velocity =24°1 per cent. per ten minutes, 
This reading showing a- great falling off in velocity for the higher decom 


position was rejected, and the decomposition for the first ten minutes alone taken 
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TasLe VII. 
ol ysis, P : - ‘8 
3 Influence of the Concentration of Amygdalin on the lydrolysis in Strong 


5) ’ . 
= per Solutions. 


For each experiment, 1 c.c. of emulsin solution (2 per cent.) was 
used, and the decomposition measured over a definite period. 


Temp. =39°5°. 


dalin 
yanie 


Vol. =50 ce. 
Weight of 


Time Weight of HCN Amygidalin amygdalin 
of action, amygdalin used, formed, decomposed, — decomposed, 

mins, grams, gram. per cent. gram. 
20 0'1 0°00274 46°4 0°046 
20 0°2 0°00274 23°2 0°046 
20 0°3 0°00260 14°7 0°044 
20 0°4 000260 11°0 0°044 
20 0°6 000253 72 0°045 
25 0°8 0°00348 74 0°059 
25 1°0 0°00348 59 0-059 
25 1°25 0°00340 4°6 0°058 
25 15 0°00332 37 0-056 


Taste VIII. 
Hydrolysis of Amygdalin by Emulsin in One Solution. 


Volume of amygdalin solution (2 per cent.) =300 c.e. 
Volume of emulsin solution (2 per cent.) = 15 ce. 


15 ¢.c. were examined every ten minutes until 150 minutes had 
elapsed, when 10 ¢c.c. only were taken. 


Temp. = 40°0°. 


Time HCN Amygdalin Ditlerence 
of action, formed, decomposed, per 04343 K = 
mins. gram. per cent. 10 mins. 1/tloga/a—a. 
10 0°00096 671 6'1 255 x 10-* 
sO 0°00707 45°2 5°4 295 x 1075 
160 000859 54°9 4°8 309 x 10-4 
150 000784 75°3 16 347 x 10-* 
1360 000903 93°3 — 44x10~° 


TaBLE IX, 


Old times, mins. New times, mins. 0°4343A =1/tloga/a- 2. 


‘n. 
110 20 i85.x 10-° 
140 50 488 x 10-5 
160 79 491 x 10-5 


Mean of total values (100—180 mins.)=481 x 10~° 


VOL. XCHIL. 
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TABLE X, 
Hydrolysis of Amygdalin by Emulsin in Dilute Solution. 


lah 
T 
Volume of (2 per cent.) emulsin solution used =3 c.c. min 
Total volume of solution = 20 c.c. of a 
Time Amyegdalin HCN Amygdalin solu 
of action, used, formed, * decomposed, 0'4343K 
mins, gram, gram. per cent. I/tloga/a— x, Tit 
10 0°05 0°00138 0°0252 0°0304 act 
10 0°03 0°00085 0°0155 0°0315 m 
10 0°02 0°00053 0°0097 0°0297 
Estimated by means of 1/100 iodine. : 
Taste XI, It 
Inhibition of the Hydrolysis by Means of Dextrose. disti 
expe 
For each experiment, 20 ¢.c, of amygdalin solution (2 per cent.) 
were mixed with | ¢c.c. of emulsin (2 per cent.). 
Temp. = 40°0°. Time 
Time of Amygdalin 
action, Dextrose added, Dextrose in HCN fornied, decomposed, 
mins. gram. gram-mol. gram. per cent. 
30 - -— 0°00319 13°5 
30 02 0°0011 0°00314 13°35 
30 04 0°0022 0°00298 12°6 
30 0°75 0°0042 0°00279 11°8 
30 1°0 0°0055 000274 116 : 
Tnhil 
Taste XII, Fo 
emul 
Inhibition of the Hydrolysis by Means of Benzaldehyde. stopy 
For these experiments, a saturated solution of benzaldehyde was then 
added to 20 cc. of amygdalin (2 per cent.), mixed with 2 cc. of ey 
emulsin solution (2 per cent.). had | 
inhib 
Vol. =50 cc. Temp. =40°5° solut: 
Time of senzaldehyde Amygialin 
action, added,” Berizaldehyde in HCN formed, decomposed, Tin 
mils. c.e, graim-mols, gram. per cent. < 
30 _ — 000613 26°0 pee 
30 1 10-4 x 0°314 0°00599 25'8 = 
30 5 10-4 x 1°570 0°00545 23° “ 
30 10 10-4x 3141 0°00511 211 
30 15 10-4 x 4°715 0-00471 20°0 31 


Benzaldehyde dissolved in 300 vols, of water. 


was 
of 


lint 
sed, 
it. 
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‘Tastes XIII anv XIV. 
Inhibition of the Hydrolysis by Means of Hydrocyanie Acid. 


The hydrocyanic acid solution employed was found, on exact deter- 
mination, to contain 0°112 per cent. of HCN. It was added to 20 c.c. 
of amygdalin solution (2 per cent.) mixed with 2 c.c. of the enzyme 
solution (2 per cent.). 


Vol. =50c.c. Temp. =40°0°. 


Tinie of Amygdalin 
action, HCN added, HCN in HCN formed, decomposed, 
mins, c.c. gram-mol. gram. per cent. 

30 = — 0°00587 24°9 

30 1 10-4 x 0°42 0°00612 25°9 

30 3 10-4 x 1°24 0°00592 25°1 

30 5 10-* x 2°07 0°00574 24°3 

30 10 10-4 x 4°20 0°00552 23 °4 


It will be observed that small quantities of hydrocyanic acid have a 
distinct accelerating effect on the action, and the following series of 
experiments may be quoted in which this action is intensified : 


Temp. = 39°5°. 


Amygdalin 
Time of action, HCN added, HCN formed, decomposed, 
mins, CC, gram, per cent, 
50 —- 0°01358 57°5 
30 1°0 0‘01391 59°0 
30 3°0 0‘01298 56°7 
30 5°0 0°01338 55°0 


Tante XV. 


Inhibition of the Hydrolysis by Means of the Mixed Products of 
Reaction. 


Forty cc. of 2 per cent amygdalin solution were mixed with 5 c.c. of 
emulsin solution, and the mixture kept in the thermostat at 40° in a 
stoppered bottle for four hours. ‘The vessel and its contents were 
then heated for half an hour at 100° to destroy the enzyme, and then 
cooled to the ordinary temperature: 86 per cent. of the amygdalin 
had been decomposed. The product thus obtained was used for the 
inhibition experiments. For each estimation, 20 ¢.c. of amygdalin 
solution (2 per cent.) were mixed with 2 c.c. of emulsin (2 per cent.). 


Temp. = 40°0°, 


Time of ** Reaction Reaction Amygdalin 
action, products ” added, products HCN formed, decomposed, 
mins, c.c. in gram-mol.* gram. per cent, 

30 _ — 0°00645 27°2 

30 2 10-4x 0°770 0°00605 25°6 

30 5 10-4 x 1°675 0°00562 23°8 


30 10 10-4 x 3°850 0°00491 20°8 
* Calculated as amygdalin. 
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Inhibition of the Hydrolysis by Acids and Alkalis. 
TaBLeE XVI. 
N/50 Sulphurie Acid. 


For each experiment, 15 c.c. of amygdalin solution (2 per cent.) 


9 


were mixed with 3 ¢.c. of emulsin solution (1 per cent.). 


Tin 
Temp. =40°0° Vol. =50 cc. 
Amygdalin 
No. of Time of action, H,SO, added, HCN formed, decomposed, 
experiment. mins. C.C; gram. per cent, 
| 15 . 0°00255 155 
2 15 1 0°00241 14°6 
3 1h y 0°00248 15°] 
1 15 3 0°00223 136 
5 15 b 0°00047 2°8 
6 15 10 0°00011 06 
7 15 15 _ — 
8 15 20 — 

Nos.7 and 8 were exactly neutralised with dilute sodium hydroxide, and ( 
the mixture allowed to remain for another fifteen minutes at the same 
temperature. At the end of that time, No. 7 showed a decomposition Tin 
of 3-4 per cent. of the amygdalin. After standing for a longer period, 
the odour of bitter almonds became very strong, showing the presence 
of a considerable quantity of active emulsin. No.8 required a longe: 
time for the sigus of decomposition to appear. 

Table XVII, 
N/20 Hydrochloric Acid. | 

Quantities as before. hi 

fa hl fe) Mas 
Temp. = 40°0°. ; 
Amygdalin _ 
No. of Time of action, HCl added, HON formed, decomposed, an 
experiment, mins. C.c, gram. per cent. 
] 15 - 0°00257 15°6 
2 15 1 0°00192 11°6 
3 15 2 0°00045 27 
4 15 3 0 00015 09 
5 20 5 oa . ~ 
§ 10 10 ni J 
, , : ; we 

As in the previous case, the last two experiments of the series were 
completed by exactly neutralising the liquid with sodium hydroxide 
and allowing the action ta proceed as before. It was again found that 
the emulsin had been re-activated, although only to a small extent. ex 


No. 5 showed a decomposition of about 4 per cent. after fifteen 
minutes at 40°, but the activity of the emulsin in No. 6 had been 
nearly destroyed, for only after many hours was a faint odour of 
bitter almonds detectable. 
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Taste XVIII. 


N/20 Acetic Acid. 
Quantities as before. 


Temp. =40°5°. (New 1 per cent. emulsin solution used.) 


Time of action, Acetic acid added, HCN formed, Amygdalin decomposed, 
mins, C.c. gram. per cent. 
15 — 000291 17°7 
15 1 0°00261 14°9 
15 2 0°00250 15°2 
15 3 0°00232 14°1 
15 5 0°00207 12°6 
15 10 0°00178 10°8 
15 15 0°00135 8°2 
TaBLeE XIX. 
N/20 Lactic Acid, 
(Quantities as before. 
Temp. 40°5°. 
Time of action, Lactic acid added, HCN formed, Amygdalin decomposed, 
mins, C.C. gram. per cent. 
15 — 0°00293 17°8 
15 1 0°00268 16°3 
15 3 0°00214 13°3 
15 5 0°00192 12°7 
15 10 0°00144 8°7 
15 15 0°00097 5°9 
15 20 0°00056 4°0 


Bouchardat (Comp rena., 1845, 20,111) has stated that acetic acid 
has no effect on the hydrolysis of amygdalin by emulsin, but from the 
above tables it is obvious that this empirical statement is erroneous, 
and that both acetic and lactic acids have a distinct inhibiting effect. 


TABLE XX. 
N/50 Potassium Hydroxide. 


For each experiment, 15 ¢.c. of amygdalin solution (2 per cent.) 
were mixed with 3 ¢.c. of emulsin (1 per cent.). 


Vol. =50c.c. Temp. = 40°5° 


Amygdalin 


No. of Time of action, KHO added, IICN formed, decomposed 
experiment, mins, c.c. gram. per cent. 

1 15 — 0°00293 17°8 

2 15 1 000275 167 

a) 15 2 0°00194 117 

\ 15 3 0°00025 1°5 

a 15 5 — — 

6 15 10 _— —_ 
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After fifteen minutes, No, 6 was exactly neutralised with dilute 
hydrochloric acid, and allowed to remain in the thermostat for a 
further twenty-five minutes, At the end of that time a very strong 
odour of benzaldehyde and hydrocyanic acid could be detected, and on 
examination it was found that nearly 8 per cent. of the amygdalin 
had been decomposed. To confirm this remarkable re-activating of the 
emulsin, further experiments on neutralisation of the alkali were 
carried out. 

Taste XXI. 

(Juantities as before, 


Temp, = 40°5°, 
Amyzgdalin 
decom posed 


Time Time of HCN 


of action action after fcermed after after neu- 
No. of KHO of KHO, neutralisation, neutralisation, tralisation, 
expt. added, c.e, mins. mins. gram. per cent. 
6 10 15 25 0°00131 79 
7 0 30 30 0°00094 5°6 
8 15 15 30 0°00125 76 
9 20 20 30 0°00104 6:2 


* Table XX. 


Similar results to the above were obtained with a saturated solution 
of sodium hydrogen carbonate, the re-activation being very marked. 
The experiments were carried out originally when studying the 
inhibiting action of sodium hydrogen carbonate with a view to its 
utility for stopping the emulsin action, In experiments Nos. 3, 4, and 
5, in table I, half the experimental liquid was used for determina- 
tion of the hydrocyanic acid, and the remainder neutralised with 
hydrochloric acid, and replaced in the thermostat. 


TaBLE XXII. 


N-Sodium Ilydrogen Carbonate. 
Amygdalin 


No. of Time of action, HCN formed, decomposed, 
expt. mins. gram. per cent. 
3 20 070046 24°4 
} 20 0°0041 21°7 

5 20 0°0039 20°1 


Extent of the Hydrolysis, 
Taste XXIII, 
Temp. = 40:0". 


Emulsin Amygdalin 


Time added solution Decomposition Decomposition 
of action, (2 percent.), (2 percent.), fiom HCN, from C,H,°CHO, 
hours. c.c, €.c. per cent. per cent. 
20 10 75 93°4 94°0 
24 15 75 97°0 96°5 
16 3 15 91°7 91°0 
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Temperature Coefficients. 
Taste XXIV. 


In the first columns are given the times of the reaction (¢), in the 
second the amount of hydrocyanic acid formed, in grams, and in the 
third the amount of amygdalin decomposed, per cent.. 


T= 15". T= 40°. 
t. HCN. dD. é. HCN. dD. 
15 000077 4°68 15 000400 24°33 
30 000160 9°40 30 0°00785 47°77 
falin 45 000230 14-00 
osed T=20°. —— 
re t. HCN. D. - pow Ps ; 
nt. 15 0°00149 9°06 to : 7 28° 6 
30 0:00286 17°40 v0 0°00890 53°07 
45 000429 26°10 
im T = 50°. 
i 25°, t. HCN. Dd. 
. HCN. Dp. 10 0-00413 25°54 
15 0°00177 10°77 15 0 00625 38 04 
30 0°00355 21°60 30 0°01081 65°82 
T=30". — 
HON D sii 
' ; : , CN, ), 
15000250 «15-21 $ ona 
30 000492 30-00 ” icioais "es 
T2935". ° T=00". 
t, HCN. D~. t HCN, Dd, 
15 0°00356 21°66 10 0700300 18°30 
30 0:00679 41°30 15 000445 27°08 


The values of A, calculated for each temperature from the fifteen 
minute decomposition values are given in the following table, together 
with the ten-degree ratios calculated from them. 


TABLE XXV, 


Tammann’s value 


Temperature, K. Ress0/he- for salicin. 
15° 0°01393 Is keyg = 2°37 
20 0°02635 Kgy'Keyy = 1°81 . 
95 003299 Iese|o, = 2°14 “ve 
30 0-04777 Iego/kap = 1°68 1°52 
35 0-07068 Kis) Kas = 1°37 
10 0-08071 oe) ee 1°79 
45 0-09696 Iron) Keyy = 1°04 
50 0°13840 
a) 0°10152 
60 0°09142 

12-73 nil * 


* Henry and Auld (oc. cit.). 
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CXX1L.—The Iydrolysis of Amygdalin by Emulsin, 
Part I. 
By 8. J. Manson Autp, Ph.D. 


By the action of an extract of yeast (Hefenenzym), amygdalin js 
hydrolysed with the separation of only one molecule of glucose and 
the formation of a true glucoside, mandelonitrile glucoside (Fischer, 
Ber., 1899, 28, 1509) : 

C,,,H,-0,,N + H,O =C,H,,0, + C,,H,,0,N. 
Mandelonitrile glucoside is hydrolysed by emulsin into benzaldehyde, 
hydrocyanic acid, and glucose. 

From the above decomposition of amygdalin by yeast extract, the 
active enzyme of which was supposed to be maltase* (the ferment 
which decomposes maltose into two molecules of glucose), Fischer 
assumed that amygdalin is a derivative of maltose or of an exactly 
similarly constructed sugar. Latterly it has been generally the 
custom to regard amygdalin as the maltoside of benzaldehyde- 
cyanohydrin, and as such it is described in most books of reference, 
Thanks chiefly to the work of Emil Fischer, it is now practica'ly 
certain that whilst emulsin only decomposes B-glucosides, maltase will 
only hydrolyse those glucosides which are derived from a-dextrose, 
hence there exists a distinct stereochemical relationship between these 
sugars and their specific enzymic hydrolysts. 

These facts seemed to render it probable, or indeed certain, that the 
two molecules of glucose in the biose residue of amygdalin are not of 
similar constitution owing to their different behaviour towards the 
complementary enzymes, emulsin and maltase. It was first pointed 
out by the author (Proc., 1907, 23, 72) that amygdalin is probably the 
derivative of an unknown af-disaccharide capable of hydrolysis both 
by emulsin (8-enzyme) and maltase or amygdalase (a-enzyme). ‘This 
view has since been confirmed by Rosenthaler (Arch. Pharm., 1907, 
245, 684). It was also pointed out that in the hydrolysis of 
amygdalin by emulsin the decomposition could take place in three 
ways, depending on the mode of attachment of the enzyme to the 
glucoside molecule, Either mandelonitrile glucoside and dextrose are 
first ‘produced with subsequent hydrolysis of the former, or benz- 
aldehydecyanohydrin and the disaccharide are formed and the latter 


* It has now been shown by Caldwell and Courtauld (Proc. Roy. Soc., 1907, 79, B, 
350) that the yeast enzyme which hydrolyses amygdalin is not identical with 
maltase. This, however, has no effect on the above arguments as “ amygdalase “- 
also an a-enzymie, 
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then resolves into two molecules of dextrose, or, lastly, amygdalin 
may undergo fission into the three components by direct abstraction 
of the dextrose residue attached to the benzaldehydecyanohydrin 
molecule. 

Thanks to the admirable work of E. F. Armstrong on the correlation 
of the stereoisomeric a- and f-glucosides with the corresponding 
glucoses (Trans., 1903, 83, 1305), the first part of the problem could 
be attacked in the same manner as was adopted for the determination 
of the structure of the a-glucoside phaseolunatin (Dunstan, Henry, 
and Auld, Proc. Roy. Soc., 1907, 79, B, 315). This method depends 
on the formation of sugar from the glucoside by hydrolysis and 
observation of its change of rotation on assuming the ordinary form 
of glucose which has been shown by Lowry (Trans., 1903, 83, 1314) 
to be an equilibrium mixture of two stereoisomerides. The production 
of equilibrium is hastened by the addition of a drop of alkali. 

Rotation of Amygdalin.—With regard to the optical rotation of 
amygdalin, two different numbers are recorded. Bouchardat (Compt. 
rend., 1844, 19, 1175) found for amygdalin, dried over lime at 45°, 
[a], —35°5°, and this value is still quotel in many books of 
reference. Schiff (Ber., 1899, 32, 2701), repeating the experiments, 
obtained the value — 40°26°, and declared Bouchardat’s figures to refer 
to [a], and not to [a],. Owing to these different results, the rotation 
of amygdalin was carefully measured, with the result that Schiff’s 
rotations were alxo found to be not quite correct, the average rotation 
found being [a], — 41°36’. For 3°883 per cent. Schiff found [a], — 41°1°. 


[a],, calculated 


Amygdalin, (Schiff.) from Bouchardat’s 
per cent. i. al*, [a]!*. [a]!’. results by Schiff. 
1°636 200 1°22’ 41°16’ -- _ 
3°272 200 2 45 42] 40°18’ 41°57’ 
5°418 200 4 30 41 31 — — 
Mean = 41°36’. 


Characterisation of the Dextrose Residues in Amygdalin.—Owing to 
the comparative slowness with which the yeast enzyme attacks 
amygdalin and the consequent spontaneous production of equilibrium 
in the dextrose which is formed together with the one molecule of 
mandelonitrile glucoside, it was found impossible to identify the sugar 
by the method proposed by E. F. Armstrong. To determine the 
nature of the second dextrose molecule, namely, that attached to the 
benzaldehydecyanohydrin nucleus, the decomposition of mandelo- 
nitrile glucoside by emulsin was employed. The mandelonitrile 
glucoside was prepared from amygdalin by the action of yeast 
extract according to the directions given by Fischer (Ber., 1895, 28, 
1909), After recrystallisation from chloroform it melted at 148°, 
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and a proof of its purity was obtained by analysis. 0°5 Gram of 
emulsin was added to 5 grams of mandelonitrile glucoside dissolved 

in 50 c.c. of water, thoroughly mixed by shaking and kept in the Wi 
thermostat in a stoppered bottle at 40°. For each observation, a few 
c.c. of the liquid were withdrawn, mixed with a small definite volume , 
of alumina cream, and filtered through asbestos. The rotation of the 
clear liquid was then observed, before and after adding a drop of 
ammonia solution to establish equilibrium. Great care was taken to 
avoid the presence of any traces of alkali which might induce prema- 
ture equilibrium, as in some cases it was found that the presence of a 
small proportion of tap-water was suflicient immediately to cause the 
dynamic change : 


Time of 


action, Initial Rotation after Change of 

hours. rotation. adding alkali. rotation. ! 
—- — 1°48’ — 1°48’ 0°0’ pro 
05 -118 -14 +014 but 
1°0 -0 45 -—0 20 +0 25 
15 ~0 22 +02 +024 foll 

24°0 +0 32 +0 35 +03 


Taking into account the following rotations : 


Mandelonitrile glucoside ............... eesee+0 — 26°1° 

IR i auiis cas aruntntivinacuseneasnstnnneeseiers +105°0 

ID: aby Saket incostscacedsssznaes seat +22°0 
Equilibrium mixture of a-+8-glucose ...... +52°5 ( 
it is obvious from the results set forth above that in the decomposition . 
of mandelonitrile glucoside there is primarily liberated the low rotating ‘ 
B-glucose, which, on the addition of ammonia, is at once transformed the 
no 


into the equilibrium mixture of higher rotation, thus proving, what has 
been generally assumed, that Fischer’s glucoside is a 8-glucoside. As 
a result of this, it is certain also that the dextrose residue of the 
amygdalin biose which is attached to the benzaldehydecyanohydrin 
nucleus has also a 8-configuration. 

Although, as mentioned previously, it is impossible similarly to Tin 
obtain direct evidence of the remaining dextrose molecule, the result 
can be attained by utilising the decomposition of amygdalin itself in a 
manner similar to that used for mandelonitrile glucoside. If both mole- 
cules of the biose are of B-configuration the positive change in rotation 
should be greatly increased, whereas, if the second molecule is derived 
from a-glucose, the optical rotation of the sugars produced on liberation 4 


with emulsin will to a certain extent neutralise each other, and on thr 
production of the equilibrium there will be no change, or only a very be 
slight decrease in the rotation. This was actually found to be the of 
case, as by using strong solutions of amygdalin a slight decrease in the mt 

12 


rotation could be detected : 
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n of 
lved Temperature = 40°5°, 
the Weight of | Weight 
few amygdalin of Rotation 
in50ecc. emulsin Time of after Change 
ume of HO, added, action, Initial adding of 
the grams. gram. hours. rotation, alkali. rotation. 
4°45 0°3 — 6°48’ — 6°48’ 0° 0’ 
» of 4:45 03 05 3 54 ~t 4 ~0 10 
1 to 4°45 0°3 1°0 ~130 ~145 ~015 
i 1°45 0°3 20 +251 +243 -0 8 
, 4°45 0°3 24°0 + 6 26 +6 26 -0 0 
fa 3°8 0°25 _ ~4 48 ~4 48 -0 0 
the 3°8 0°25 0°66 -3 9 -318 -0 9 
3°8 0°25 1°33 —0 23 —0 33 -010 
3°8 0°25 20°0 +214 +214 0 0 


Rotations measured in 2-dem, tnbe, 


From these results it would therefore seem to have been definitely 
proved that the biose from which amygdalin is derived is not maltose, 
but an af-diglucose, and that amygdalin should be formulated as 


follows : 


—_ 
H /OHH | OH HH OHHH 
7 | Ll a 
t——C—C—C-C-CH, —0—_C— ¢-U-C-CH, 0H. 
O H OHHH OH H | OH 
a, ——0- 
N-CH-C,H, 
ON-CH-O,H, 8 F 


Of extreme interest in this connexion is the fact, made apparent by 
the following experiments, that maltose, unlike glucose, has practically 
no inhibiting effect on the hydrolysis of amygdalin by emulsin, 

Effect of Maltose on the Velocity of Hydrolysis.—For each experi- 


As 
“ ment, 15 c.c. of 2 per cent. amygdalin solution were mixed with 3 c.c, 
be of emulsin solution : 
Temperature = 41°5°, 
to Time of action, = Maltose added, HCN formed, Amygdalin decomposed, 
It mins. gram. gram, per cent. 
30 — 0°00287 17°46 
. 30 0°05 000284 17°27 
e- 30 0°10 0:00281 17°10 
2 30 0°20 0°00283 17°23 
, 30 0°30 000280 17°04 
Mode of Procedure of the Hydrolysis.—Vaking into account the 
three possible methods of decomposing amygdalin by emulsin, it will 
y be observed that each involves the production of different quantities 
e of the end-products. If mandelonitrile glucoside is formed as an 
e intermediate product of the reaction and is hydrolysed more slowly 


than amygdalin (which seems to be the case), then estimation of the 
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hydrocyanic acid and the benzaldehyde formed should give (relatively) 
lower results than those obtained from the dextrose. The same holds 
good in the equilibrium stage of the hydrolysis, as practically no 
enzyme action is complete and consequently a certain amount of the 
intermediate product may be expected to remain undecomposed, 
Similarly, should the emulsin after attaching itself to the B-glucoside 
molecule, as it apparently must do in its réle of B-enzyme, cause the 
intermediate formation of the unknown af-disaccharide, then the 
dextrose estimations should fall below those of the hydrocyanic acid 
and benzaldehyde; -.only in the event of the enzyme causing the 
disruption of the amygdalin molecule by simultaneous cleavage of the 
“biose”’ and “cyanohydrin” linkings would hydrocyanie acid, benz. 
aldehyde, and dextrose be formed in quantities corresponding with the 
ordinary equation of amygdalin hydrolysis. It will be observed that 
the first method leads to the apparent anomaly of amygdalin being 
decomposed in the same manner by both yeast enzyme (Caldwell and 
Courtauld’s amygdalase) and emulsin, which enzymes are of course 
really complementary to each other in their action. From one or two 
preliminary experiments carried out it was originally thought that 
the biose was formed as an intermediate product, This view, however, 
had to be considerably modified after careful and exhaustive series of 
experiments had been carried out. It was eventually found, in fact, 
that estimations of hydrocyanie acid and benzaldehyde constantly 
gave lower results than those of dextrose. 

Care had to be taken to obtain the maximum hydrolysis in as short 
a time as possible so as to avoid any error due to partial decomposition 
of hydrocyanic acid on standing. A correction had also to be applied 
for the reducing power of the enzyme added, which was found to be 
considerable. 

To avoid repetition and to save space, only a certain number of the 
results obtained will be quoted, and all these are included in the 
following table : 

Decom- Decom-  Decom- 


Time CuO position position position 
of Amygdalin Emulsin HCN formed from from from 
action, used, used, formed, (corrected), HCN, C,H,,0,, C,H,°CHO, 
hours. grams. gram. gram, grams. per cent. percent.” percent.t 
0°5 0-4 0°03 0°00556 0°6090 23°5 27°8 _ 
1°0 0°4 0°03 0°01000 1°0520 42°5 48°0 _ 
1°25 0-4 0°03 0°01187 1°2800 502 58°4 49°9 
2°25 0-4 0°03 0°01772 1°8610 75°0 85°1 75'8 
160 23 0°10 0°06501 = 91°7 ‘ 91°0 
20°0 1°5 0°20 0:07665 2°0800 93°4 94°9 94°0 
4°0 0°3 0:06 0°01430 1°9900 87°0 90°8 — 
1°75 0°3 0°06 0°01330 1°9300 81°5 881 - 
0°25 0°3 0°04 0°00469 = 98-4 — 28°6 
24°0 15 ‘30° -0°07969 = -2°1358 97°0 97°5 96°5 


* Estimated gravimetrically. + Estimated by Ripper’s method. 
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These results make it appear certain that the reaction proceeds (at 
apy rate mostly) in two stages, and that the biose linking in amygdalin 
is less resistant towards emulsin than that of the benzaldehydecyano- 
hydrin. In this way mandelonitrile glucoside is formed preferentially 
and should appear among the reaction products. By stopping the 
reaction at a suitable stage, Fischer's glucoside can actually be separ- 
ated. O° Gram of emulsin was allowed to act on 20 grams of 
amygdalin and the reaction stopped when 75 per cent. of the amygdalin 
had been decomposed as calculated from the hydrocyanic acid liberated. 
The liquid was boiled to coagulate the protein matter, filtered and 
evaporated to dryness with animal charcoal, the charcoal being subse- 
quently extracted with dry ethyl acetate. After repeating this process, 
the concentrated syrup was allowed to stand, when the mandelonitrile 
glucoside separated in small needles, melting, after recrystallisation, 
at 148°. 

Considering this remarkable intermediate formation of mandelo- 
nitrile glucoside in the hydrolysis of amygdalin by emulsin, which is 
thus identical with that of acids (Caldwell and Courtauld, Trans., 
1907, 91, 666), it is curious that Fischer’s glucoside has not so far 
been discovered co-existent with amygdalin in Nature. 


CurMICAL DEPARTMENT, 
East LONDON COLLEGE. 


CXXI.—The Formation of 4-Pyrone Compounds froin 

Acetylenic Acids. Purt I. 
By Srecrrizp RUHEMANN. 
Recently (Trans., 1908, 98, 431) L have described a method of 
formation of 4-pyrone compounds, which is based on the reaction 
between ketones and ethyl phenylpropiolate in the presence of sodium 
ethoxide. Thus, two members of this group of substances have been 
obtained, namely, 2-phenyl-6-methyl-4-pyrone (1) and 2 : 6-diphenyl-4- 
pyrone (II): 


CPh-CH-CO C ‘Ph:CH- co 
O-CMe—CH O- CPh— =CH’ 
(1.) (II.) 


I have mentioned also (/oc. cit.) that the formation of diphenyl- 
pyrone is accompanied by the production of a compound, C,,If.,Og, 
Which is characterised by the violet coloration of its solution in con- 
centrated sulphuric acid, I have frequently studied the action of 
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sodium ethoxide on the mixture of acetone and ethyl phenyl propiolate 
without having been able to trace a compound with similar properties ; 
the product of the reaction consists of phenylmethylpyrone, the yield 
of which amounts to 48—50 per cent., of the unchanged acetylenic 
ester, and the corresponding acid. 

The present paper deals with the study of phenylmethylpyrone, 
which I have carried out on lines similar to those adopted by F. Feist 
(Annalen, 1890, 257, 253) in his work on 2: 6-dimethyl-4-pyrone, 
He showed that this compound, on treatment with baryta, is trans- 
formed into the yellow barium salt of diacetylacetone, which, with 
hydrochloric acid, yields the colourless triketone, (CH,*CO-CH,),CO 
He has not been able to accomplish the analogous change on using 
diphenylpyrone owing to the insolubility of this pyrone in water 
(compare Ber., 1890, 23, 3726). I have repeated this experiment, but 
have also failed to isolate the triketone, dibenzoylacetone, from the 
product of the action of baryta on the pyrone. Phenylmethylpyrone, 
however, is readily transformed into a yellow barium salt, which, with 
hydrochloric acid, yields benzoylacetylacetone, 

C,H,*CO*CH,*CO-CH,°CO-CH.,. 
This compound resembles diacetylacetone in its behaviour. Feist has 
found (/oc. cit.) that the latter triketone forms, with phenylhydrazine, a 
yellow diphenylhydrazone, which is produced, also, by the action of th 
hydrazine on 2 : 6-dimethyl-4-pyronecarboxylic acid ; in this case, how- 
ever, a colourless substance is formed at the same time which contains 
one molecule of water less than the dihydrazone. A compound, which 
in composition and properties resembles this substance, is produced on 
treatment of benzoylacetylacetone with phenylhydrazine. The fact 
that this compound is very stable and only slightly reduces Feliing’s 
solution, even on ~— points to the constitution : 

N+ N(C,H,) mi H,): ‘'N 
C,H, -C——OH, oe <cu —c- CH, 

This corresponds with the formula aie by Feist for the colour- 
less compound which is formed from dimethylpyronecarboxylic acid. 

By the action of ammonia, benzoylacetylacetone is transformed into 
2-phenyl-6-methyl-4-pyridone, 

(C,H.):CH 
NEG, \=cH? OO. 

This substance has a characteristic behaviour which neither pyridone 
nor its dimethyl] derivative seems to possess, namely, that its aqueous 
solutions readily gelatinise ; this property renders its purification some- 
what troublesome, I have prepared several salts of this base, but 
none of them exhibits this phenomenon. The ease with which 
B-diketones, for example, acetylacetone, react with aldehydes has 


ur- 


nto 
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induced me to ascertain whether benzoylacetylacetone shows a similar 
behaviour ; I have found, however, that in the presence of neither 
piperidine nor sodium hydroxide as catalytic agent does this triketone 
condense with benzaldehyde or salicylaldehyde. 


EXPERIMENTAL. 
Benzoylacetylacetone, C,,H,*CO*CH,*CO-CH,CO'CH,,. 


On adding a concentrated aqueous solution of baryta to phenyl- 
methylpyrone dissolved in boiling water, a yellow barium salt is 
precipitated which, when added to dilute hydrochloric acid, loses its 
colour and is transformed into benzoylacetylacetone. This substance 
is sparingly soluble in carbon disulphide, ether, or cold alcohol, but 
readily dissolves in boiling alcohol or chloroform ; it crystallises from 
light petroleum, in which on boiling it is fairly soluble, in pale brown 
needles melting at 106—107°; 

02213 gave 0°5716 CO, and 0:1182 H,O. C=70'44; H=5-93. 

C,\.H,,0, requires C = 70°59; H=5'88 per cent. 

The triketone is readily dissolved by dilute potassium Irydroxide, 
yielding a yellow solution ; it is insoluble in cold, but soluble in hot 
sodium carbonate solution. 


Action of Phenylhydrazine on Benzoylacetylacetone. 


On adding water to the mixture of the triketone (1 gram), dissolved 
in alcohol, and phenylhydrazine (1°2 grams), an oily product is precipi- 
tated which, when stirred with alcohol, sets to a yellow solid. This 
is sparingly soluble in boiling alcohol, and, on cooling, erystallises in 
colourless prisms melting at 174—175°: 

02015 gave 05800 CO, and 071100 H,O. C=7850; H=6°06. 

02265 ,, 30c.c. N, (moist}at 17° and 756 mm, N=15-28. 

C,,H,,N, requires C=78°69 ; H=6°01 ; N=15°30 per cent. 

The formation of this substance is most probably proceeded by the 
production of the diphenylhydrazone of benzoylacetylacetone, which, 
however, at once condenses with loss of water. The fact that this 
compound is but slightly attacked by potassium hydroxide or hydro- 
chloric acid, and only faintly reduces Fehling’s solution on boiling, 
sees to suppors the formula given on p, 1282. 
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2-Phenyl-6-methyl-4-pyridone, 
an CH:C(CH,) wy 
CON CHOC, HONE 

Benzoylacetylacetone is readily soluble in hot, concentrated 
ammonia; on evaporating the solution on the water-bath, a solid is 
left behind which is sparingly soluble in cold, but readily so in boiling 
water. The hot concentrated solution, after treatment with animal 
charcoal, deposits colourless, curved needles, and the mother liquor, 
afier a short time, sets toa jelly which renders it impossible to collect 
the crystals. It is therefore necessary to filter them from the warm 
solution. The pyridone melts at 177—178°: 

02100 gave 05970 CO, and 0°1155 H,O. C=7753; H=6:11. 

02230 ,, 14:8 c.c. N, (moist) at 18° and 755 mm. N=7-61. 

C,,H,,ON requires C=77'84. H=5°95 ; N=7°57 per cent. 

The gelatinous product which separates from the mother liquor 
of the crystals seems to contain the same substance ; this would follow 
from the fact that the solid which is left behind, on evaporation to 
dryness, gave the following analytical data : 

0°2172 gave 0°6138 CO, and 0:1182 H,O. C=77:07; H=604, 
which do not appreciably differ from those required for pheny!- 
methy]pyridone. 

The pyridone dissolves in hot, concentrated hydrochloric acid, and 
the solution, on cooling, deposits colourless needles of the hydrochloride. 
This melts at 242°, after having begun to soften at 225°; it is not 
very soluble in cold, but readily so in boiling water : 

0°2340 gave 01518 AgCl. Cl=16°05. 

C,,H,,ON,HCI requires Cl = 16-03 per cent. 

On adding platinum tetrachloride to the aqueous solution of the 
hydrochloride, the platinichloride of the pyridone is precipitated in 
pale orange, microscopic needles : 

0°3048 gave 9°6 c.c. N, (moist) at 19° and 764mm. N=3-65, 

0-2068 left on ignition 0°0520 Pt. Pt=25-09. 

(C,,H,,ON),,H,PtCl, requires N=35°59. Pt = 24-94 per cent. 

The picrate is formed on mixing aqueous solutions of pheny!methyl- 
pyridone and picric acid. The emulsion which is first produced, soon 
sets to a crystalline solid, which is sparingly soluble in cold, but 
fairly readily in boiling water, and, on cooling, separates in yellow 
needles melting at 194—195°: 

0°1986 gave 24 ¢.c. N, (moist) at 20° and 753 mm. N=13°59. 

C),H,,ON,C,H,0,N, 1 juires N = 13°52 per cent. 
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The chromate is precipitated in orange needles on adding chromic 
acid, dissolved in water, to the aqueous solution of the pyridone : 
02368 gave 10 c.c. N, (moist) at 19° and 754mm. N=4°81, 
(C,,H,,ON),,H,Cr,O, requires N = 4°75 per cent. 
The salt does not melt, but, on heating, begins to blacken at about 
155°; it is sparingly soluble in cold, but readily so, in boiling 
water. 


GONVILLE AND CAIUs COLLEGE, 
CAMBRIDGE. 


CXXII.—a-Methylcamphor and Fenchone. 
By Water Hamis GLover. 


Tue investigation described in this communication was undertaken 
primarily with the object of contrasting a-methyleamphor with 
fenchone, to which Wallach has assigned the formula 
CH,—CH—CHMe 
CMe, | 
CH,—CH—CO 

mainly because m-cymene is formed when it is heated with phosphoric 
oxide (Annalen, 1898, 300, 319). If fenchone possess the con- 
stitution represented by this formula, it should be similar to a-methyl- 
camphor in its general chemical behaviour, as it is not to be supposed 
that the transference of a methy! radicle to the a-position would tend 
to alter the properties of the compound materially. As a matter of 
fact, the two substances are essentially different in chemical behaviour. 
They differ most markedly in their behaviour towards bromine. 
Minguin has stated (Compt. rend., 1903, 136, 751)—and his obser- 
vations have been confirmed—that a-methyleamphor yields on bromi- 
nation a well-defined monobromo-derivative, namely, a'-bromo-a- 
methyleamphor ; fenchone, when similarly treated, does not yield a 
bromo-derivative : in fact, bromofenchone is obtained as a somewhat 
ill-defined oil only when fenchone is heated with bromine in sealed 
tubes at 10U° for twenty hours (Czerny, Ber., 1900, 33, 2287). The 
two compounds also differ in that a-methyleamphor is as readily 
sulphonated by Reychler’s method (Bull. Soc. chim., 1898, [iii], 19, 
120) as camphor itself, whilst fenchone resists sulphonation. 

These two facts are alone suflicient to make it more than doubtful 
Whether the constitution of fenchone be that suggested by Wallach, 
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The objection may also be raised to Wallach’s formula that, since 
camphor yields p-cymene, fenchone should yield ortho-, not meta, 
cymene : 


cH,—CH—CH, CH,—CH—CHMe 
CMe, | (Me, 
CH,—CMe-CO CH, —CH—¢ Oo 


Semmler (Chem. Zeit., 1905, 29, 1313), arguing from the fact that 
isocamphoronic acid, dimethylearballylic acid and dimethylmalonic 
acid are products of oxidation of fenchone, has concluded that 
Wallach’s formula is incorrect and has put forward the following : 

CH 2—© H—CMe, 
CH, 
CH. .—CMe-UO 

Although this formula foreshadows the difficulty with which 
fenchone is brominated, there is no obvious reason why such a 
compound should not yield a B-sulphonic acid with the same readiness 
as a-methyleamphor; moreover, the formula in no way gives ex- 
pression to the production of m-cymene. 

It is suggested that the following formula would better represent 
the formation of this hydrocarbon and would likewise show why 
fenchone should not be brominated readily nor be converted into a 
A-sulphonic acid by Reychler’s method. 


CH,°CH,"CMe 
ii 
CMe, 
| | 
CH,-CH-CO 


A monobromo-derivative of a-methyleamphor isomeric with that 
obtained directly from a-methyleamphor was prepared by Minguin 
(loc. cit.) by acting on methylenecamphor with a solution of hydrogen 
bromide in glacial acetic acid. 

Haller and Minguin (Compt. rend., 1900, 130, 1362 ; 1901, 133, 
79) found that a-benzyleamphor on bromination gives rise to two 
stereoisomeric a -bromo-a-benzylcamphors (I and IL), which melt respee- 
tively at 94—95° and 90—91°; whilst the isomeride formed by adding 
hydrogen bromide to benzylidenecamphor is an w-bromo-a-benzyl- 
camphor (III) melting at 146°. 


Br(a) CH, Ph(a) H 
C< ‘ << e oct 
C.H,, CH,Ph(a’) Gay 7) ~Br(e) OH, 4) CHBr-Ph 
CO () CO 
(I.) IL) (IIL) 


Minguin therefore supposed, on the assumption that a-methyl- 
camphor was the analogue of a-benzylcamphor, that the compound 


ot 


ist 
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obtained directly was a’-bromo-a-methyleamphor (IV) and that the 
isomeride was w-bromo-a-methyleamphor (V). 


JA — Br 
Cot C mc) | 
(IV.) ~f 


It seemed not improbable, however, that since these isomerides, like 
the isomeric a’-bromo-a-benzyleamphors, melt within a few degrees of 
each other, the melting points being 61° and 65° respectively, they 
might be stereoisomeric a’-bromo-a-methylcamphors, thus : 

Br(a) PRBS 
0,1, 6 Br(a’) 
\oo 

Now Lowry has shown (Trans., 1906, 89, 1033) that a-mono- 
substituted derivatives of camphor, such as a-bromocamphor, are 
partly converted into their stereoisomeric forms by the addition of traces 
of sodium ethoxide to their alcoholic solutions, the change being 
accompanied by a change in the optical rotatory power of the solution, 
It therefore seemed possible that, by investigating the effect of alkali 
on the optical rotatory powers of alcoholic solutions of the two mono- 
bromo-derivatives of a-methylcamphor, the correctness, or otherwise, 
of the above supposition could be tested. However, neither of the 
alcoholic solutions of the isomerides showed any change in optical rota- 
tory power on the addition of alkali, although, as was proved later, one 
of the isomerides is w-bromo-a-methyleamphor as stated by Minguin (oc. 
cit.). Further examination of a-methyleamphor and its B-substituted 
derivatives showed that these compounds, although, still containing an 
atom of hydrogen in the a-position, apparently do not undergo stereo- 
isomeric change in alcoholic solution under the influence of alkali. It 
appears not improbable therefore that, under these conditions, only 
those a-mono-substituted derivatives of camphor undergo stereoisomeric 
change in which the substituting radicle is strongly negative in 
character, as was the case in the compounds investigated by Lowry, 
unless it be that, in the above cases, the change takes place very 
rapidly before the addition of alkali and escapes observation. 

The action of potassium permanganate on the isomerides was first 
investigated. Although both are but slightly affected by this agent, 
nevertheless, under similar conditions, it is noticeable that the colour 
of the permanganate is discharged more readily and that more bromide 
is found in solution in the case of the compound described by Minguin as 
v-bromo-a-methyleamphor than in the case of a’-bromo-u-methyleamphor. 
Again, the former compound remains unaltered in the presence of cold 
uitric acid (sp. gr. 1-4), whereas the latter readily parts with its aan 
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when similarly treated. This difference in the behaviour of the two 
compounds being scarcely that to be expected in the case of stereo. 
isomerides, their comparative study was continued: finally it was 
found possible to brominate one isomeride, namely, the w-bromo-c. 
methyleamphor, whilst the other isomeride, a’-bromo-a-methylcamphor, 
remained unattacked. 

The compound obtained by brominating w-bromo-a-methyleamphor 
is wa-dibromo-a-methyleamphor, since it is identical with the com. 
pound obtained by the addition of bromine to methylenecamphor. 

As regards the properties of the individual derivatives of a-methyl- 
camphor described in this paper, little need be said. Generally 
speaking, they are very similar to the corresponding camphor com. 
pounds in their ordinary chemical and physical characteristics. Asa 
rule, however, the melting point of the compound is lowered by the 
introduction of the methyl group into the a-position, whilst the 
specific rotatory power remains approximately the same ; this will be 
seen by reference to the following table, in which are given the specific 
rotatory powers and melting points of the corresponding derivatives of 
d-camphor and a-methylcamphor. 


Compound, M. p. [a]. 

CIE ai ciasnesecops sasieniasicenteats 175° + 43° (alcohol) 
a-Bromocamphor ............s+seereeeeeeees 76 +135 (alcohol) 
Camphor-8-sulphonic acid.............+ 193 +21 (water) 
Camphor-8-sulphonyl chloride .......... 67—68 +31 (chloroform) 
Camphor-§-sulphonamide ...........0668 132 +1°5 (chloroform) 
B-BromocMpnol «0.3006. 665ss0s0sese0s0000 78 +19 (alcohol) 
@-Methylcamphor.............ccseecseseeees 38 +30 (alcohol) 
a’-Br: mo-a-methyleamphor ............ 62°5 +180 (alcohol) 
a-Methylcamphor-8-sulphonic acid..... 114—116 +18 (water) 
a-Methylcamphor-8-sulphonyl chloride 33 +29 (benzene) 
a-Methylcamphor-8-sulphonamide...... 150 — 6°3 (chloroform) 
B-Bromo-a-methyleamphor ............... 55 +18 (alcohol) 


Thus, although the introduction of the methyl group into the 
a-position involves the production of a third asymmetric carbon atom 
within the molecule, no marked change in the rotatory power is 
induced. This is what might be expected, since the greater the 
dissimilarity of the radicles occupying the aa’-positions the greater is 
the change produced in the specific rotatory power of the compound. 
This is at once seen from the following examples : 


CNR avin sas cv crssiesecces [a], +43° | a-Bromocamphor............ [a], + 135° 
a-Methyleamphor ......... [a]» +30 a-Chloro-a'-bromocamphor [a], +10 
«-lodocamphor............... [aJy +160 aa’-Dibromocamphor ...... [a], +40 


A great difference exists, however, between the specific rotatory 
powers of the oximes of the two compounds, As was shown by 
Beckmann (Annalen, 1889, 250, 354), the oxime obtained from d-cam- 
phor has the specific rotatory power [a], — 42°; that of the oxime 
prepared from a-methylcamphor is [a], +30° (both in alcoholic solu: 
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tion). It therefore seems not improbable that the two oximes have a 
different structure. In harmony with this conclusion is the fact 
that camphoroxime is soluble in alkali, whilst a-methyleamphoroxime 
is insoluble. 

Reference may also be made here to the fact that a-methylcam- 
phoroxime undergoes dehydration as readily as camphoroxime itself 
when heated with dilute sulphuric acid, showing that substitution in 
the a-position has no marked influence on the readiness with which 
the nitrile is formed. 

In conclusion, mention may be made of what appears to be a case 
of isomorphism met with in the present investigation. 

In an attempt to separate a mixture of camphor and its a-methyl 
homologue by bromination and subsequent fractional crystallisation of 
the resulting product, a substance was obtained which, although it 
melted within a degree of the temperature given by Minguin as the 
melting point of a’-bromo-a-methylcamphor, on analysis was found 
to contain more bromine than was required by theory. Subsequently, 
it was shown to be a mixture of aa-dibromo- and a’-bromo-a-methyl- 
camphor, which remained practically constant in composition notwith- 
standing repeated crystallisation. 

That the two compounds are in all probability isomorphous follows 
from the fact that they both crystallise in the orthorhombic system 
and have the axial ratios : 


aa’-Dibromocamphor ............ 1°5778 : 1: 2°0685 “oo Monatsh. , 1882, 
. 251). 
a'-Bromo-a-methyleamphor...... 0°7604 :1:0°4921 (Minguin, Compt, rend., 19038, 
136, 752). 


Multiplying a by 2 and c by 4, we obtain the axial ratios for the latter 
compound : 1°5208: 1: 1°9684. 

It seems therefore that a’-bromo-a-methyleamphor belongs to the 
isomorphous series the existence of which was first pointed out by 
Lowry (Trans., 1898, 73, 574) : 


aa’-Dibromocamphor........... 60.0.6... 1°5778 : 1 : 2°0685 
a’-Chloro-a-bromocamphor ............ 1°5395 :1:1°9144 
a-Chloro-a’-bromocamphor ............ 1°5338 : 1 : 19020 
aa’-Dichlorocamphor .. .............45 1°4820 : 1 : 1°8358 
a’-Bromo-a-methyleamphor............ [1°5208 : 1 : 1°9684] 


EXPERIMENTAL. 


a-Methyleamphor was first prepared by Minguin (Compt. rend., 1891, 
112, 1370) from methyl a-methyleamphor-a’-carboxylate. Since this 
method of preparation, commencing with camphor, necessitates the 
preparation of three intermediate compounds, attempts were made at 
the beginning of the investigation to synthesise this compound directly 
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from camphor by acting on the sodium derivative of the latter with 
methyl iodide. 

Finely-powdered sodamide was added to a solution of camphor jn 
dry benzeue in a flask fitted with a reflux condenser and the mixture 
heated until ammonia ceased to be evolved; methyl iodide was then 
added very cautiously to the sodium camphor so obtained and the whole 
heated for some time; the product was shaken several times with 
water to remove the sodium bromide and then repeatedly extracted 
with a mixture of four parts of concentrated sulphuric acid with one 
part of water. On pouring the acid extract into water, an oil was 
precipitated ; this was separated by steam distillation from the acid 
liquid, dried, and fractionally distilled. The chief fraction passed 
over between 215—218°; it solidified after some time at about 10° 

Since a-methyleamphor boils at 220°, it was evident that this fraction 
was not pure a-methyleamphor but probably a mixture of this com- 
pound with unchanged camphor, As it was impossible by mere fractional 
distillation to effect a separation of the two substances, it was decided 
to brominate the mixture and submit the product to fractional crys- 
tallisation so as to obtain a’-bromo-a-methyleamphor, from which pure 
a-methyleamphor could be prepared by treatment with zine dust in 
alcoholic solution. 

The fraction boiling at 215—218° was therefore heated in a flask 
on a water-bath and bromine added, drop by drop, slightly in excess 
of the quantity required by theory. The mixture having been heated 
until hydrogen bromide ceased to be evolved was shaken with a dilute 
solution of sodium hydroxide and the pasty mass so obtained fraction- 
ally distilled in steam. The solid product was purified by crystallisa- 
tion from alcohol and then from light petroleum, from which solvent 
it crystallised in large prisms melting at 62°. It was at first thought 
that this product was a’-bromo-a-methyleamphor, which according to 
Minguin (Compt. rend., 1903, 136, 752) melts at 61°. However, on 
analysis, this was found not to be the case: 

I. 0°2303 gave 0°1986 AgBr. Br=36°70. 

Il, O-1768 ,, 01524 AgBr. Br=36°68. 

C,,H,;OBr requires Br = 32°65 per cent. 
' The substance was then recrystallised three times from light 
petroleum and again analysed : 

I. 0°1871 gave 0°1621 AgBr. Br=36-87. 

If. 01790 ,, 01550 AgBr. Br=36-85, 


From these results, it is clear that the composition of the substance 
had undergone no change during the recrystallisation. ‘The observed 
rotation of an ethyl-alcoholic solution containing 0°7542 gram per 
15 c.c. of solution in a 2-dem. tube at 20° was +14°64°, whence 
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aj) + 145°4°. The specific rotatory power of a’-bromo-a-methyleamphor 

is[a]) + 184°4°. Now if the substance were an impure a’-bromo-a-methyl- 
camphor, it follows from these figures that the impurity must have been 
one containing more bromine and of smaller specific rotatory power than 
this compound, Since aa’-dibromocamphor melts at 61° and has the 
specific rotatory power [a], +40°, it was thought probable that the 
impurity might be aa’-dibromocamphor. Some of the substance was 
therefore mixed with a little aa-dibromocamphor and the melting 
point of the mixture determined ; it was found to be 61°. This result 
tends to show the correctness of the conclusion; it may here 
be mentioned that subsequently, when the substance containing 
36°7 per cent. of bromine was heated with a large excess of alcoholic 
potash, not only was methylenecamphor obtained but also a-bromo- 
camphor, m. p. 76°, derived from the aa-dibromocamphor present. 
An attempt was made to obtain pure a’-bromo-a-methyleamphor from 
the mixture by treatment with small quantities of alcoholic potash, 
the object being to convert the aa-dibromocamphor into a-bromo- 
camphor and by fractional crystallisation to separate this compound 
from the a’-bromo-a-methyleamphor ; but this was not a success. 


Hydrolysis of Methyl a-Methylcamphor-a’-carboxylate. 


Since pure a-methyleamphor could not be obtained directly from 
camphor, it was prepared by hydrolysing methyl a-methyleamphor- 
a-carboxylate. Briihl (Ber., 1902, 35, 3622) has shown that when a 
mixture of this ester with five times its weight of 15 per cent. sodium 
methoxide in methyl alcohol is heated for about four hours at 80°, 
it is completely hydrolysed, a-methyleamphor-a’-carboxylic acid being 
formed together with some a-methyleamphor. It seemed probable, 
therefore, that a complete conversion into a-methyleamphor would 
be effected by prolonged heating, and that the rather objectionable 
method originally used by Minguin, namely, treatment of the ester 
with alcoholic potash in sealed tube at 120—130° for twelve hours, 
wight be dispensed with. However, it was found that even after 
heating the ester with sodium methoxide on a water-bath during 
twenty-four hours only about one-half had been converted into 
amethyleamphor, so it was decided to use alcoholic potash as the 
hydrolysing agent and an autoclave instead of sealed tubes. 

A flask containing 110 grams of the ester dissolved in about 
{00 ce. of 95 per cent. ethyl alcohol, to which had been added a 
solution of 60 grams of potassium hydroxide in 50 c.c. of water, 
was placed in an autoclave; this was heated in an oil-bath the 
temperature of which was maintained at 160—170° during about 
twelve hours, The liquid in the flask was then poured into a fairly 
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large quantity of water, the a-methyleamphor was extracted with ether 
and the ethereal solution dried and fractionally distilled. At first 
ether and alcohol passed over, after which were obtained the following 
fractions: J, 216—220°=16 grams. II. 222—223°=26 grams, 
III. 223—233=15° grams.  Refractionation yielded a fraction 
boiling at 220—221°, which solidified on cooling to a crystalline solid 
melting at 37—38, the temperature given by Minguin. Further 
purification may be effected by diluting a 5 per cent. alcoholic solution 
with a moderately large bulk of water ; the a-methyleamphor separates 
from the diluted alcohol in white, glistening leaflets melting at 
38—39°. An ethyl-alcoholic solution of the compound containing 5 
grams per 100 c.c. of solution gave[a{> +30°0°. Minguin in his first 
communication on a-methyleamphor (Compt. rend., 1891, 112, 1370) 
gives [a],, + 270°65° (1°66 grams per 10 c.c.), which value is that quoted 
in all text-books. Subsequently (Compt. rend., 1903, 136, 752) he 
gives the value [a], +27°65°. The addition of sodium ethoxide to the 
alcoholic solution of a-methyleamphor is unaccompanied by any change 
in the specific rotatory power of the solution, so that, although still 
containing a hydrogen atom in the a-position, a-methylcamphor is 
apparently not converted into its stereoisomeride under the influence 
of sodium ethoxide. 


a'-Bromo-a-methylcamphor. 


This compound, originally obtained by Minguin by treating 
a-methyleamphor dissolved in carbon disulphide with bromine, is more 
readily prepared by gradually adding the theoretical quantity of 
bromine to the alkyleamphor contained in a flask heated on a water- 
bath. When hydrogen bromide ceases to be evolved, the crude 
product is washed with dilute sodium hydroxide and recrystallised 
several times from hot alcohol, from which it separates in crystals 
melting at 62°5° (Minguin gives 61°) and resembling ammonium 
chloride. A mixture of four parts of this compound with one part 
of aa’-dibromocamphor (m. p. 61°) was found to melt at 60—61°°, 
so that the conclusion arrived at above with reference to the 
compound obtained by the bromination of the mixture of camphor 
and a-methyleamphor receives additional support : 

01864 gave 0°1438 AgBr ; Br= 32°82. 

01510 ,, 01154 AgBr; Br=32°52. 

C,,H,,OBr requires Br = 32°65 per cent. 

The specific rotatory power was determined in 99:5 per cent. ethyl- 
alcoholic solution, the concentration being 5 grams per 100 c..; 
the value obtained was [a]}? +184-4° (Minguin gives [a], + 176°). 
The specific rotatory power twenty hours after the addition of 
sodium ethoxide to make the solution approximately .V/1000 was 
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(aj) +184:1°; in other words, a-bromo-a-methylcamphor undergoes 
po stereoisomeric change in the presence of traces of sodium ethoxide. 
Similarly, a benzene solution containing 0°6966 gram per 15 c.c. of 
solution was examined in a 2-dem. tube at 25°. The rotation observed 
was +17°73°, whence [a]> +190°8°. One drop of piperidine was then 
added to the contents of the tube ; the rotation observed twenty-four 
hours after the addition of the base was +17°70°, so that no isomeric 
change had been produced by the presence of this base. 


w-Bromo-a-methyleamphor. 


This isomeride of the compound just described is prepared by 
the addition of hydrogen bromide to methylenecamphor. The latter 
compound is obtained by boiling for sixteen hours a solution of 30 
grams of a'-bromo-a-methyleamphor in 140 ec. of alcohol with 30 
grams of potassium hydroxide dissolved in an equal weight of water. 
The brown solution thus obtained is diluted with water, distilled in 
steam, the distillate extracted with ether, and the ethereal solution dried 
and then fractionally distilled. The portion which passes over between 
216° and 219°? (10 grams) is practically pure methylenecamphor. 

In order to bring about the interaction of hydrogen bromide and 
methylenecamphor, the latter compound is dissolved in about three 
times its weight of a cold saturated solution of hydrogen bromide in 
glacial acetic acid and the mixture allowed to stand in a stoppered 
bottle at the ordinary temperature for at least six weeks. At the end 
of this period, the light brown solution is diluted with a large volume 
of water, the heavy oil which separates is washed with dilute sodium 
hydroxide and the pasty mass so obtained washed thoroughly with 
water and dried on a porous plate. The crude product is best purified 
by crystallisation from alcohol, from which solvent it crystallises in 
colourless prisms melting at 65—66°: 

01444 gave 01116 AgBr. Br=32°88. 
01734 ,, 01330 AgBr. Br=32-64. 
C,,H,,OBr requires Br = 32°65 per cent. 


The specifie rotatory power was determined in 99°5 per cent. ethyl- 
alcoholic solution containing 5 grams per 100 c.c. The value obtained 
was [a];) + 155°4°: Minguin gives [a], +150°5°. 

The specific rotatory power twenty hours after the addition of 
sodium ethoxide to render the solution approximately 1/1000 was 
[a]3" +155:2°, so that this compound also appears to undergo no 
stereoisomeric change in the presence of sodium ethoxide. With the 
object of confirming this result, a benzene solution containing 0°57 
gram per 15 c.c. of solution was examined in a 2-dem. tube at 25°. 
The rotation observed was + 10°08°, whence [a] +132°6°. One hour 
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after the addition of a drop of piperidine to the contents of the 
tube, the observed rotation was +10°1°; the rotation twenty-four 
hours after the addition of the base could not be accurately determined, 
owing to the separation of fine needle-shaped crystals of piperidine 
hydrobromide; however, no very marked change in the rotatory 
power could be detected. 

The fact that the addition of alkali to the solution had no effect 
on the optical rotatory power seemed to support the suggestion that 
this compound is an a-bromo-a-methyleamphor ; in other words, a 
stereoisomeride of the compound melting at 62°5°. Further investiga- 
tion, however, proved this to be incorrect. 


Action of Potassium Permanganate and Nitric Acid on the Isomeric 
Monobromo-derivatives of a-Methyleamphor. 


The two isomerides were treated under exactly identical conditions 
with equal volumes of an aqueous solution of potassium permanganate ; 
although both remained practically unaffected by this agent even 
after very prolonged heating, nevertheless it was observed that the 
colour of the permanganate was discharged quicker and more bromide 
was found in solution in the case of the isomeride melting at 65—66° 
than in that melting at 62°5°. 

A still greater difference was observed in the behaviour of these 
substances towards concentrated nitric acid (sp. gr. 1°42). When the 
isomeride melting at 62°5° is added to nitric acid containing in suspen- 
sion some finely-divided silver nitrate, it at once becomes oily and almost 
immediately a dense, yellow precipitate of silver bromide appears the 
quantity of which increases considerably on standing. On the other hand, 
the isomeride melting at 65—66° does not give a precipitate of silver 
bromide when similarly treated and may he recovered unchanged even 
after standing some days in contact with the acid. This result tends 
to confirm Minguin’s conclusions, since it is to be expected that 
a'-bromo-a-methyleamphor melting at 62°5° would lose bromine more 
readily than w-bromo-a-methyleamphor melting at 65—66°. 

A yellow oil slightly denser than water was obtained by steam 
distillation from the product of the interaction of a’-bromo-a-methyl- 
camphor and nitric acid ; as the quantity was small, it was not further 
investigated ; it was in all probability an a’-nitro-a-methyleamphor. 


Action of Bromine on the Isomerides. Preparation of w-a’-Dibromo-a- 
methyleamphor, C,,H,,Br(CH,Br)0. 


When a mixture in equimolecular proportions of the compound 
melting at 65—66° and bromine is heated on a water-bath, hydrogen 
bromide is evolved, the mixture becoming almost colourless. The 
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f the crude substance thus obtained, after washing with dilute sodium 
fous hydroxide and finally with water, is readily puritied by crystallisation 
ined, from hot alcohol, from which solvent it is obtained in long, slender, 


colourless, silky needles melting at 108—109°. The compound thus 
formed is a dibromo-derivative of a-methyleamphor : 

01430 gave 0°1663 AgBr. Br= 49-49. 

effect 01604 ,, 01865 AgBr. Br= 49°48. 

that C,,H,,OBr, requires Br = 49°35 per cent. 


idine 
atory 


ds, a When similarly treated with bromine, the isomeride melting at 
stiga- §2°5° remains unattacked ; there is therefore little doubt that this 
compound is a’-bromo-a-methyleamphor, whilst the isomeride melting 
at 65—66° is w-hromo-a-methyleamphor. 

meric That the above dibromo-derivative of a-methyleamphor is un- 
doubtedly w-a’-dibromo-a-methyleamphor follows from the fact that 
the same compound is produced by the addition of bromine to 
methylenecamphor. When the latter compound is mixed with the 
theoretical quantity of bromine, it is at once evident that interaction 
has taken place, since heat is generated and the colour of the halogen 
slowly disappears. After two or three crystallisations from hot spirit, 
the product melts at 108°; a mixture of this substance with that 
obtained by brominating w-bromo-a-methyleamphor melts at 108°. 
w-a'-Dibromo-a-methyleamphor is only moderately soluble in cold 
alcohol or light petroleum but is readily so in benzene, from which it 
crystallises in stout, colourless prisms. 

For the determination of the rotatory power, a benzene solution 
containing 0°715 gram per 15 c.c. of solution was examined in a 
aah 2-dem. tube at 20°, The rotation observed was +11°203°, whence 
iad (al) +117°5° 

even a-Methyleamphor-B-sulphonic Acid. 
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ends This acid is obtained quite readily from a-methyleamphor by the 
that method originally described by Reychler (Bull. Soc. chim. 1898, 19, 
— {iii}, 120). A mixture of acetic anhydride and sulphuric acid is 
prepared by cautiously adding two parts by weight of the latter com- 
pound to four parts by weight of the former and to the mixture is added 
three parts of a-methyleamphor. The slightly brown solution, after 
standing several days in the cold, deposits large, transparent crystals 
of the sulphonic acid ; if, however, a little of the solid acid be added to 
the mixture even after standing only twenty-four hours, a copious 
separation of the sulphonic acid at once takes place. When no more 
sulphonic acid separates out, the liquid is allowed to drain away from 
the crystalline mass, which is then washed two or three times with 
small quantities of glacial acetic acid and finally purified by recrystal- 
lisation from hot ethyl acetate. The sulphonic acid remaining in the 
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acid mother-liquor may be separated by boiling the diluted mixture 
several hours with animal charcoal until practically the whole of the 
acetic acid has been volatilised, when the liquid is filtered and 
neutralised with barium carbonate. The barium salt separates from 
the filtered solution when sufficiently concentrated and is best purified 
by recrystallisation from water. 

a- Uethylcamphor-B-sulphonic acid crystallises from hot ethyl acetate 
in large, transparent prisms, which quickly become opaque when re- 
moved from the solution. It is an exceedingly deliquescent substance, 
which melts at 114—116° but is decomposed ; it dissolves readily in 
cold water and hot glacial acetic acid or ethyl acetate. The observed 
rotatory power of an aqueous solution containing 0°7608 gram per 
15 c.c. of solution in a 2-dem. tube at 20° was +1°897°, whence 
[a] +18°7°. 

Barium a-methyleamphor-B-sulphonate, (C,,H,,0,8),Ba,6H,0, crystal. 
lises from hot aqueous solutions of suitable concentration in large, 
stout, transparent, hexagonal plates, which melt in their water of 
crystallisation at 66°. The salt parts with the whole of its water of 
crystallisation when kept in a desiccator over concentrated sulphuric 
acid for two or three days: 

05740 gave 0'1770 BaSQ,. Ba=18:15. 0°4950 gave 0:1536 BaS0,,. 
Ba = 18°26. 0°5628 gave 0°1740 BaSO,. Ba=18-20. 

0°4260 lost 0°0626 H,O. H,O=14°69. 0°5982 lost 0:0889 H,0. 
H,O=14'86. 0°4954 lost 0°0750 H,O. H,O=15:13. 

(C,,H,,0,8),Ba,6H,O requires Ba= 18°68 ; H,O = 14°69 per cent. 

The potassium salt could not be obtained in a crystalline form; an 
aqueous solution evaporated on a water-bath leaves a somewhat gelatin- 
ous residue, which becomes quite hard and brittle on standing a few 
days in a vacuum desiccator over sulphuric acid. 

a-Methylcamphor-B-sulphonyl chloride, C,,H,,0°SO,Cl, is prepared by 
rubbing together phosphorus pentachloride and a slight excess of the 
anhydrous potassium sulphonate. The semi-solid mixture is allowed 
to stand for two or three hours and then poured on to, and intimately 
ground up with, a large quantity of finely-powdered ice, after which the 
solid sulphony] chloride is collected, washed well with ice-water, and 
dried in a vacuum desiccator. The crude substance is purified by 
crystallisation from light petroleum at temperatures below 10°: 

0°1972 gave 0'1054 AgCl. Cl=13-20. 

0°3366 ,, 01798 AgCl Cl=13°19. 

C,,H,,0,CIS requires Cl = 13°39 per cent. 

The sulphony] chloride crystallises in transparent, prismatic needles, 

which melt at 33°; it isa fairly stable substance which is readily dis- 
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solved by most organic solvents. The observed rotation of a 5 per cent. 
solution in benzene in a 2-dem. tube was +2°95°, whence [a]}} + 29°5°. 
a-Methylcamphor-B-sulphonamide, C,,H,,0°SO,*N Hg, is obtained when 
the sulphonyl chloride is treated with a concentrated aqueous solution 
of ammonia. To separate it from any anhydramide which may 
possibly be formed at the same time, it was crystallised twice from hot 
water—in which the anhydramide is only very sparingly soluble—and 
finally from either hot alcohol or benzene: 
0:2372 gave 11°65 c.c. N, (dry) at 125° and 756 mm. N=5°86, 
01898 , 85ee ,, » 135° ,, 7492 mm. N=5°80. 
C,,H,,0,NS requires N = 5°72 per cent. 
The sulphonamide crystallises from hot water in long, silky needles, 
and from hot alcohol in transparent prisms, which melt at 150°. 
Unlike camphor-8-sulphonamide, it does not lose water when heated 
above its melting point and may even be heated to 200° without 
undergoing decomposition. 
The observed rotation effected by a chleroform solution containing 
0376 gram per 15 c.c. of solution in a 2-dem. tube at 20° was — 0°316°, 
whence [a]j) — 6°3°. 
a-Methylcamphor-B-sulphonanhydramide.—As was first observed by 
Lowry (Trans, 1902, 81, 1448), camphor-8-sulphonamide when covered 
with a concentrated solution of hydrogen chloride quickly dissolves and 
in a few minutes the anhydramide separates from the solution. The 
behaviour of a-methylcamphor-f-sulphonamide towards the acid is 
somewhat similar, although in this case it is necessary to heat the acid 
in order to dissolve the sulphonamide. 
The anhydramide separates very slowly from the solution so ob- 
tained on standing : 
01918 gave 10 c.c. N, (dry) at 17° and 754-°2 mm. N=6'1l. 
01900 , I10lee , , 15° ,, 746 mm. N=6-20, 
C,,H,,0,NS requires N = 6°16 per cent. 
The anhydramide is practically insoluble in cold water and alcohol, 
sparingly soluble in hot alcohol. It separates from a solution in hot 
alcohol as a fine crystalline powder, which melts at 167°5°. 
B-Bromo-a-methylcamphor, ©,,H,,OBr, is formed when a-methyl- 
camphor-B-sulphonyl bromide is heated, sulphur dioxide being simul- 
taneously evolved. The sulphony/ bromide, prepared by the interaction 
of phosphorus pentabromide and the anhydrous potassium sulphonate, 
could not be obtained in the solid state, so the oily substance was 
dissolved in dry xylene and the solution boiled in a flask, fitted with 
a reflux condenser, for about twelve hours. At the end of this period, 
sulphur dioxide had ceased to be evolved, so the resulting solution 
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of B-bromo-a-methyleamphor was submitted to fractional steam dis. 
tillation. At first, practically only xylene passed over with the water 
vapour but towards the end of the distillation an oil passed over 
which was heavier than water. On standing, traces of xylene present 
in the oil evaporated off and left a solid which crystallised from 
dilute alcohol in silky needles melting at 55°: 

01180 gave 0°0908 AgBr. Br=32°74. 

C,,H,,OBr requires Br = 32:65 per cent. 

The observed rotation effected by an ethyl-alcoholic solution con. 
taining 0°2586 gram per 15 c.c. of solution in a 2-dem. tube at 25° 
was +0°65°, whence [a]j}+18°8°. The specific rotatory power 
twenty-four hours after the addition of sodium ethoxide to render the 
solution approximately 1/100 was [a]jf+18°0°. It is therefore 
evident that 8-bromo-a-methylcamphor is not converted into £-bromo- 
a’-methyleamphor under the influence of sodium ethoxide. £-Bromo 
a-methyleamphor is extremely soluble in the common organic solvents, 


a-Methyleamphoroxime, C,,H,.:NOH. 


a-Methyleamphor yields an oxime but not quite so readily as 
camphor. It may be prepared as follows: A solution of 20 grams of 
hydroxylamine hydrochloride in an equal weight of hot water is added 
to a solution of 11 grams of a-methyleamphor in 150 c.c. of alcohol 
and to the mixture is added 12 grams of finely-powdered potassium 
carbonate. The mixture is kept at the ordinary temperature for a day, 
then heated to boiling and again kept at the ordinary temperature for 
several days, after which it is diluted considerably with water and the 
viscid oil which separates submitted to fractional steam distillation. 
At first, an oil passes over with the water vapour but after some time 
a very viscid oil distils over, which solidifies very slowly on standing. 
This crude material is purified with some difliculty by repeated crystal- 
lisation from dilute alcohol (1: 1), from which it separates in crystals 
resembling ammonium chloride ; from more dilute alcohol, it crystallises 
in long, s!ender needles melting at 55°: 

0°2002 gave 13°65 c.c. N, (dry) at 23° and 745 mm. N=7°77. 

071506 ,, 103 ce. o » 19° , 753mm. N=7°94. 

C,,H,,ON requires N =7‘73 per cent. 
a-Methylcamphoroxime possesses a strong camphor-like odour, is 
extremely soluble in all common organic solvents, but unlike campbor- 
oxime, it does not dissolve in aqueous alkalis. 

The specific rotatory power was determined in 99°5 per cent. ethyl 
alcoholic solution. The values obtained were [a] +30°3° (5 grams 
per 100 c.c. of solution) and [a]? +32-0° (2°5 grams per 100) c.c. of 
solution), 
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The Hydrochloride.—When dry hydrogen chloride is passed into a 
solution of the oxime in dry ether, a copious precipitate of the hydro- 
chloride is obtained in silky needles. It melts but undergoes decom- 
position at 138° and is hydrolysed by water : 

0:1692 required 7°45 c.c. of V/10 KOH. HCl=16-05. 

C,,H,,ONCI requires HCl = 16-75 per cent. 

a-Methyleamphoroxime dissolves in warm dilute sulphuric acid, 
forming a clear solution, which, however, when heated to boiling, 
quickly becomes turbid, owing to the separation of a pleasant smelling 
oil. This was separated from the dilute acid by steam distillation, 
dried and fractionally distilled. The principal fraction, which passes 
over between 226° and 228°, is a colourless oil possessing a somewhat 
peppermint-like odour. From its mode of formation, it is in all 
probability methyleampholenonitrile, produced by the dehydration of the 
oxime by the dilute sulphuric acid, since, when boiled with alcoholic 
potash, ammonia is slowly evolved. The acid formed by the hydrolysis 
of the nitrile has not yet been investigated. 


In conclusion, the author desires to express his thanks to Professor 
H. E. Armstrong for suggesting this work, and for the valuable advice 
he has given him in carrying it out. 

CHEMICAL DEPARIMENT, CiTy AND GuisDs oF Lonpon INsTITUTE, 
CENTRAL TECHNICAL COLLEGE. 


CXXIV.— Viscosity Determinations at High 
Temperatures. 
By Cartes Epwarp Fawsirv. 


Tne experimental determination of the viscosity of liquids at high 
temperatures constitutes rather a difficult problem. That this subject 
should have been so much avoided hitherto is to be regretted, as, 
apart from the stoicheiometrical relations involved, the bearing of this 
property on crystallisation deserves close examination. In the present 
communication the results from the examination of some fused salts 
and metals are submitted. 

A few determinations of viscosity at high temperatures have already 
been carried out. Koch (Wied. Annalen, 1881, 14, 1) has determined 
the viscosity of mercury over a large range of temperature. Beck 
(Zeitsch. physikal. Chem., 1907, 58, 425) has determined the viscosity 
of mercuric bromide and iodide. Lorenz and Kalmus (Zeitsch. 
physikal. Chem., 1907, 59, 244) have determined the viscosity of five 
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fused salts. Goodwin and Mailey (Phys. Review, 1908, 26, 28) have 
worked on the viscosity of a number of nitrates, and have also deter. 
mined their eiectrical conductivities. All these results are confined to 
temperatures below 600°, and the experimenters were able to use the 
capillary method in all cases, Some interesting measurements at 
higher temperatures have been made on silicates by Doelter 
(Sitzungsber. K. Akad. Wien, 1905, 114, 529), and Arndt (Zeitsc), 
Elektrochem., 1907, 13, 578) has determined the viscosity of sodium 
metaphosphate and boric anhydride. The two last-named experi- 
menters have worked with liquids of very high viscosity, and their 
methods of experiment are of no use for the determination of the 
viscosity of fused metals or of the majority of salts, as these have a 
relatively low viscosity. 

Method.—_In a communication recently published (Proc. Roy. Soc., 
1908, 80, A, 290) the author has given a general description of a 
method devised more especially for the determination of the viscosity 
of fused metals and salts. In this method a small disk of iron, 
platinum, or fireclay is allowed to oscillate torsionally in the liquid, 
the viscosity of which is to be determined. From the observations it 
is possible to calculate the logarithmic decrement of the amplitude, 
and from this the viscosity of the liquid, provided its density is known. 
The apparatus is standardised in three liquids of known viscosity and 
density. Having standardised the apparatus, it is advisable to test it 
in a further number of liquids of known viscosity in order to find what 
degree of accuracy is obtainable. It was found that with a disk of 
26—29 mm. diameter, the accuracy obtainable could be taken as 
+2 per cent, In using the disk at high temperatures, a small 
correction for its expansion is made. The disk is attached at its 
centre to a thin rod, which at its upper end is attached to a copper 
suspension wire. ‘The wire used in these experiments was about one 
metre long, and the period of oscillation of the apparatus about 
eight seconds, The period was practically identical in all the liquids 
examined. _ The apparatus was first of all allowed to swing in air and 
the logarithmic decrement noted. It was then allowed to swing in the 
three standardising liquids. These should be chosen so that one at 
least of them has a viscosity and density near to the viscosity and 
density of the liquid, the viscosity of which is to be determined, 
When working with salts, the three liquids used were water, chloro- 
form, and fused sodium nitrate. When working with metals, mercury, 
chloroform, and isobutyl alcohol were taken. 

Whilst this method appears at first sight to have great simplicity, 
its application is nevertheless attended with some difliculties. The 
difficulties are due to errors caused by impurities on the surface of the 
liquid. When the disk is allowed to sink into the liquid, the only 
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part of the apparatus which comes in contact with the surface is the 
relatively thin stem. The diameter of the stem was 2 mm., and it 
might be imagined that the impeding action of any surface impurity 
on this would be so slight as to be negligible. ‘That is, however, not 
so; the surface of any liquid, and more especially the surface of a 
metal (even if non-oxidisable), is liable to have its surface skin rendered 
very viscous, although no visible impurity is present. The cause of 
this is undoubtedly the presence of some dust or dirt in an amount 
too small to be visible. The errors caused by such impurities easily 
amount to 10 per cent. When any visible impurity is present on the 
surface, experiment is hopeless. When every care is taken to prepare 
mercury pure and clean, the surface skin is not any more viscous than 
any layer in the interior. But if it be allowed simply to stand, it will 
soon become much more viscous. ‘The most satisfactory method of 
experiment with mercury or any other metal is to cover the surface 
with another liquid. In the case of mereury, it will be found that a 
thin layer of very dilute nitric acid keeps the surface in good con- 
dition. Below 270° (molten tin), it is possible to get a good, clean 
surface by covering with melted resin. From 270° upwards for about 
two hundred degrees, a cover of zinc and ammonium chlorides answers 
well. At higher temperatures, the only cover which gave any results 
was borax. Attempts were made to keep the surface of oxidisable 
metals clean by filtering them and then keeping them in an atmo- 
sphere of carbon dioxide ; in all cases, however, a very small amount 
of oxygen leaked in, and this sufficed to spoil the results. It is 
undoubtedly best to use a cover of some kind. 

In the experiments with both metals and salts, a large number of 
observations were made at each temperature given. As all the 
errors are in the direction of producing results that are too high, the 
lowest results have always been considered the correct ones, and the 
numbers for viscosity given here are the lowest results obtained in 
each case. 

The experiments give the logarithmic decrement of the amplitude, 
and from this the viscosity is obtained by the formula 


A- r) =C) Jd + C+ c. pd, 


where X is the logarithmic decrement for the liquid experimsnted on, 

Ay is the logarithmic decrement for air, 

# is the viscosity of the liquid, and d its density. 

Cy Cy Cs are constants, and are obtained by experimeuting with 
liquids of known viscosity. 

The calculations thus involve tie solution of three (linear) simul- 
laneous equations and the subsequent solution of a «quadratic 
equation. 

VOL. XCIIL 4h 
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The numbers in the density column were obtained in the case of the 
metals and sodium chloride from Landolttand Bornstein’s Z'abellen 
(1905). The other numbers were obtained by experiment. The 
method used was that of sinking a ball of platinum in the fused liquid 
and noting the consequent loss of weight. Temperature was mea- 
sured by a platinum and platinum-rhodium thermo-couple connected to 
a Siemens-Halske galvanometer. The readings may be taken as 


correct to +5°. The viscosities are given in absolute (C.G.S8.) units, 


Viscosity Measurements on Fused Salts. 


These measurements were carried out partly from the interest which 
attaches to them on their own account, but also because it was toler. 
ably certain that in the case of viscosity, as with other properties, 
relations obtainable with fused salts would have their parallel in the 
case of metals. The following salts were examined more particularly ; 
sodium and potassium nitrates, sodium, potassium, and lithium chlor- 
ides, and sodium and potassium bromides; also mixtures of sodium 
nitrate and potassium nitrate. The results are contained in the 


following tables : 


Tance IT. 
»PO 


TABLE I, 
3 Potassium Nitrate ; m. p. 559°. 


Sodium Nitrate; m. p. 308°, 


Temperature. Density. Viscosity. Temperature. Density. Viscosity, 
324° 1°903 0°0271 349° 1°863 0 0267 
333 1°899 00256 362 1°850 00240 
353 1°887 0:°0235 383 1°833 0°0225 
393 1°860 0°0200 397 1°824 00214 
407 1‘815 0°0200 


Tas_e ITI, 


Sodium Chloride ; m, p, 822°. 


Temperature, Density. Viscosity. Temperature, Density. Viscosity. 
$41 T°530 0°0130 790° 1°520 0°0142 
850 1°520 0°0120 835 1°490 O-O121 
SUG 1°500 00101 920 1°438 O-uoNe 
G24 1°486 O-009T | 1035 1°370 00071 


TABLE V, 


Sodium Bromide ; m. p. 757°. 


Temperature, Density. Viscosity, | Temperature. Density. Viscosity. 
762 2°324 0°0142 745° 2°110 00148 
766 2°316 00135 | 775 2-087 0-134 
TSO 2°308 00128 | 805 2-063 0 0119 
880 2-220 O-v109 | S62 2-023 0°0105 


TABLE LV. 


Potassium Chloride ; m. p. 782°. 


Potassium Bromide 


TabcLe V1. 


; m. p. 744°, 
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Taste VII. 
Lithium Chloride ; m. p. 605°. 


Temperature. Density. Viscosity. 
617° 1°475 0°0181 
645 1°462 0°0164 
675 1°450 00149 
742 1°426 0°0125 
765 1°417 0°0114 


The results for sodium nitrate, potassium and lithium chlorides, and 
potassium bromide are plotted in Fig. 1, If the salts are compared 


Fic. 1. 
00: 
\ 
* 
0°02 Whe 
_ 
MN fo, we Tig o. 
“ ™ "he 
: ae a 
0°0) i en” 72 ~~». 
z ke ty 
boo? 700° 7 1065 


1 uu} ci “lure. 


at temperatures 20° above the respective melting points, the following 
results are obtained : 


TasLe VIII, 


Substance. Temperature. Viscosity. 
a tions . 828° 0-0262 
| eR 359 0-0251 
WOME, elcesicicsteivinesescsecs- ORO 0°0128 
UE ptnistiaraboindiiitnicccves sxe 802 0°0133 
BE chawthcuinckeedines cain sie 7i7 0°0130 
BE sedidencaiheneanavnns aoiesens 764 0°0137 
PE secibiiccpsctampennnecnceen iss 625 0°0176 


The first thing noticeable about these results is that the substances 
have a relatively small viscosity; the viscosity of water at 20° is 
0102. Secondly, it will be noticed that the viscosities ef the potass- 
ium and sodium salts are nearly the same in each case. The lithium 
salt is noticeably more viscous than the corresponding potassium salt. 
Goodwin and Mailey (loc. cit.) found that lithium nitrate was more 
viscous than potassium nitrate. Some other salts were examined 
besides those reported. Zinc chloride and borax, for example, were 

4Rr2 


or | 
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found to be very viscous, of the same order of viscosity as rape oil, 
These, however, are undoubtedly exceptional ; and it appears that the 
majority of fused salts have a small viscosity. 


Mixtures of Salts. 
Mixtures of sodium and potassium nitrates were examined, and the 
observations in all cases were continued to as near the melting point 
as possible. The proportions in the mixtures are expressed in per- 


centage by weight. 


Tas.Le IX, TABLE X, 

Sodium Nitrate (80) and Potass- Sodium Nitrate (60) and Potass- 
ium Nitrate (20); m. p. 278°. tum Nitrate (40) ; m. p. 240°. 
Temperature. Density. Viscosity. Temperature. Density. Viscosity. 
278 1°930 00325 262 1°938 00368 
328 1°894 0-0248 276 1°928 0°0324 
344 1°884 0:0234 316 1°897 0°0247 
O12 1‘S64 0°0217 332 1°883 0°0237 
Taste XI, Taste XII. 


Sodium Nitrate (35) and Potass- 
ar 


Nodium Nitrate (45:5) and Potass- : ca P 
tum Nitrate (65); m. p. 237 


ium Nitrate (94:5); m, p. 224°. 


7 Temperature. Density. Viscosity. 
Temperature. Density. Viscosity. 24h" 1943 00423 
229 1-963 0°0470 253 1°936 00405 
236 1°95 0°0446 289 1°907 0°0306 
269 1954 00834 340 1-870 0-0246 
286 1°920 0°0296 
291 1918 00287 Taste XIII. 
309 1902 00266 
—" ™ 
1 1*884 00247 Sodium Nitrate (24) and Potass- 
346 1873 0°0238 ium Nitrate (76); m. p. 263°. 
Temperature. Density. Viscosity. 
276° 1°920 0°0338 
326 1°S80 O°0259 
335 1°873 00242 


The melting-point curve for mixtures of sodium and potassium 
nitrates has already been studied by Carveth (J. Physical Chem., 1898, 
2, 209), and the eutectic point was found to exist at the composition 
455 per cent. of sodium nitrate and 54:5 per cent. of potassium 
nitrate. If the viscosities of the mixtures at temperatures 20° above 
the melting points are taken for comparison, the following numbers 


are obtained : 


pe 
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Taste XIV. 


Composition per cent. 


NaNO. KNO,. Temperature, Viscosity. 
100 0 328° 00262 
80 20 298 00287 
60 40 260 0°0370 
1 the 15°5 54°5 244 0°0410 
: 35 65 257 0°0587 
point 24 76 283 0°0322 
per- 0 100 309 0°0250 


These results are shown graphically in Fig. 2. 

There is a distinct maximum at the composition represented by the 
eutectic mixture. 

It is also of interest here to consider the viscosities at temperatures 
J 

(88 

yo 

(?, a 
sity. 

368 OOm 
324 
247 


yor 
25) 


100% NaNO, 20 40 50 60 80 100% KNO, 
pass linearly situated between 308° and 339°, the melting points of the 


o. (pure)components. As the viscosities of sodium nitrate and potassium 
da nitrate at their melting points are almost the same, it might be ex- 
259 pected that the viscosities of all the mixtures would also be the same 
242 if compared at temperatures linearly situated between the melting 
points of the components. 


sity. 


sium 


TABLE XV. 


[898, 
ition Composition per cent. 
sium NaNO . KNO. Temperature. Viscosity. 
' 100 0 308° 00296 
ve 
" 80 20 314 0°0266 
nbers 60 40 320 0°0244 
45°5 54°5 324 0°0252 
35 65 327 0°0255 
24 76 331 0°0250 


0 100 339 0°0283 
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There is a distinet decrease in the viscosity when the two salts are 
mixed. The fall is probably connected with a change in the dissocia. 
tion caused by the mixing of the salts. 


The Variation of Viscosity with Temperature. 


The viscosity of a salt diminishes with rising temperature ; the 
change is more rapid at first than afterwards. Comparing different 
salts, it will be noticed that those which have the greater viscosity at 
their melting points are also those whose viscosity falls most rapidly 
with rising temperature. This matter may be best discussed by 
considering in each case the fall of viscosity for equal intervals of 
temperature measured from the melting point, or a temperature 
equally distant from the melting point, Take, for example, in each 
case, the viscosity at 20° and at 70° above the melting point ; let these 
be denoted by p., and p-, respectively; let pa be the average 
Pio = P20 

Fa 
portional to the temperature coeflicient, should be a comparable 
function for different salts, 


viscosity throughout the interval. Then , Which is pro- 


¢ Pio~ P20 for a number of the 
Pa 


substances are given, also the quotients of this function by pr. 


In the following table, the values o 


TABLE XVI. 


Urey Hon Poy uu 
Substance. Mas Ma ‘ (u,)° 
Sele didi s treniarorerncienetes 0°0226 0°212 9°4 
Re | acdicsncmansaanyiepadnices 0°02356 0°220 9°3 
45°57 NaNO, and 54°57 
KNO, ere ee 0°0345 0°377 10°9 
KCl 0°0125 0°128 10°3 
KBr 0°0126 0'143 11°3 
RB dintcatetcaccansaneaeunapecaes 0°0162 0173 107 


The numbers in the last column are remarkably close to each other, 
thus showing that for these substances the temperature coefficient of 
the viscosity of a salt is very nearly proportional to its viscosity. 


The Viscosity of Metals. 


Experiments were tried with copper, zinc, lead, tin, bismuth, 
cadmium, and mercury. It was found that the viscosity values were 
much lower than had been expected. Metals are, in fact, of the same 
order of viscosity as the salts just examined. Considerable difliculty 
has so far been experienced in obtaining trustworthy numbers for the 
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metals, and in the meantime the only figures given are such as could 
easily be repeated with the same result. These numbers were obtained 
from mercury, tin, lead, bismuth. 


Taste XVII. 


Substance, Temperature. Density. Viscosity. 

ID se ivinescs visas oannsens 65° 13°43 0'0138 
95 3°39 0°0124 

133 3°27 0°0116 

216 13°08 0°0106 

Tin (are Bs. BOB") oss ess, orecscee 234 7°00 0°0275 
267 6°98 0°0235 

Lead (m, p. 327°) ............ 33 10°65 0°0320 
347 10°63 0°0293 

Bismuth (m. p. 270°)......... 360 9°91 0°0167 


If these metals are compared at temperatures equally above their 
melting points, it is seen that lead is more viscous than tin, tin than 
bismuth, and bismuth than mercury. But they are closer to one 
another than would probably have been anticipated. 

An important fact which has been noticed is that the viscosity of a 
metal does not increase in any abrupt manner as the temperature is 
lowered until it is actually solid. In many cases experiments were 
carried out with the metal in the crucible half solidified (round the 
sides), and no difference in viscosity could be detected between this 
temperature and a temperature a few degrees above this when all 
was fluid, 

Conclusions. 


1. The viscosity of many salts and metals is relatively small, being 
only a few times that of water. 

2. The viscosities of sodium and potassium salts of the same acid 
are nearly the same. 

3. Viscosity diminishes with rising temperature. The temperature 
coeflicients for the salts examined vary directly as their viscosities. 

4, A eutectic mixture at its melting point has a greater viscosity 
than the components have at their melting points. 


Tam much indebted to the Carnegie Trust for the Scottish Univer- 
sities and to the Chemical Society for grants in aid of this research. 
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CXAV.—The Formation of Polyiodides in Nitrobenzene 


Solution. Part II. The Chemical Dissociation of 


the Polyiodides of the Alkali Metals and Ammonium 
Radicles. 


By Harry Meprorta Dawson. 


Ix a previous paper (Part I, Dawson and Gawler, Trans., 1902, 81, 
524) it has been shown that potassium iodide is readily soluble in 
nitrobenzene in presence of iodine. Solubility measurements indi- 
cated that dilute solutions, saturated with potassium iodide, contain 
one mol. of iodide per mol, of iodine, whereas solutions saturated with 
iodine contain four mols. of iodine per mol. of iodide. It is evident that 
the conditions obtaining in the two series of experiments—saturation 
with respect to iodide in the one case and with respect to iodine in the 
other—are such as might be expected to yield information relative to 
the lowest and highest types of polyiodides respectively, and the 
experimental data led the authors to conclude that the chief 
constituents of the two series of solutions are the tri-iodide and the 
ennea-iodide. 

Dawson and Goodson (Part II, Trans., 1904, 85, 796) have shown 
that polyiodides of these types are also formed in nitrobenzene under 
the same conditions by the other alkali metals, the alkaline earth 
metals, and by ammonium and the substituted ammonium radicles, 
That polyiodides of the types MI, and MI, are also formed in certain 
other solvents has been shown to be probable (Dawson, Trans., 1904, 
85, 467), although, in general, the polyiodides are not so sharply 
defined in these solutions as they are when nitrobenzene is the solvent. 
Several factors contribute to this circumstance, so far as the experi- 
mental investigation of the polyiodides is concerned. In the first 
place, the polyiodides are, in general, readily soluble in_ nitro- 
benzene, whilst the simple iodides are, for the most part, only very 
sparingly soluble. To this statement certain substituted ammonium 
iodides represent exceptions. ‘Then, again, iodine itself only dissolves 
to a comparatively small extent in nitrobenzene; the saturated solu- 
tion at 18° contains approximately 0°2 mol. per litre. The very slight 
miscibility of nitrobenzene and water represents another factor of 
importance in connexion with the investigation of the soluble poly- 
iodides, for this permits of a direct comparison of two different 
solutions of polyiodides which are in equilibrium with one another. 

In the experiments described in this paper, an attempt has been 
made to ascertain the several types of polyiodides which are formed in 
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pitrobenzene solutions and the relationships which exist between the 
yarious types by a study of the distribution of iodine and iodides 
between nitrobenzene and water. The polyiodides of potassium have 
been examined more particularly, but comparative measurements have 
also been made in which the polyiodides of ammonium, substituted 
ammonium and the other alkali metals were submitted to investigation. 
Jakowkin (Zettsch. physikal. Chem., 1894, 13, 539; 1896, 20, 
19) has shown that the proportions of free and combined iodine in 
dilute aqueous solutions containing iodine and alkali or alkaline earth 
metal iodides are in agreement with the assumption of a dissociation 
si equilibrium corresponding with the equation MI, — MI+I,. If v is 
ndi- the volume of solution which contains one mol. of iodine as titrated 


tain by sodium thiosulphate solution, « the number of mols. of iodide con- 
vith tained in this volume, a the fraction of the iodine which is present in 
that the free state, then the concentrations of the tri-iodide, iodide, and 
tion iodine are repectively (1—.)/v, (a-1+2)/v, and a/v, and the 
the equilibrium constant A is given by the equation : 


e to 
, xa-l+e” 
the wetie— 14 ay. 
rn v(1 — 7 ) 
chief 
the When the value of the constant X is known, and v and a for a 


given solution are determined by experiment, this equation may be 
used to calculate a/v, the concentration of the free iodine in the 
solution. 

The possibility of obtaining the concentration of the free iodine in 
an aqueous iodine-iodide solution by this means has been utilised in 
the examination of nitrobenzene solutions of the polyiodides. When, 
for example, potassium iodide and iodine are shaken at constant 
temperature with excess of nitrobenzene and water until a condition 
of equilibrium is reached, two solutions containing polyiodides are 
obtained. The distribution of the iodine and potassium iodide 
between the two liquids is determined by definite partition co- 
etlicients characteristic of these substances, and by the formation of 
more or less stable polyiodides. 

According to Jakowkin’s investigations (Joc. cit.), the nature of 
aqueous iodide-iodine solutions is very simple ; provided the concentra- 
tions of the iodide and iodine do not exceed certain limits, the 
equilibrium can be represented by the equation KI, — KI+I,. The 
concentration of the free iodine in any such solution can be deter- 
mined from equation (1), and if the ratio of distribution of iodine 
between nitrobenzene and water is known, the concentration of the 
free iodine in the nitrobenzene solution, which is in equilibrium with 
this aqueous solution, may be deduced. 

According to this method, the uncombined iodine in nitrobenzene 
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solutions containing iodine and potassium iodide in different propor. 
tions has been estimated. For the application of the method, 
measurements of the constant A at 18° and of the partition of 
iodine between nitrobenzene and water at different concentrations 
were required. 

The constant A was determined by the method previously described 
(Dawson, Trans,, 1901, 79, 238). Carbon tetrachloride was used jp 
measuring the concentration of the free iodine in the aqueous solu. 
tions. The two following experiments give the value of the partition. 
coefficient of iodine between carbon tetrachloride and water a 
18°+0-02°, The concentrations are expressed in mols, per litre, 


Tasie I, 

Jodine concentration Iodine concentration Distribution 
in CCl, in H,O, ratio, 
0°03438 0°0004158 82°7 
0°04426 0°000535 82°8 

po ee 82'8 


This value of the ratio was used in obtaining the free iodine con- 
centration of the two aqueous iodide-iodine solutions examined, for 
which the experimental data and the calculated values of X ar 


contained in table LI. 


Tase II, 

Aqueous solution. Carbon tetrachloride solution. RK. 
0'1 molar KI 1 9078 ee “001153 
0:02413 ,, iodine f 0°02975 molar iodine 0°001153 
0-1 » KI | 003083 4, 4 0°001153 


002479 ,, iodine f 

To ascertain the ratio of distribution of iodine between water ani 
nitrobenzene, experiments at widely different concentrations wer 
made, The quantities of the two liquids employed were largely 
increased as the iodine concentration was diminished, and in the a» 
of the most dilute solutions 100 c.c. of nitrobenzene and 750 c.. o 
water were used, the iodine concentration in the aqueous layer being 
obtained by titration of 500 c.c. with /100-thiosulpbate solution. 
The experimental data are contained in table ILI, the concentration 
being expressed in mols. per litre. 


Taste ILI. 


Iodine concentration Iodine concentration Distribution 
in C,H,;*NO.. in HO. ratio. 
0°03325 0°000191 174 
0-03610 0:000207 174 
0°0780 0°000451 175 
0°0854 0°0004965 172 
0°2275 0°001330 171 


0°3328 0°001893 176 
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ropor- The numbers in the third column indicate that the ratio of distri- 
thod, pution of iodine between the two solvents is independent of the con- 
on of centration, and the mean value is taken as 174. From this constancy, 
ations the conclusion may be drawn that the molecular complexity of iodine 

in the two solvents is the same. 
cribed Two experiments were also made to ascertain the ratio of distribu- 
sed in tion of potassium iodide between the two solvents. In consequence of 
Solu. the slight miscibility of the two liquids, this ratio differs in all 
‘tition- probability very considerably from the ratio of the solubilities of the 
ter at iodide in water and dry nitrobenzene. Both determinations were 


made on saturated solutions, a large volume of nitrobenzene and a 
small volume of water being shaken up with excess of potassium 
iodide; after remaining in the thermostat for about twenty-four hours, 
the concentration of the solutions was determined, the nitrobenzene 
solution being extracted for this purpose with successive small 
quantities of water, which was then evaporated todryness. ‘Table 1V 
gives the experimental data, the concentrations being expressed in 
mols, per litre. 


ion 


ne con- 
ned, for 


TabLeE IV. 


KI in water. KI in nitrobenzene. Distribution ratio. 


K a 6°05 0°00114 5300 
6°05 0°00108 5600 
Mean ...... 5450 
153 The results obtained in these preliminary experiments have been 
153 utilised in the estimation of the free iodine in nitrobenzene solutions 
containing known quantities of potassium iodide and iodine. In order 
ater aul to illustrate the essential features of the experimental method, the 
ons were mode of procedure which was tried in the first instance may be 
» largely described. A definite quantity of water was shaken at 18° with 
the cas successive quantities of a nitrobenzene solution (referred to as solu- 
50 cc. of J tion A) until the composition of the aqueous solution had become 
yer being J constant, and no change could be observed when it was agitated with 
solution J further quantity of solution A. The concentration of the iodine in 
sntratios J the aqueous solution was then determined by titration, and that of the 
iodide by evaporation of a measured volume. By means of equation 
(1), the concentration of the free iodine in the aqueous solution is then 
obtained, and by multiplication of this value by the partition-coefficient 
ution of iodine distributing itself between nitrobenzene and water, the 
tio. concentration of the free iodine in solution A is deduced. 
1 Two or three preliminary experiments sufficed to show that this 
173 method of reaching the aqueous solution in equilibrium with solution 
- 4 by a process of approximation could not be conveniently applied as 
176 a general method because of the large quantities of solution A required. 
—_ 
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An alternative method, which consisted in shaking up solution A with 
aqueous potassium iodide solutions, the original concentrations of 
which were respectively greater and less than the concentration of the 
equilibrium solution, was found to be more convenient. The composi- 
tion of the two aqueous solutions, after shaking with A, was deter. 
mined, and from the changes in composition the composition of the 
equilibrium aqueous solution was deduced by interpolation. For an 
accurate measurement of the desired concentration by this method, the 
two aqueous solutions which are shaken up with solution A must not 
differ too greatly from the equilibrium solution the composition of 
which is sought. On account of the relatively small quantities of 
iodine which are removed when the solution A is shaken with the 
aqueous solutions, the addition of iodine to these solutions was not 
considered necessary; the iodine concentration of the equilibrium 
solution has therefore been simply determined by interpolation from 
the iodine concentrations of the two aqueous solutions used in the 
estimation of the equilibrium concentration of the iodide. 

The actual data obtained in the determination of the aqueous solu- 
tion which is in equilibrium with a nitrobenzene solution containing 
potassium iodide and iodine in quantities corresponding with the 
formula 0°1 molar (KI +71) may be recorded as an illustration of the 
application of the method. Twenty-five c.c. of this solution were 
shaken with 50 cc. of (1) 0°010 molar aqueous potassium iodide, 
(2) 0°015 molar aqueous potassium iodide. After shaking, the first 
aqueous solution was found to contain 0-0112 mol. of potassium iodide 
and 0:00334 mol. of iodine per litre, and the second solution 00140 
mol. of potassium iodide and 0-00369 mol. of iodine per litre. The two 
original solutions are thus seen to contain respectively less and more 
potassium iodide than the equilibrium solution, and by interpolation 
this is found to contain 0°0125 mol. of potassium iodide per litre ; the 
interpolated iodine concentration corresponding with this is (00351 


mol. per litre. 
In this way the composition of the aqueous solutions in equilibrium 


with 0:1 molar nitrobenzene solutions of potassium iodide, containing 
respectively 2, 3, 4, 5, 6, 7 and 8 atoms of iodine per mol. of 
iodide, has been determined. The data are collected in table V, 
concentrations being expressed in mols. per litre, 
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with 
ns of TABLE V. 
f the Composition of aqueous solution. 
nposi- Composition of nitrobenzene solution. Potassium iodide. lodine. 
deter- (1) 0'1 ras oe) 6°05 000080 
f the (3) »— (KL+41) 0-22 0-00535 
or an (4) in (KI +51) 0°646 0°00480 
ithe Pom (THe =. sae 
5) » (K1+71) 00125 000351 
st not ) + (KI +81) 0°0073 0°00305 
on of ) ‘ KI saturated with iodine 0°0027 0°00226 
ies of In the first and last experiments the two solutions were in contact 
h the with undissolved potassium iodide and iodine respectively, On 
'S not examination of the two series of numbers it is seen that the con- 
brium centration of the iodide in the aqueous solution decreases rapidly as 
from the relative proportion of iodine in the nitrobenzene solutions increases ; 
in the the ratio of the iodide concentrations for the first and last solutions is 
approximately 2200:1. The iodine concentrations of the aqueous 
- solu- solutions are all very small compared with those of the corresponding 
aining nitrobenzene solutions ; for the first solution, the ratio of these iodine 
h the concentrations is 1 ;200, although the concentration of the iodide in 
of the the aqueous solution is sixty times as large as it is in the nitrobenzene 
were solution. These relationships indicate that nitrobenzene is a solvent 
iodide, which is most markedly favourable to the existence of the polyiodides 
e first which are the subject of this investigation. 
iodide A much clearer insight into the nature of the relationships, which 
0140 exist between the corresponding aqueous and nitrobenzene solutions, 
ne two is obtained when the concentrations of the free iodine are calculated 
| more in the manner already described. In table VI the first column gives 
lation the composition of the nitrobenzene solution ; the second, the volume 
e; the (v) in litres of the aqueous solution which contains 1 mol. of iodine 
‘00351 titrated by thiosulphate solution; the third, the molar ratio (a) of 
iodide to iodine in the aqueous solution ; the fourth, the fraction (2) 
ibrium of the total iodine present in the free state ; the fifth, the concentra- 
aining tion («/v) of the free iodine in the aqueous solution ; and the sixth, the 
iol. of concentration (174a/v) of free iodine in the nitrobenzene solution. 


ble ¥ 5 
TabLe VI. 


Composition of 


nitrobenzene solution. v. (. X. fv. 174 a/v. 
01 molar (KI +21) 2000 =12100 000019 0°000000095 0-0000165 
» (KI+31) 230 142 000189 00000082 000143 
9 (KI +41) 187 41°] 0°Q0539 00000288 0°00504 
” (KI+51) 208 958 00270 0000130 0°0226 
= (KI +61) 243 534 0°00 0°000247 0°0430 
9 (KI +71) 285 3°56 =0°110 0:000386 0067 
% (KI+ 31) 328 2°40 8 =60°193 000059 0:103 


» Kl saturated) ,,. fo ; ; Aris 
with iodine f 442 120 Ov44 0°00100 0-174 


ee 
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The numbers in the last column are those to which attention must i 
be directed. These have been calculated on the assumption that ¢ 
equation (1) expresses the relationship between free and combined I 
iodine in the aqueous solutions which are in equilibrium with the h 
various nitrobenzene solutions. With the exception of the first ( 
aqueous solution, all these are within the limits for which the validity 
of equation (1) may be said to have been established experimentally r 
(compare Jakowkin, loc. cit.). For the solution saturated with iodine, 0 
the experiments of Noyes and Seidensticker (Zeitsch. physikal. Chem., e 
1898, 27, 357) indicate that the quantities of free and combined t 
iodine are in agreement with the requirements of the dissociation 0 
equation KI, — KI+I,. It is therefore only in respect of the first g 
solution, where the molar ratio of iodide to iodine reaches the very 0 
high value of 12100, that the validity of this equation may be said to fi 
lack experimental proof, That any polyiodide other than potassium iF 
tri-iodide is present in the saturated potassium iodide solution is, how. « 
ever, very improbable, and it may be confidently assumed that the b 
concentration of the free iodine in this solution may also be obtained p 
at least approximately by means of equation (1). In consequence of p 
the high concentration of the iodide in the aqueous solution, the “ 
distribution of the free iodine between the two liquids will no doubt 
in this case undergo an alteration which is considerably greater than fc 
that resulting from the “ salting-out” action in the case of the other ni 
solutions, and to this extent the calculated concentration of free be 
iodine in the first nitrobenzene solution is somewhat doubtful, di 

Comparing the numbers in the last column of the preceding s¢ 
table, it is evident that the free iodine concentration increases enor- K 
mously as the molar ratio of iodine to iodide increases from one to in 
four ; the ratio of the values for the solutions KI, and KI, is 6200: 1. In of 
the interpretation of these numbers it may be recalled that the exist- 0 
ence of the polyiodides KI, and KI, has been established as the result of th 
solubility measurements, and that these represent the lowest and ta 
highest polyiodides which are capable of existence in nitrobenzene of 


solutions. As yet, however, no evidence of the existence of definite 
intermediate types has been brought forward. From the fact thatall 
the polyhalogen compounds of the alkali metals which have been pre- 
pared as crystalline substances are of the types MX, or MX, (compare Pe 
Wells, Zeitsch. anorg. Chem.,1892,1, 85; Wells and Wheeler, ibid., 1892, 
1,442; 1892, 2, 255), that the polyiodides of the alkali metals, the 


existence of which, in the free state, is indicated by the iodine tension tri 
measurements of Abegg and Hamburger (Zeitsch. anorg. Chem., 1906, co 
50, 403), are of the types MI,, MI,, MI,, or MI,, and that the th 
crystallised polyiodides of the substituted ammonium bases are of on 


these same types, it mizht be expected that the intermediate poly- 
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must iodides KI, and KI, are contained in nitrobenzene solutions the 
that composition of which corresponds with these formule. On the other 
bined hand, it is possible that such solutions represent mixtures of the 
h the highest and lowest polyiodides in accordance with the equations 
first (a) 3K1, =2K1,+ KI), and (4) 3K1,=KI,+2KI,, 
lidity It appears possible to decide which of the two views corresponds 
ntally with fact by the following consideration. lf the 0°1 molar solution 
odine, of the composition (KI+4I) represents a mixture of the tri- and 
‘hem, ennea-iodide in accordance with equation (a), the concentration of 
bined the ennea-iodide in the solution should be 0°033 molar. Measure- 
lation ment of the free iodine concentration in a 0°033 molar KI, solution 
> first gave 0°0405 mol. per litre, while according to the previous table a 
very ('1 molar solution of the composition (KI+4I) contains 000504 mol. 
aid to free iodine per litre. These numbers are as 8 to 1, and the very 
ssium large difference between the free iodine concentrations of these two 
_ how. solutions must be interpreted as in favour of the view that a nitro- 
tthe benzene solution of the composition (KI+4I) contains a definite 
ained polyiodide KI, as the chief component. By similar reasoning it is 
ice of possible to show that the polyiodide KI, is present in nitrobenzene 
1, the solutions which contain more iodine. 
doubt The conclusion that four polyiodides, KI,, KI,, KI, and KI,, are 
‘ than formed in nitrobenzene solution agrees very satisfactorily with the 
other numbers which express the free iodine concentrations of the nitro- 
free benzene solutions (1) to (8) in table VI if we assume that chemical 


dissociation of the polyiodides takes place in accordance with the 
eding sheme: KI,2—= KI,+1,; KI, KI,+J,; KI; — KI,+I, ; 
enor: KI, = KI+1,. Although it is not possible to subject the four stages 
ne to in the dissociation process to a separate minute analysis, a comparison 
1. In of the percentage amounts of free iodine in 0°] molar solutions of the 
exist- composition KI,, KI;, KI, and KI, respectively gives some idea of 
ult of the extent of the dissociation in the several stages. ‘The numbers in 
t and table VIL represent the percentage amounts of free iodine in terms 


nzene of the total iodine as titrated by thiosulphate solution. 

efinite 

nat all Table VII. 

n pre- Saturated with 
an Composition of solution. K]I,. KI. KI, KI,. iodine, 

m Percentage iodine dissociation 0°016 2°5 14 26 32 

1892, 

ls, the From these numbers it is evident that the dissociation of the 

pnsion tri-iodide is extremely small, whereas that of the ennea-iodide is very 

1906, considerable ; the value 26 can only be interpreted on the assumption 

ut. the that dissociation in the ennea-iodide solution has taken place, not 

ire of only in accordance with the first equation, but also to an appreciable 


poly: extent according to the second. In reference to the solution saturated 
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with iodine, it may be noted that this contains 5:50 mols. of iodine 
per mol. of iodide. Of this, 32 and 68 per cent. respectively are 
present in the free and combined states ; the ratio of combined iodine 
to iodide is therefore expressed by the formula Kel,.,, from which it 
is evident that the dissociation of the ennea-iodide is very con. 
siderably diminished in presence of the excess of iodine corresponding 
with the saturated solution. 

Influence of the Concentration of the Solution on the Dissociation of 
KI,.—With the object of obtaining further information in regard 
to the dissociation of the polyiodides, the amount of free iodine in 
ennea-iodide solutions of different concentrations jas been examined, 
In these experiments, 0°01, 0°033, 0°1 and 0°48 molar solutions of the 
composition KI, were shaken at 18° with aqueous iodide solutions of 
known concentration, and from the changes undergone by the aqueous 
solutions the composition of the aqueous solution which is in 
equilibrium with each of the four nitrobenzene solutions was deduced. 
The concentration of the free iodine in these was then calculated 
as previously described. Table VIII contains the results of this 
investigation, the several columns of figures having the signification 
given previously in connexion with table VI. 


Table VILI. 


Concentration of Dissociation 
KI, solution. L a, %. a/v. 174 x/v. per eee. 
0°48 molar 105°3 2°00 0°100 0°000950 O°165 86 
010 = ,, 328 2:40 0°193  0:000590 0°103 24 
0:033 ,, 617 5°06 07144 0°000233 0°0405 30 
O01 ,, 1600 12°8 0134 0°0000838 0°0146 36 


The iodine dissociation evidently increases with the dilution of the 
solution, and the observed variation leads to the conclusion that in 
more concentrated solutions, such as were examived by means of 
solubility measurements, the ennea-iodide is dissociated to a compata- 
tively small extent. The calculated value of the dissociation is based 
on the assumption that the iodine distribution is determined in all 
cases by the ratio 174 ; the uncertainty hereby involved increases with 
the concentration, and on this account more concentrated solutions 
were not submitted to examination. 

Dissociation of different Ennea-iodides.—The experiments of which 
an account has so far been given refer solely to potassium iodide 
solutions. If polyiodide solutions of the other alkali metals were 
subjected to a minute examination, similar relationships would no doubt 
be found. To ascertain whether quantitative differences in the degree 
of chemical dissociation are exhibited, solutions containing lithium, 
sodium, potassium, rubidium, cesium, ammonium and tetramethyl 
ammonium iodide have been compared, ‘To effect this comparison 1 
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odine a complete manner would have involved the determination of the 
y are composition of the aqueous solutions which are in equilibrium with 
odine the tri-, penta-, hepta-, and ennea-iodide solutions of each of the alkali 
ich it metals and ammowvium bases. The fact that the accurate measure- 
con- ment of the free iodine in the tri-iodide solutions necessitates the 
nding use of large quantities of materials, and that the validit y of equation 

(1) for the concentrated aqueous solutions has not been experiment- 
on of ally demonstrated, has limited the inquiry in the case of the tri- 
egard iodides to sodium and potassium. For the rest, it was considered 
ne in sufficient to compare the ennea-iodide solutions, and this comparison 
nined, has been made for 0-1 molar solutions without determining exactly 
of the the composition of the aqueous solutions with which the nitrobenzene 
ms of solutions are in equilibrium. 
jueous In this comparative investigation, 50 c.c. of each of the ennea- 
is in iodide solutions were shaken with an equal volume of water, and the 
duced. concentration of iodide and iodine in the aqueous solution determined. 
ulated _In table LX, the iodide under investigation is indicated in the first 


f this column, the second and third columns give the concentration of the 
cation JJ iodide and iodine in the aqueous solutions, the fourth gives the 
calculated concentration of free iodine in the nitrobenzene solutions, 
and the fifth the percentage iodine dissociation. 


TABLE IX. 
Aqueous solution. Nitrobenzene solution. 
lodide. lodide. lodine. Free iodine. Dissociation 
per cent. 
N(CH,),I, ..... 0-00015 0-00075 0-104 26 
_ eee 0°00117 0°00105 0-110 27 
hat i fi 0°00387 0-00189 0-102 25 
that i Agee 000665 000281 0-101 25 
ans of _ * Seas 00120 0°00471 0°104 26 
iad _* sigpieeinesean 0-0308 0°0135 pale jac 
7 EBA Ai 00456 06225 wa - 
; based : 
| in all In this table the iodides are arranged in the order of increasing 
es with J concentration of the aqueous solution. From the numbers in the 


lutions J second and third columns, it is evident that the quantities of the 
iodides and of iodine which are removed by water from the several 

which JJ ennea-iodide solutions vary very considerably ; the particular iodide in 

iodide @ 4 given ennea-iodide solution can indeed be at once recognised by the 
ls were @ intensity of the colour of the aqueous extract. In consequence of the 
o doubt J removal of iodide by the water, the composition of the nitrobenzene 
degree @ solution changes to an extent which depends on the particular iodide 
‘ithiwm, @ present, This change is negligible in the case of tetramethyl- 
methy! fF ammonium, small for cesium and rubidium, considerable for potassium 
rison 0 and ammonium, and very large for sodium and lithium. Although in 
VOL, XCIII. 4s 
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consequence of this circumstance the data obtained for the various 
solutions are not all comparable, it appears at first sight as if the 
dissociation depends very largely on the metal (or radicle) contained 
in the ennea-iodide solution. If, however, the concentration of the 
free iodine in the various nitrobenzene solutions is calculated from the 
composition of the corresponding aqueous solutions, a very nearly 
constant value is obtained, as is evident from the numbers in the 
fourth and fifth columns of the table. That the values of the free 
iodine concentration and the dissociation calculated in this way are 
approximately the same as those which would be obtained from the 
aqueous solutions in equilibrium with the accurately 0°1 molar ennea- 
iodide solutions is shown by the close agreement of the values in the 
case of potassium ; these are respectively 25 and 26 per cent. for the 
iodine dissociation. 

It should be noted that the aqueous solution obtained by extraction 
of the tetramethylammonium ennea-iodide solution with water contains 
more iodine than iodide, and in the calculation it has been assume 
that all the iodide is present in the form of tri-iodide. The same 
constant, K = 0001155, has been used as determining the equilibrium 
in the aqueous solution for all the iodides examined. Jakowkin’s 
experiments (/oc. cit.) indicate that this is justified for sodium and 
lithium solutions, aud a determination for a cesium iodide solution 
gave the same value for the constant as has been found in the case of 
potassium iodide. 

On account of the large quantities of iodide and iodine which are 
extracted when the ennea-iodide solutions of sodium and lithium are 
shaken up with an equal volume of water, the data for these solutions 
in table LX cannot be utilised for the caleulation which has been 
made in the case of the other five solutions. For the sodium ennea- 
iodide solution, the composition of the aqueous solution in equilibrium 
with it has, however, been determined by the method previously 
described; this solution was found to contain 0°080 mol. sodium 
iodide and 00248 mol. iodine per litre, and the proportion of free 
iodine in the ennea-iodide solution which is calculated from these 
numbers is 22 per cent., which agrees fairly well with the dissociation 
found in the case of the other iodides. 

The above comparative measurements lead to the conclusion that 
the ennea-iodides of. the alkali metals and ammonium bases are chemi- 
cally dissociated to the same extent. It is evident that this may be 
explained if we assume that the free iodine is a dissociation product 
of iodine ions in accordance with the scheme: = I, +1,; 
I, = 1,/+1,; 1, = 1, +1,; I, = 1'+1,. In support of this view, 
measurements of various physical properties of the polyiodide solutions 
will be communicated in a further paper. 
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rious As previously mentioned, a comparison of the quantities of iodine in 
f the the aqueous solutions obtained by shaking together a 01 molar nitro- 
ained benzene solution of iodine with water and excess of potassium or sodium 
f the iodide has been made. In the case of potassium, the aqueous solution 
m the was found to contain 6°05 mols. of iodide and 0:00050 mol. of iodine 
early per litre, while the sodium solution contained 8'11 mols. of iodide and 
n the (0011 mol. of iodine per litre. The free iodine in the two nitro- 
> free benzene solutions corresponding with these data is about 0:02 
Ly are per cent. ; the chemical dissociation of both the tri-iodides is therefore 
m the very small. The very unequal distribution of the iodine in these 
nnea- circumstances, coupled with the fact that the tri-iodides are so readily 
in the soluble in water, leads to the supposition that the tri-iodides in the 
wr the nitrobenzene solution are combined in some way with the solvent. 
The fact that water removes widely different quantities of iodides and 
action iodine from ennea-iodide solutions of the various alkali metals and 
ntains ammonium bases can also be accounted for on this hypothesis if the 
sumed compounds formed by the polyiodides with the nitrobenzene are of 
same different degrees of stability. 

prium 
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ase of are due for assistance in some of the measurements recorded in the 
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By Annre Homer, Fellow of Newnham College, and 


that 
Ph Joun Epwarp Purvis, M.A. 


chemi: 
nay be From the products of the action of aluminium chloride on naphthalene, 
roduct {besides 88-dinaphthyl previously isolated by Friedel and Crafts from 
ee the same reaction, there have been isolated three new hydrocarbons 
. view, which have been described in detail by one of us (Homer, Trane., 
utions 1907, 91, 1103). The substances isolated were : 

(i) C\,H,,, @ homologue of naphthalene, either tetramethyl- or 

4s 2 
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diethyl-naphthalene, more probably the former; (ii) CoH, 
BB-dinaphthy! ; (iii) C,,H,,, a substance supposed to be a homologue 
of dinaphthanthracene, C,,H,,; and (iv) Cy H4,, probably tetra. 
naphthyl. 

88-Dinaphthyl is formed by the condensation of two naphthalene 
molecules. It was thought that the hydrocarbon C,,H,, was formed 
by the condensation of either two BB-dinaphthyl or four naphthalene 
molecules, more probably by the former, as an increase in the time 
allowed for the action of aluminium chloride on naphthalene, or a rise 
in the temperature at which the reaction was conducted, caused a 
decrease in the amount of the hydrocarbon C,,)H,, avd an increase 
in the amount of the hydrocarbon C,)H., produced. It was suggested 
that the substance C,,H,, was a homologue of dinaphthanthracene, 
C,.H,,, and its formation from alkylnaphthalenes, which are also 
formed during the reaction, was given as follows : 

\/\ o—»—6=iLP IRF FI 

2| |  |(Me,)=3H,+(Me,) | | | i (Me,). 

bee NA WON Wo 

The intense fluorescence of the substance suggested the presence of 
an anthracenoid linking. 

In the method of formation thus proposed, hydrogen would be 
eliminated from a B-methyl group of trimethylnaphthalene. It was 
thought (/oc. cit.) that further evidence as to the constitution of the 
respective products of the reaction in question might be produced 
from a comparative study of their absorption spectra with that of 
naphthalene; and it was also suggested that the absorption spectrum 
of the hydrocarbon C,,,H,, should be compared with that of the supposed 
parent Substance, dinaphthanthracene, C,.H,,, and of picene, the 
isomeride of dinaphthanthracene. 

It was with these objects in view that the investigation here 
described was undertaken. 


EXPERIMENTAL. 


The hydrocarbons C,,Hj,. CopHy 4, CyoHog, CogHy2, were prepared 
according to the methods given in the paper by Homer (/oe. cit.). 

The standard strength of our solutions was taken as 1/1000, 4 
normal solution being considered as a solution containing one graml- 
molecular weight of solute in 1000 c.c. of the solution. 

The adjustable cell used has been previously used and described 
by Purvis and Foster (Proce. Camb. Phil. Soc., 1907, 14, 381). It isa 
modification of the very useful instrament described by Baly and 
Desch (Trans., 1904, 85, 1029). 

The results of the study of the absorption spectra of the substances 
under consideration have been plotted in the accompanying curves 


of | 
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that the abscisse represent oscillation frequencies, and the ordinates 
the logarithms of relative thicknesses of the solution. From eye 
observations we could observe directly the bands due to the hydro- 
carbon C,,H,,, and the absence of bands in the hydrocarbons 
C,H» CooHyy Cr4Hy, 5 but in order to compare the absorption curves 
with those of other substances like naphthalene we decided to plot the 
curves in exactly the same way, so as to obtain comparable results, 


I. Naphthalene and C,,H,,.. 


The absorption spectrum of naphthalene has been given in detail 
by Hartley (Trans., 1881, 39, 153), who has shown that there are 
four bands characteristic of this substance. Their mean wave-lengths 
are: 

2855 2726 2631 2550 
which correspond with oscillation frequencies of : 

3451 3690 3840 3921 


The curve for an V/1000 solution of the hydrocarbon C,,H,, in aleohol 
also shows four bands (Fig. 1). The mean oscillation frequencies of 
these bands are as follow : 


3434 3562 3680 3776 


These four bands are thus nearer the red end of the spectrum and 
appear to be less persistent than the corresponding bands in the 
naphthalene curve. The curve for the hydrocarbon C,,H,, is there- 
fore in accordance with the suggestion in the previous paper that this 
substance is an alkyl derivative of naphthalene. It is suggested on 
p. 1327 that the methyl groups are probably in the 1, 4, 5, 8 
positions. 


Il. The Hydrocarbons C,,H,, and C,H 


V/10,000 solutions of these compounds in benzene were compared. 
It was found that stronger solutions did not show selective absorption. 
pared The curves for both these substances in benzene show only two 


weak bands (Fig. 2). The mean oscillation frequencies of these 
100, 2 HF bands were : 
gram- For Cop Hay One e eee ee Bete eeeee 3184 3430 


FT TED soisnreccnesnsseess. 3060 3200 

cribed The bands exhibited by the solutions of the hydrocarbon C,,H,, are 
It isa @@ uearer the red end of the spectrum than those exhibited by solutions 
y and of the hydrocarbon C,,H,,; but in the former case they are so weak 
that they may be regarded as traces. 

tanves Since benzene solutions of the hydrocarbons C,,H,, and O,oHy, 
ves 0 J% exhibit the same type of curve, it seems reasonable to infer that these 


26° 
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substances have a similar constitution. The hydrocarbon C,,H, « has 
been shown to be B8-dinaphthyl by Watson Smith (Trans., 1877, 15, 
551; 1879, 17, 224) and Chattaway (Trans., 1895, 67, 653). 

The hydrocarbon C,,H,, therefore probably has the constitution 
which has already been suggested, namely, that of tetranaphthyl. At 
the present stage it is impossible to state how the two 8-dinaphthyl 
molecules have been condensed to yield tetranaphthyl. 

In order to compare the absorption spectrum of BB-dinaphthy! with 


that of naphthalene, it was necessary to examine it in alcoholic 
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C)4Hy, in alcohol. N/1000 solution. 


BB-Dinaphthyl (CopH,,4) in alcohol. N/10,000 solution. 


solution. An .V/10,000 solution of BB-dinaphthy] in alcohol (Fig. 1) 
shows three absorption bands of which the mean oscillation frequencies 
are: 
3204 3436 3556 

It is remarkable that whilst naphthalene in alcoholic solution gives 
four bands, 88-dinaphthy! in the same solvent gives only three bands, 
although B8-dinaphthyl consists of two naphthyl groups. 

Now there are two possible explanations of this phenomenon, which 
are as follows: 
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(i) The diminished absorption power is due to steric hindrance. 
The molecule of #B-dinaphthyl may be so arranged in space that 
there is crowding within the molecule such that the vibrations of 
sme of the carbon atoms within one naphthyl group are hindered 
by the too close proximity of vibrating atoms in the other naphthyl 
group. The effect of this hindrance will be evidenced by a decrease 
either in the rate or the amplitude of the vibrations of the atoms 
affected. In either case the effect of the steric hindrance will be 
evidenced by a diminished capacity for selectively absorbing light, 
although the increased size of the molecule will increase the general 
absorption. 
(ii) The diminished absorption power may be due to the twisting 
of one naphthyl group relatively to the other. If there is twisting in 
ove of the naphthyl groups, the atoms in that group will no longer 
vibrate in the same plane as the corresponding atoms in the other 
group. The twisting effect is probably more marked for some of 
the atoms than for the others. Consider the effect of this twisting 
in the two extreme cases, where : 
(a) The atoms are practically not affected. In this case the effect 
of the vibrations of these atoms on a ray of light will be the same as 
that of the corresponding atoms in the other naphthyl group. That 
is to say, the corresponding atoms of the two naphthyl groups will 
augment each other’s absorbing power. 
(b) The atoms are so much twisted that they vibrate in the same 
plane as the corresponding atoms in the other naphthyl group, but 
they are now in opposite phase. In this case the vibrating atoms 
nullify each other’s effect on the ray of light. That is to say, if these 
atoms in the naphthalene molecule selectively absorbed light, they 
will now allow light to pass. 
Moreover, between these two extremes cases there will be inter- 
mediate stages. But the total resultant effect of the various degrees 
of twisting of the second naphthyl group will be such that the 
selective absorption power of Bf-dinaphthyl is less than that of 
naphthalene. 
If the above argument holds good, the decrease in selective 
absorption ought to be more marked in the case of tetranaphthyl. 
Owing to the insolubility of this hydrocarbon in alcohol it cannot be 
compared with naphthalene, but a glance at the curves in Fig. 2 
shows that the two bands exhibited by this substance in benzene 
‘olution are so much weaker than the corresponding bands for 
B8-dinaphthyl that they are practically eliminated. This fact is in 
accordance with the explanation offered above. 

The effect of the increase in size of the molecule is shown by the 
fact that the alcoholic solution of 8B-dinaphthyl requires smaller 


V/1000 solutions of OC, aI Be ee 
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concentration for complete absorption than that of naphthalene. At 
the same time there is a shift in the position of the bands towards the 
red end of the spectrum. The same effects are shown by benzene 
solutions of tetrinaphthyl and BB-dinaphthyl. In the case of 
BB dinaphthyl, besides damping the third band, the benzene has 


Fig. 2. 


Oscillation frequencies. 
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slightly shifted the positions of the two remaining bands towards 
the red end of the spectrum. 


III. Hxamination of Benzene Solutions of the Isomerides Picene 
and Dinaphthanthracene and of the Substance C,H... 


The strongest solutions of picene and dinaphthanthracene which 
could be prepared were V/1500. In the case of the hydrocarbon 
C,,H,. which is very soluble in benzene, it was found more cot- 
venient to use an WV/1000 solution. The difference between the 
strengths of the solutions of the hydrocarbon C,,H,, and of the 
isomerides did not affect the conclusions to be drawn from the re 
sulting curves. 


ex] 


Logarithms of relative thicknesses in mm. of N/1000 solutions of Case. and N/1500 solutions of 


diff 
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ose 
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A comparative study of the curves shows that picene, as would be 
expected from Hartley’s theory, exhibits a type of curve markedly 
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Dot and dash curve --- N/1500 solution of dinaphthanthracene in benzene. 


diferent from that of dinaphthanthracene (Fig. 3). The curve for 
picene (Fig. 3) shows three well-marked bands of which the mean 
oscillation frequencies are : 

2670 2732 2784 
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The first of these bands is the most persistent. A solution of 
dinaphthanthracene of the same strength (Fig. 3) shows only one 
band, the mean oscillation frequency of which is 2840. The persist. 
ency of this band is not quite so marked as that of the first picene 
band. Besides the fact that picene has three bands, it is also remark. 
able that these bands are all much nearer the red end of the spectrum 
than the band of dinaphthanthracene. It seems therefore as though 
in picene the vibrations of the carbon atoms within the molecule have 
a greater amplitude than in the molecule of the isomeric dinaphth- 
anthracene. Picene has been shown to have a phenanthrene structure 
by Bamberger and Chattaway (Ber., 1893, 26, 1751). Hartenstein 
(Diss., Jena, 1892) has shown that dinaphthanthracene, from its method 
of formation, its properties, and the properties of its quinone, has 
a constitution similar to that of anthracene. Dinaphthanthracene 
was prepared by Hartenstein as follows: 

Disodium or dipotassium a-naphthaquinol was heated with carbon 
dioxide under pressure and from the products of the reaction, by 
suitable treatment, a-naphthaquinol-2-carboxylic acid was isolated. 
The acid thus obtained was treated with concentrated sulphuric acid 
at 70°, whereby two reactions took place: 

(1) The acid was oxidised to a-naphthaquinonecarboxylic acid. 

(2) The oxidation product condensed to form a substance C,,H,0,. 


ae. oH ( Y \CO,H /N/ 2 a VY 
ae \ al AA \CO”% Pg 
OH O O O 


This condensation product by distillation with zinc dust was reduced 
to dinaphthanthracene, C,,H,, 
\ ‘\ CH 
Tet ie a & 
| | 

A small amount of dinaphthanthracene was also prepared by the 
same method by Russig (J. pr. Chem., 1900, [ii], 62, 30). 

A study of the curve for the hydrocarbon, C,,H,. (Fig. 3), shows 
that this substance has a constitution similar to that of picene and 
not of dinaphthanthracene, as had been previously supposed. The 
curve for .V/1000 solutions of the hydrocarbon C,,H,. in benzene 
shows three bands, of which the first is most persistent, with mean 
oscillation frequencies : 

2290 2424 2584 


The bands are much nearer the red end of the spectrum than those 
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in the picene curve. These facts are in accordance with previous 
observations that the introduction of groups into the nucleus causes a 
shift in position towards the red end, but in this case the shift 
has been So great that the bands are in the visible portion of the 
spectrum. 


The formation of the hydrocarbon C,,H,, probably takes place as 
follows : 
Me Pe 
Pe PS nad sO 
2) | = |(Me,)=3H, + (Me,) | | | | — |(Me,), 
is oe ee 7% a 


thus entailing the elimination of hydrogen from methyl groups in the 
a-position. Now from the facts known of the action of aluminium 
chloride on benzene and its homologues it seems justifiable to infer 
that in the corresponding reaction with naphthalene the monoalkylated 
naphthalene first formed would be converted into di-, tri-, and tetra- 
alkylated naphthalenes. Moreover, as there is no apparent reason 
against the supposition that symmetrical products would be forme® 
the obvious inference is that since in the trimethylnaphthalene, the 
forerunner of the hydrocarbon C,,H,,, there is one methyl group in 
the e-position, then the others are also in a-positions, and therefore 
in the hydrocarbon C,,H,, the methyl groups are also in a-positions. 
‘Applying the same method of reasoning with regard to the position 
of the methyl groups, the hydrocarbon C,,H,, will probably be 
1:4:5: 8-tetramethylnaphthalene. 


Summary. 


The results of the comparative study of the absorption spectra of the 
substances under consideration indicate : 

I, That the substance C,,H,, is a naphthalene derivative, probably 
1:4:5: 8-tetramethylnaphthalene. 

Il. That the hydrocarbon C,,H,, has a constitution similar to that 
of 88-dinaphthyl, and is therefore probably tetranaphthyl. 

Ill. That picene and dinaphthanthracene have markedly different 
absorption spectra. 

IV. That the hydrocarbon C,,H,, exhibits the same type of 
absorption curve as picene, and is therefore an alkyl derivative of 
picene, 

There is still required some explanation of the intense fluorescence 
of the hydrocarbons C,,H,, and C,,H,,. The investigation of these 
phenomena is a subject for future research. 


The authors take this opportunity of thanking Prof. E. von Meyer 
for providing the sample of dinaphthanthracene from Dr. Hartenstein’s 
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specimen at Dresden, and also Prof. Bamberger and Dr. Chattawa 
for so kindly sending specimens of picene, without which the work 
embodied in this paper could not have been so satisfactorily concluded, 

The authors also desire to express their thanks to the Research 
Fund Committee of the Chemical Society for a grant which has ip 
part defrayed the expenses of this investigation. 
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CXXVII.—Cholestenone. 
By Caries Dorke and JoHn ADDYMAN GARDNER. 


CHOLESTEROL, which is an unsaturated secondary alcohol of the 
f¥rmula C,.H,,O, may be oxidised, under suitable conditions, to an 
unsaturated ketone, cholestenone, C,,H,,O (Diels and Abderhalden, 
Ber., 1904, 3'7, 3092 ; Windaus, Ber., 1906, 39, 518). Although the 
CH-OH group of the cholesterol is converted to a carbonyl group in 
cholestenone, the behaviour of the two substances under the influence 
of reducing agents (Ber., 1906, 39, 884; 1908, 41, 260) makes it 
doubtful whether their ‘“ carbon-skeleton” is identical in each case, 
In 1906 Windaus (Ber., 39, 2008) studied the oxidation of choles. 
tenone, using neutral permanganate which, according to Tiemann and 
Semmler (Ber., 1895, 28, 1345), is less likely than other oxidising 
agents to produce intramolecular change. He obtained as the chief 
product a saturated keto-monocarboxylic acid, C,,H,,0,, which 
contained one carbon atom less in the molecule than the parent 
substance, and which, on further oxidation, passed into a tricarboxylic 
acid, C,,H,.0,. 

These changes were, according to Windaus (loc. cit.), most simply 
explained by assuming that cholestenone contains a group, CH:CH,, 
which is situated at the end of an open side-chain, so that the 
production of the acid may be represented by the following 
equation : 

C,,H,,O*-CH:CH, + 50 =C,,H,,0°CO,H + H,O + CO, 
The tricarboxylic acid would then result by the rupture of the ring 
containing the carbonyl group thus : 


: : CO ‘ ‘ CO,H 
CO,H-C,,H,, Ou, —s COSH*CosH <9 


The correctness of this explanation is based on the analyses of the 
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ketonic acid and its derivatives, and their recognition as C,, compounds, 
a point which is somewhat difficult to settle by combustion alone ; for 
example, Windaus found for the keto-carboxylic acid the figures 
(0=77:18, 77°75; H=11-714, 11:18. These values agree equally well 
with the formalde C,,H,,0,, which requires ©=77°55, H=10°52, and 
with C,,H,,0O,, which requires C = 77°26 and H = 10°38 per cent. 

When the analyses of all the derivatives prepared are considered 
together, the C,, carbon content appears the more preferable, but as 
the modern view of the formula of cholesterol and the interpretation 
given to the many derivatives obtained from it by oxidation is based 
on the work referred to, it seemed to us desirable to submit the 
question to a further test. 

Harries has shown (Annalen, 1906, 343, 311) that unsaturated 
alcohols, when submitted to the action of ozone, combine with one 
molecule of ozone to form ozonides, whilst unsaturated ketones 
absorb four atoms of oxygen, namely, three at the ethylene linking 
and one at the carbonyl group. These ozonides on treatment with 
water decompose as follows : 


oe ~p ae —> X!CO+ Y:CO+ H.O,, 

aldehydes or ketones and hydrogen peroxide being formed. If 
Windaus’s formula is correct, cholestenone should absorb four atoms of 
oxygen under the influence of ozone, and the ozonide formed should 
react with water in the following way : 


yy fs as a ape 
ba (20+ 2,0 = 2H,0, + CH,O+ ‘OHO 


| 


Aj Oly /\/ 

CO 
These aldehydes would be at once oxidised by the hydrogen peroxide, 
and we should expect to find among the final products a C,, acid and 
probably either formic or carbonic acid derived from the form- 
aldehyde. 
The: action takes place broadly on the lines predicted, and we 
obtained as chief products the C,, ketonic acid described by Windaus, 
and carbon dioxide. Cholesterol, on similar treatment, formed an 
ozonide which also gave carbon dioxide on decomposition. 


EXPERIMENTAL. 


Ozonide of Cholestenone.—Ten grams of cholestenone were dissolved 
in 200 c.c. of dry chloroform, and a slow current of ozonised oxygen 
was bubbled through the solution until the ozone ceased to be 
absorbed and escaped freely. The chloroform was allowed to evaporate 
spontaneously, and the viscid oil left behind was dissolved in the 
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least quantity of ethyl acetate and poured into a large excess of light 
petroleum. A considerable proportion of the ozonide separated in q 
soft, resinous form, which was again dissolved and reprecipitated, 
The substance was placed in a vacuum desiccator and finally obtained 
as a colourless, glassy- solid which was readily powdered. Two 
different preparations on analysis gave the following figures : 
I. 0°1767 gave 0°4224 CO, and 0°1458 H,O. C=65°29; H=9'17, 
II. 01781 ,, 0°4424CO, ,, 01459 H,O. C=67'75; H=9-10, 
C,,H,,0°O, requires C= 67:50; H=9'17. 
C,,H,,0°0, »  C=65°40; H =8°87 per cent. 

These results seem to show that six or seven oxygen atoms are 
absorbed by the cholestenone molecule. We should have expected 
four atoms to be added in the case of a singly unsaturated ketone. It 
may be, however, that cholestenone contains a second ethylene linking 
which is not rendered apparent by the usual reagents. 

Decomposition of the Ozonide by Water.—It was not, for subsequent 
experiments, found necessary to prepare the pure ozonide as above. 
Instead, the chloroform solution of the ozonide was mixed with about 
twenty times its volume of water and heated on the water-bath in a 
current of purified oxygen. The gases evolved were passed through 
measured quantities of standard baryta solution. The action was 
slow, the evolution of carbon dioxide continuing for many hours. 
The aqueous liquid remaining in the flask was milky, acid to litmus, 
and had a peculiar odour of orange oil which we have previously 
noticed in the course of some experiments on the oxidation of 
cholesterol with hydrogen peroxide. The solid product was left asa 
brown oil, which, on cooling, solidified to a brittle mass. This was 
dissolved in ether and the ethereal solution shaken with sodium 
carbonate to separate the acid products from unchanged cholestenone 
or other neutral substances. 

The alkaline liquors were acidified when the acids separated in a 
thick clot. This, after drying, was extracted with light petroleum, 
which removed some oily, non-crystalline material and left the main 
product of the reaction in the form of a white powder, the yield being 
25 per cent. of the original cholestenone. It was purified by 
recrystallisation from acetone and from a mixture of light petroleum 
and benzene, and was obtained from the latter solvent in leaves which 
melted at 155°: 

0:2179 gave 0°6154 CO, and 0:2082 H,O. C=77:02; H=10°62. 

C,,H,,0, requires C=77'55 ; H = 10°52 per cent. 

The quantity of carbon dioxide evolved in these experiments was 
always very much less than would correspond with the oxidation of @ 
terminal CH, group to carbon dioxide. Thus 0°6745 of pure ozonide 


ac’ 
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gave 0:00649 of carbon dioxide, or about 1 per cent., whilst theory 
requires 9°8 per cent. In other experiments also the quantity 
obtained was about one-tenth part of that theoretically required. It 
seemed likely that this was due to the preferential oxidation of the 
(,, aldehydic substance, presumably formed, by the hydrogen peroxide. 
To test this we decomposed the crude product obtained by ozonising 
10 grams of cholestenone, in the presence of very dilute hydrogen 
peroxide and sulphuric acid. The yield of carbon dioxide now 
obtained agreed very well with the explanation above suggested. 

0:268 Gram of carbon dioxide was obtained together with 2°30 grams 
of the acid C,,H,,0,. The quantity of carbon dioxide theoretically 
produced with this quantity of acid is 0°245 gram. The neutral 
products of the reaction contained a considerable quantity of 
unchanged cholestenone. 

Identification of the Acid C,,H,,0,.—The acid obtained by us 
agrees in all its properties with that obtained by Windaus by the 
oxidation of cholestenone with permanganate. On titration : 


02571 required 6°37 c.c. V/10 sodium hydroxide. Equivalent = 403. 
C,,H,,0,, monobasic, requires 402. 


‘The oxime was prepared according to the directions given by 
Windaus, and was obtained from ethyl acetate in needles which 
melted and decomposed at 191°: 


0:1794 gave 0°4928 CO, and 0°1802 H,O. C=74°86; H=11°'16. 
C,,H,,0,N requires C= 74°75 ; H = 10°38 per cent. 

This acid formed a beautifully crystalline potassium salt. 

On oxidising the keto-acid with potassium hypobromite, an acid 

was obtained which after crystallisation from benzene sintered at 

127° and melted at 130° with gas evolution. It was deliquescent. 

On titration : 


0'2240 required 14:0 c.c. V/10 sodium hydroxide. Equivalent = 160. 
C,,H,,0,, tribasic, requires 150. 


The keto-acid therefore on further oxidation gives the tricarboxylic 
acid C,,H,.0,. 

In all these particulars our acid corresponded with the ketomono- 
carboxylic acid described by Windaus. 

Action of Ozone on Cholesterol.—Ten grams of anhydrous cholesterol 
were ozonised in chloroform solution as described above. The product 
Was purified by solution in ethyl acetate and precipitation with light 
petroleum. It dried in a vacuum to a perfectly transparent glass 
Which readily powdered. It had all the properties of an ozonide. 
When heated on platinum it enflamed, and it liberated iodine from 
potassium iodide solution : 
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0°1796 gave 0°4896 CO, and 0:1687 H,O. C=74°35 ; H=10-44. 
C,,H,,0°O, requires C= 74°66 ; H=10°59 per cent. 

It thus appears that the ozonide is formed by the addition of three 
atoms of oxygen at the ethylene linking of the alcohol in the normal 
manner. 

Rotation.—0°9647 gram made up to 25 ec.c. with chloroform 
gave a + 1:12° in a 2-dem. tube; hence [a]j’ + 14°51°% The rotation of 
cholesterol is [a] — 36°. 

On treatment with water in a manner similar to that described 
under cholestenone, the aqueous distillate had an odour of orange oil, 
was acid, and after neutralisation and evaporation gave a little solid 
matter which strongly reduced ammoniacal silver solution and probably 
consisted of barium formate. In the absorption vessels containing the 
baryta a copious precipitate of barium carbonate was formed, which 
was collected and identified in the usual way. The water remaining 
in the flask was milky. It was acid, and gave the magenta test for 
aldehydes. The solid left was a brown resin, which dissolved in 
alkalis and gave precipitates with salts of the heavy metals. We have, 
however, uot as yet been able to separate any of the constituents in a 
state of purity, but we are carrying out other experiments on 
derivatives of cholesterol which we hope will throw some light on 
these compounds. 

Conclusions. 


These experiments on cholestenone fully confirm the hypothesis of 
Windaus that this ketone contains an unsaturated side-chain with the 
double link in a vinyl group. If the relationship of cholestenone to 
cholesterol is that of a simple ketone to its secondary alcohol, then 
the latter substance must contain a similar unsaturated side-chain. 
This is confirmed by our observation that cholesterol forms an ozonide, 
which on decomposition with water yields carbon dioxide. Direct 
experimental proof of this point has hitherto been Jacking if we except 
the somewhat complex reduction of cholestenone to cholesterol 
through an isomeric B-cholesterol, recently carried out by Diels and 
Linn (Ber., 1908, 41, 260). 


The expenses of this work have been defrayed by a grant from the 
Royal Soviety, for which we take this opportunity of expressing our 
thanks. 


PHYSIOLOGICAL LABORATORY, 
UNIVERSITY OF LONDON. 
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OXXVILL—Apparatus for Experiments at High Tem- 
peratures and Pressures, and its Application to the 
Study of Carbon. 

By Ricuarp Trreirauy, F.R.S. 


ExreriMENTS at high pressures have generally been made by 
employing a gas or liquid to communicate pressure to the substance 
under examination. If the latter has to be heated, compressed 
gases have usually been preferred, although Parsons (Phil. Mag., 
1893, |v], 36, 304) describes some experiments in which carbon 
rods were heated under a pressure of from 5 to 15 tons per sq. 
in. in various liquids. The possibility of using substances which 
are considered as solids at atmospheric pressures is suggested by 
Spring's researches, but that a sufficient degree of fluidity might be 
expected for the accurate inference of a definite hydrostatic pressure 
was not superficially obvious. Spring mentions that crystalline 
graphite flows very easily under high-pressure differences, and, 
indeed, its properties are such as to raise an expectation that if any 
solid could be used as a means of bringing hydrostatic pressure to 
bear measurably during an experiment, that solid would be 
graphite. 

I was anxious to test the matter, and arranged the following 
experiment, employing some apparatus that happened to be at 
hand. 

A steel rod was bored for some distance to a diameter of half 
an inch (12°7 mm.), and this hole was continued by one of 3 mm. 
diameter and 15 mm. long. The wider tube was then filled with 
Ceylon graphite in its natural state, and, a ram having been fitted, 
the apparatus was placed in a simple hydraulic press provided with 
a pressure gauge, and an attempt made to ascertain the pressure 
necessary to force the graphite through the 3 mm. tube. The 
pressure gauge had a dial six and a half inches in diameter, and was 
graduated up to eight tons pressure per sq. in. From the relative 
dimensions of the press and experimental rams, it was calculated 
that a reading of one ton per sq. in. of the gauge corresponded with 
apressure of 62 tons per sq. in. on the graphite. From the experi- 
ments of A. Martens (Zeitsch. Verein. Deut. Ing., 1907, 51, 1184; 
Science Abstracts, 1907, 10, 522), it appears that the cup leather 
inction of a press introduces errors in the load estimated from the 
sauge pressure to an extent of less than 2°5 per cent. On applying 
pressure, the graphite streamed through the round tube as a solid 
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wire before any indication of pressure was given by the gauge, not 
the slightest tremor of the needle being visible; a reading of one 
fiftieth of a ton per sq. in. could not have escaped detection. In the 
application of the flowing of graphite, to be described later, it js 
probable that not one-hundredth part of the resistance to flow 
offered by the 3 mm. tube would be presented, and it was therefore 
accepted that for the apparatus in question solid graphite might 
be regarded as a frictionless fluid. 

On repeating the experiment with a plug of amorphous graphite 
prepared by the Acheson process, it was found that the pressure 
as indicated by the gauge rose to one ton per sq. in. before flow 
took place, that is, that about 60 tons per sq. in. were needed to 
make the graphite flow through the tube. The fluidity of crystal. 
line graphite, therefore, enables experiments at high pressures and 
temperatures to be carried out easily by simple laboratory appli- 
ances, and renders it unnecessary to use compressed gases, whereby 
an enormous saving in cost of apparatus is obtained, and much 
greater freedom from danger is secured. 

It was an interesting question whether graphite, which has been 
made to intumesce by treatment with nitric acid and potassium 
chlorate, and subsequent heating, would flow as easily as unheated 
crystals. So far as the apparatus described can show, there is no 
difference between ordinary and intumesced graphite. The in 
tumescence of graphite is generally explained on the basis of there 
being an assumed oxidisable material distributed between the flakes 
of the crystals ; if this be true, the subdivision must be very minute, 
for some graphites can be intumesced into a very finely-divided 
state. This property renders it very favourable for purification by 
fusion with alkalis, and treatment with hydrofluoric and other 
mineral acids. Moissan, in his exhaustive article on graphite 
(Traité de Chimie Minérale) does not mention the advantage of 
intumescing graphite before treating it with alkalis and acids for 
purposes of purification. 

Spring notes that powdered substances differ very much in their 
power of flowing under high pressure, a fact which I have often 
confirmed. Silica, even in the finest state of division, practically 
does not flow at all; and the same property characterises magnesia, 
which, after purification and fusion by electrical means, followed by 
fine grinding and sifting (240 threads to the inch run), will support 
a pressure of over 50 tons per sq. in. without being consolidated 
for more than a few mm. below the ram. The case of alumina is 
interesting. Aluminium hydroxide, as it occurs in commerce, 184 
fine granular powder, each granule, under the microscope, being 
seen to consists of a number of small crystals. Alumina 1s, of 
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course, the result of calcination, but the alumina produced from the 
granular hydroxide is also granular, each granule being made up of 
the pseudomorphs of the hydroxide crystals. When alumina in 
this form is compressed, the granules interlock, so as to form a 
fairly coherent structure, and it is easy to make small objects by 
compressing the alumina in suitable moulds, no binding material 
being necessary. 

Therefore, on the one hand, we have in graphite a conducting 
fluid under high pressures, boiling only at a _ very high 
temperature; and, on the other, non-conducting, rather infusible 
substances which can be consolidated by pressure, in which state 
they are practically incapable of flowing. The construction of 
apparatus in which these two sets of properties can be utilised is, of 
course, obvious. 

Nevertheless, several forms of such apparatus which have been 
experimented with were found to be faulty in some particular or 
other, and the apparatus, as figured, although it may appear to be 
the simplest possible, was only arrived at after some failures. 

The apparatus consists of three parts: 

1. Appliances for producing pressure. 

2. A vessel capable of withstanding the pressure. 

3. Apparatus for electric heating. 

The most convenient way of producing pressure in the laboratory 
is by means of a hydraulic lifting jack. It is necessary to provide 
an iron frame against which the jack can work. A jack to lift 50 
tons is usually quite large enough (see Fig. 3). 

The electric heating is most conveniently provided for by a 10 
or 20 kilowatt transformer, wound on both sides with several 
separate windings, which can be connected up so as to suit the 
requirements of different experiments. 

The pressure vessel is illustrated as applied to the heating of a 
carbon rod. It consists of two cylinders of high-grade steel, A,A, 
B,B (Figs. 1 and 2). In the actual case, these cylinders were made 
of Vickers’ “‘C. 10” special tool steel, used in the fairly soft condi- 
tion in which it was supplied; gun steel might be better. Each 
cylinder is turned and ground to exactly the same external dia- 
meter, and the faces which are intended to be in contact are finished 
by grinding, so that they fit with almost optical precision. This is 
essential to success. Each cylinder is bored as shown, and, after 
the cylinders are clamped together by the carefully turned clamps, 
of, the hole is ground out to a truly cylindrical form. The clamp 
's Separated from the metal cylinders by a thin sheet of presspahn 
of uniform thickness, and in boring the clamp allowance is made for 
this. The two metal cylinders are separated by a sheet of mica 

472 
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about } mm. thick, and the sharp edges of the hole are chamfered 
off to the extent of about 0°5 mm. at each side of the mica sheet, 
The cylinders are held together from end to end by means of the | 
cross-pieces, ),D, H,H, and the bolts, F,F, of mild steel. The | 
reason for making the pressure vessel in two insulated parts is that | 
the walls of the vessel may be at nearly the same potential as the 
heater where it is nearest to them; also it is a great convenience 
at the termination of an experiment to be able to break into the 
vessel at the point where the reaction to be investigated has taken | 
place, for then the result can be seen tn situ. 

The bottom cylinder is provided with a screw plug, H/, the head 


Fic. 1. 


2 
. oe 
| 
a sg —-— 
of which is let into a recess in the bottom plate, and it is so 0 
arranged that the head of the plug comes into contact with the e: 
bottom plate, the lower cylinder being just clear before pressure is t 


applied; in this way the pressure comes directly on the plug, and 
the screw threads are not strained by the pressure, so that the plug 


screws out easily at the end of an experiment. The plug is of a 
hardened tool steel ; anything else will “set up ”’ in the threads, and vi 
then the plug cannot be withdrawn. m 

The upper cylinder is also provided with a plug of hardened tool re 
steel, J, with the end accurately ground so-as to fit the bottom te 
of the recess. If this precaution be omitted, graphite is forced up pi 


from under the plug and causes it to jam. Several plugs may be 
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provided, bored for rams of different diameters, so that different 
pressure intensities may be transmitted. The ram K is made of 
the highest quality hardened tool steel, and fits at the top against a 
iece of hardened steel let into the insulated bar G. The tops of 
the holding-down bolts, F,F, are turned to fit two holes bushed 
with fibre in the bar G. This ensures the application of the pres- 
sure to the ram exactly in the direction of its length, a most neces- 
sary precaution, even when the ram is well guided by the sides of 
the hole in the plug J, which, of course, is a close fit. The slightest 
indirectness in the application of the force to the ram causes the 
sharp edges of the lower end to dig into the steel plug. It is 
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obvious that the ram must be ground to fit the bore of the plug 
exactly, otherwise graphite escapes at the sides, and tends to jam 
the ram, so that the internal pressure becomes uncertain. 

The electrical connexions are made as follows: 

It has been mentioned that the two halves of the pressure vessel 
are insulated from each other by a sheet of mica. The pressure 
vessel is also insulated from the upper clamping bar by a disk of 
mica placed between the upper half 4 and the clamp D. The cur- 
tent enters the apparatus through the bar. transmitting pressure 
tothe ram, and thus the bar, ram and upper cylinder A are all at 
practically the same potential. The current leaves by a connexion 
to the plate #, whereby the lower cylinder is brought to the poten- 
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tial of the point at which the current leaves the resistor. The fy] a res! 
potential difference is thus thrown on the mica insulation betweey possi 
the cylinders A and B. If the inner edges of the joint are lefj D.R.- 
sharp, it is found that an are tends to be formed, and for this Th 
reason they are chamfered off, as stated. The whole apparatus js from 
mounted in a rectangular frame as shown, the hydraulic lifting whicl 
jack being placed below the pressure vessel. The top of the jack of se} 
is guided by a plate provided with two holes, through which the by Sc 
main bolts pass. In order to save the trouble of tooling these lime i 
soluti 
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bolts, it is convenient to pass them through sleeves of drawn brass and at 
tubing. vessel i 
In the arrangement shown, the pressure vessel is lifted against plug ex 
the ram as the pressure comes on, and some flexibility is therefore vessel, 
required in electric or water connexions. “set uy 
apparat 
Pr , a, 24 tila é has giv, 

reparation of Pressure Vessel for an Experiment. hej 

eing g 
It has been stated above that silica, magnesia, and alumina in A ph 
fine powder can be consolidated under heavy pressure, provided of the ; 
that not more than about 3 mm. thickness of material is con- may be 


solidated at one time. If it is intended to make use of carbon as oxide o 
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a resistor, magnesia is to be preferred for obvious reasons, although 

ossibly zirconia or thoria would do as well, or better (Herzus, 
D.R.-P. 179570). 

There appears to be some difficulty in purchasing magnesia free 

from lime and alkali salts; at all events, in six or seven samples 
which were examined lime was found. The most effective method 
of separation of lime from magnesia appears to be that indicated 
by Sonstadt (Crookes, Select Methods, 1871, p. 39), in which the 
lime is precipitated by sodium tungstate from a slightly ammoniacal 
solution. When really pure magnesia is required, it has been 
found economical to start from magnesite and commercial hydro- 
chloric acid, but the obvious details do not require further refer- 
ence; it is, of course, necessary to guard against the presence of 
silica. For many purposes, where a trace of calcium or silicon 
carbide does no harm, the “pure magnesia” of commerce can be 
obtained of sufficient purity. However the magnesia may be 
obtained, it must be calcined before electric melting, otherwise so 
much water vapour is given off that a considerable quantity of the 
fine powder is blown away. The magnesia may be fused either by 
asmothered arc between carefully-purified graphite electrodes, or, 
witu less chance of contamination, by means of a graphite rod with 
water-cooled connexions, as in the well-known process of preparing 
fritted sand-tubes. The dense, fused product, which should be per- 
fectly white, is ground in a hard steel mortar and sifted through 
the finest silk or wire sieve, say, 170 to 200 threads to the inch. 
The particles of steel from the mortar are collected by a pointed 
electro-magnet, with which the powder is stirred until nothing more 
is extracted. A considerable amount of stirring is necessary. A 
good deal of time may be saved by preparing enough magnesia for 
several experiments at one operation. 
The pressure vessel is lined with magnesia in the following 
manner. The ram and upper plug of the apparatus are removed, 
and a temporary plug bored to the internal diameter of the pressure 
vessel is screwed in its place. A hard steel ram is provided to fit this 
plug exactly, and long enough to pass to the bottom of the pressure 
vessel. Unless the steel is of good quality, and very hard, it will 
“set up” under pressure, and become so tightly wedged in the 
apparatus that it cannot be withdrawn. Vickers’ “C. 10” steel 
has given good results in this and similar cases, the ram, of course, 
being ground after hardening. 

A plug of Acheson’s ordinary graphite is turned to fit the bore 
of the pressure vessel, and provided with a conical end. This plug 
may be boiled out with hydrochloric acid if the presence of a little 
oxide of iron is an objection, but the process is a long one. In 
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any case the plug must be heated to redness shortly before being J heater 


placed in the vessel, where it forms the bottom connexion. and it 
The magnesia powder is added in small quantities at a time, ang J able te 
consolidated under a pressure of 50 tons per sq. in., Or more, only The | 


enough magnesia being added on each occasion to compress to q the pre: 
cake of about 3 mm. thick; after each pressing, the surface of the J from 
magnesia is scored by a hard steel point, and the pressings continued J throug! 
until the vessel is full to a little above the bottom of the Upper of the 
plug. This plug is then unscrewed, and the whole apparatus re. Watts 
moved to a lathe, where it is mounted so as to rotate about the Befo: 
axis of the cylindrical plug of magnesia. The magnesia is then explosi 
drilled by a hard steel twist drill 3 or 4 mm. in diameter, the upper ence OV 


end being opened out to a conical mouth. The top of the mag- whole ¢ 
nesia tube is carefully levelled to the level of the bottom of the of gray 
proper plug, which is then placed in position and screwed home bya tively « 
special key. Graphite, purified in accordance with the end in view, to a he 
is then introduced, and rammed by hand into the magnesia tube, J was hit 
and, finally, the graphite filling is continued about half-way up the similar 
plug, so that a reservoir of graphite may be present to be drawn sisted © 
upon as required. copper 
Finally, the ram is inserted, and the graphite pressed up with the ran 
more than the full pressure it is intended to use. A heavy current formin; 
(five or six hundred amperes for a 3 or 4 mm. hole) is then passed earliest 
through the graphite, and in a few seconds the pressure gauge J round ; 
shows that the pressure is beginning to fall, owing to the melting and ma 
of the magnesia, for however tightly the powder be packed, it will slightly 
be found to make more room for the graphite when it melts. The J up to 
current is kept up for five or six seconds (details of a particular washer: 
trial will be given later), and the pump is worked vigorously to ing, it 
keep up the pressure, which continues to fall after the current is the mic 
turned off. If the operation is done with the judgment which a In a 
little experience easily gives, the magnesia lining is converted into in whic 
a tube of fused magnesia extending to within 2 or 3 mm. of the the ser 
steel walls. Unfortunately, it seldom or never happens that the water-c 
bore remains uniform in diameter, but this does not greatly matter. In bot 
The apparatus is allowed to cool in situ, and then the ram is pulled holes a 
out ; two facets ground on the upper part of the ram are convenient and no 
for allowing a key to be used to twist the ram to loosen it. The J harden 
graphite, unaltered except that it is now softer and more crystal Ther 
line, as described by Parsons (Proc. Roy. Soc., 1907, 79, A, 532), 18 cooling 
scraped out, and the mixture on which it is desired to experiment ordinay 
introduced, the conical opening of the magnesian tube being then under 
packed with graphite as before. If the mixture is a non-conductot, carbon 


a conducting rod or wire of suitable material is introduced as 4 form y 
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heater with the charge. The desired experiment can then be made, 
and it is found that the magnesia tube has no longer any consider- 
able tendency to increase in diameter. 

The advantage of the particular construction described, in which 
the pressure vessel consists of two insulated parts, lies in its freedom 
from accidents due to the penetration of filaments of graphite 
through the walls, causing short circuits when they strike the sides 
of the vessel. These filaments may be produced as described by 
Watts (7rans. Amer. Electrochem. Soc., 1907, 11, 9279). 

Before the construction described was arrived at, quite sharp 
explosions of iron vapour from the vessel were of frequent occur- 
ence owing to this cause. It will be sufiiciently obvious that the 
whole of the design depends on the use of a considerable quantity 
of graphite as a means of transmitting pressure from a compara- 
tively cool region, where the cross-section of the graphite is large, 
toa hot one, where the cross-section is small. Before this device 
was hit upon, a great many experiments were made in an apparatus 
similar to the one described, but in which the pressure vessel con- 
sisted of a single piece of metal. In this construction, graphite and 
copper wads were used to conduct the current from the bottom of 
the ram to the heater of much smaller cross-section. Various ways of 
forming the insulating lining of the tube were tried. One of the 
earliest was to build up a tube by sheets of clear mica wrapped 
round a mandrel of rather less diameter than the ram. The tube 
and mandrel were then pushed into the cylinder, and the mandrel 
slightly untwisted, when it could be withdrawn. For temperatures 
up to a red-heat this gives a satisfactory lining, but if copper 
washers are used to protect the end of the ram from contact heat- 
ing, it is found that the copper almost invariably cuts through 
the mica by lateral expansion when the pressure is put on. 

In all constructions of apparatus, or arrangement of experiment 
in which a considerable rise of temperature is to be expected at 
the serewed plugs, these must be made of high-speed steel, and 
water-cooled. The same precaution has to be taken with the ram. 
In both cases care must be taken that the bottoms of whatever 
holes are drilled in the steel for water-cooling are nicely rounded, 
and not left conical from the drill, as the risk of cracking during 
hardening is thereby diminished. 

There is no difficulty whatever in carrying out a system of water- 
cooling, and “high-speed” steel was a great improvement on 
ordinary tool steel in regard to freedom from expanding laterally 
under heat and pressure. The question as to the behaviour of 
carbon was really settled in such an apparatus before the improved 
form was arrived at; the advantage of the latter lies in its sim- 


1342 THRELFALL: APPARATUS FOR EXPERIMENTS AT 


plicity and in the ease with which successive experiments can be MM jifficult 
carried out in it. to me. 
In researches in which a high temperature (say 2000° or above) Most 
has to be maintained for more than, say, 10 seconds, it will stjjj of abou 
be found convenient to make both plugs and ram of high-speed J jining | 
steel, and to make use of water-cooling. A ram of high-speed steel, ground 
13 mm. in diameter, was bored to a diameter of 6°5 mm., the Tube 
depth from the hemispherical crown of the bore to the face of the mixed © 
ram being 3°5 mm. This ram carried a pressure intensity of 109 
tons per sq. in. without yielding or breaking, and was used in a 


successful experiment. It is perhaps as well to add that the ip. It m 
structions issued by the steel-makers in regard to hardening and differ i 
tempering the steel were rigorously followed. Boy. 8 

The main difficulty encountered throughout was in regard to the ws Par 
porosity of the lining of the pressure vessel. It was found to be think i 
very difficult to fill the bore with magnesite in such a way that afice | 
soft spots did not occur here and there, through which hot graphite Expe 
was forced by the pressure. Many attempts were therefore made wily is 


to arrive at a more solid form of lining, with the following results, Grap 
A tube of alumina from, calcined hydroxide was more solid than #4. ran 
the magnesia tube, but was so hard that it could only be drilled 


(by steel) with the greatest difficulty. The carbon rod used asa 
heater was separated from the alumina by a layer of magnesia pa 
rammed round the rod by a tube-shaped ram. The result was fairly ae 
satisfactory. Attempts were also made to make tubes in other iene 
moulds, cut them out round the outer circumference, and grind Actu 
them until they fitted the pressure vessel. The trouble involved per ton 
was very great, and no real improvement resulted. It was found _— 
impossible to avoid the boring out by using a tube-shaped ram to tungsta 
compress the material round a taper mandrel, because the mandrel, the feo 
although of the hardest steel, and accurately ground and polished, Thicl 
could not be forced out. Thicl 
The consolidating power of magnesia is improved by mixing a 16 wm 
little fine graphite with it and sifting the mixture to great uniform Carty 
ity of composition. To attain this, the graphite has to be present The 
in sufficient quantity to make the resulting tube appreciably elec- carbon, 
trically conducting. Addition of oil did not cause the magnesia to hydrofli 
make a tube more free from soft places, but it made the work of dither 
compressing the magnesia in the vessel, removing the temporary The 
ram, &c., more easy. alterna’ 
China clay did not make a better tube than magnesia. It was intbede 
noticed incidentally that a mixture of dry china clay and parafiin hebweer 
oil has not the plastic properties of a mixture of china clay and minals 


water. This is of interest for the theory of plasticity, but it is opened 
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jificult to believe it is not generally known, although it was new 
to me. 

Most of the experiments on consolidation were made at pressures 
of about 28 tons per sq. in. One experiment was made using a 
ining made from a tube of melted sand. Although the tube was 
ground to be an exact fit, it broke directly the pressure came on. 
“Tubes made from compressed amorphous silica, either alone or 
nixed with ground felspar, were unsuccessful and difficult to bore. 


Experimental. 


It may be stated at once that the results obtained with carbon 
difer in no respect from those already published by Parsons (Proc. 
Roy. Soc., loc. cit.) in so far as they cover the same ground, but 
as Parsons has not published any details of his experiments, I 
think it desirable to place my data on record, for which it will 
suffice to select some typical trials. 

Experiment 7, September 13, 1906.—Apparatus: Pressure vessel 
made in one piece, with water-cooled rams and plug. 

Graphite washers (Acheson’s), 7 mm. thick, were placed between 
the ram and the heater. 

Area of ram of hydraulic press, 9°62 sq. in. = 62°05 sq. em. 
Diameter of ram of pressure vessel, 1°3 cm. 

Area of ram of pressure vessel, 1°33 sq. em. 

Pressure produced in vessel per ton per sq. in., as shown by 
Bourdon gauge, 62°05/1°33=46°65 tons/sq. in. 

Actual pressure probably 2 per cent. less, say 45 tons per sq. in. 
per ton shown on gauge. 

Lining of pressure vessel, magnesia purified from lime by sodium 
tungstate, and ignited in injector furnace at a temperature at which 
the fireclay crucible softened and settled. 

Thickness of walls of compressed magnesia round ram, 3 mm. 
Thickness of walls of compressed magnesia round carbon heater, 
“> mm. 

Carbon heater 33 mm. long, 4 mm. diameter. 

The heater was turned down from a small rod of electric light 
carbon, which had been treated with boiling hydrochloric and 
hydrofluoric acids, and ignited. The calculated electric resistance 
of the rod is 0°13 ohm cold. 

The current employed for this experiment was low-periodicity 
alternating current, at about 100 volts. The alternator circuit 
included an electrolytic resistance of a solution of sulphuric acid 
between lead plates hanging in a tub. The pressure vessel ter- 
minals were short-circuited by a large switch, which could be 
opened when it was desired to start the current, and the resistance 
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of the electrolytic regulator was so large compared with that of the fy ness 80 
pressure vessel that the current was only slightly altered by open. qm tat the 
ing the switch. This enabled the ampere-meter to be read quickly jy gauula 
The press was pumped to a gauge pressure of 2°5 tons per sq. jn, Jy sa St 
which is equivalent to a maximum pressure of 117 tons per sq. in, nelted ; 
in the pressure vessel, neglecting friction losses. The pressuyp qm sst of ‘ 
gauge employed was a new one, passed as accurate by the makers Imm jected | 
but not tested by me for want of suitable appliances, although I haye Iq vate! ! 
no reason to suspect there was any appreciable error in its indica, my Uphu 
tions. The pressure was transmitted by graphite from the 13 mm, gy mucea' 
ram to the carbon heater. cent.) 1s 
The current was turned on for five seconds at a mean value of gm # trace 
300 amperes. The voltage was not obtained, the voltmeter being in meas 
unsuitable for rapid reading. If the resistance is taken at 0°15 ohm § mmr 
at first, and the inductance is negligible, the voltage would be 45 HH ge 
volts, and the power 13°5 kw. a mass 
During the five seconds, the pressure as shown by the gauge did these ¢ 
not give way at all, although the current density was about 2 9 Ps¥" 
amperes per sq. mm. of carbon section. The apparatus was then fy 4 th 
allowed to cool down for four minutes, the ram and plug being crystals 
cooled by the circulation of a vigorous stream of water. oe et this 


The switch was again opened, and 400 amperes passed for four my © fe 
seconds, when an explosion occurred, and the current was stopped; _ ol 
the pressure fell off, and may be regarded as of the order of a fer Eape 
tons per sq. in. during the cooling. The contents of the pressure jm"! ! 
vessel were removed by cutting away the magnesia round the rams gj *™P¢er 
(which in this trial entered from both ends) and then pushing ‘ag vo! 
out the central part, including the carbon rod, by means of a larger fy” volt 
ram and the hydraulic press. The explosion was found to have The 
been due to a short circuit between the upper ram and the side at 117 
of the pressure vessel through a presumably soft spot in the lining inetion 
A piece of the core, weighing 0°0774 gram, had not been affected Assu 
by the explosion, and was examined. It was found to be a fine which 
grained graphite. The porosity was tested by saturating it with period, 
water by long boiling and exhaustion in a vacuum under water, and “tte 

ave § 


it was found that the weight had increased to 0°0782 gram; on 
wae 


drying and heating to a red-heat a weight of 0°0773 gram was carbon 


recovered. The gain in weight due to absorption of water was Violl 
therefore only 1:164 per cent. of the weight of the dry graphite. of gray 
A similar experiment, carried out on a small piece of artificial as ("5 
(Acheson's) graphite, showed a gain in weight of 808 per cent. @ %¢ tak 
Some intumesced graphite was compressed with a load of 25 tons per the me 
sq. in. without heating, and in this case water was absorbed to peratu 
the extent of 5:9 per cent. of the weight of the original graphite. = 

0 


The slight porosity was quite in keeping with the observed hard- 
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yss and fineness of grain of the graphite. The microscope showed 
hat the graphite consisted of a mass of minute felted crystals, the 
ganular appearance of the original carbon being quite lost. The mag- 
yesia surrounding the carbon had the appearance of having been 
melted ; it was black, and, under the microscope, was seen to con- 
jst of a mass of fused or partially fused material thoroughly in- 
jected with filaments of graphite. On boiling the magnesia with 
yater, no odour of acetylene could be detected, but on heating with 
silphuric or hydrochloric acid, a decided odour of acetylene was 
noticeable ; the action even of boiling sulphuric acid (say 50 per 
gut.) is slight. The odour perceived was slight, and was attributed 
totraces of the carbides of calcium and iron, the latter being present 
in measurable quantity, and it was most likely introduced by the 
ramming and drilling-out process which the magnesia had under- 
gone. Prolonged action of hot concentrated hydrochloric acid left 
amass of graphite crystals, but it was not absolutely proved that 
these came from the heater and not from the graphite used as a 
pressure transmitter ; but from the close contact between the heater 
aud the magnesia rammed round it, it is highly probable that these 
crystals come from the heater. It is interesting to note that even 
at this temperature and pressure no magnesium carbide appears 
to be formed, or at least to persist. The above observations on the 
state of the magnesia apply essentially to all the trials made. 
Experiment 8, September 20, 1906.—The conditions of experi- 
went 7 were exactly reproduced, except that the current of 580 
amperes was kept on for two and a half to three seconds only. 
The voltage at the end was a good deal above 6 volts, but less than 
‘N) volts, probably about 12 volts. 

The pressure did not yield at all during the trial, and was kept 
at 117 tons per sq. in., less, say, 24 per cent., due to cup leather 
fretion, throughout the cooling. 

Assuming that the voltage and current are coincident in phase, 
- fm Which must have been almost exactly the case owing to the low 
period, and large resistance in circuit, we can form an idea of the 
energy supplied. Taking 10 volts, 2°5 seconds, 580 amperes, we 
mn Me have O°8 kw. for 2°5”=14,500 watt seconds=3,450 calories. The 
carbon weighed about 0°75 gram. 

Violle (Landolt and Bornstein, Z'abellen) gives the specific heat 


as 0.535. Dewar gives 0°314 for gas coke from 0° to 1040°. If 
we take the largest of these values, and assume no loss of heat to 
the magnesia during the two and a half seconds, we find the tem- 
perature through which the carbon is raised as 3450/0°75 x 0°535 = 
8600°. 

No doubt a great deal of heat is lost to the magnesia, but on the 


of graphite between 0° and 2000° as 0°475, and from 0° to 3000° 
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other hand we have taken what is probably a minimum value fo [some 
the energy supplied, so that there is no doubt that a very high J this € 


temperature was attained. An ordinary 10-ampere arc lamp takes [J carbo 
say, 400 watts in the are, so that we may say that an energy supply been 
sufficient to keep eight lamps going was concentrated in less thay graph 
0°5 c.c. of carbon for a period of two and a half seconds at leas # harde 
Also, there is no doubt as to the pressure having been kept on a file 
the rams, as the gauge did not move, and an assistant was exert. 9 as wa 
ing his whole force on the pump lever all the time. There jg in the 
however, a possibility that some of this pressure might have bee, 9 what 
taken up by the edge of the magnesia packing surrounding the not fi 
carbon rod, and by the graphite forced between the ram and the mark 
magnesia tube. It is improbable, however, that more than a small poros! 
percentage of the pressure intensity was taken up in either of J descr 
these ways. water 
At the end of the experiment the rams were removed by cutting when 
out the magnesia, and the central part was pushed out in the press. of the 
The carbon was converted wholly into a hard, dense graphite, as in testin 
experiment 7. The magnesia tube had the same appearance, and and 1 
was in every way similar to the tube described in connexion with wards 
that trial. graph 
Experiment 9.—-Apparatus as in experiments 7 and 8. Currett, were 
550 amperes, between 15 and 20 volts, for four seconds. The Th 
pressure gauge at the beginning of the heating showed a pressur part | 
of 2 tons per sq. in., giving 93°3 tons per sq. in. in the pressure The | 
vessel, if no allowance is made for friction. On starting the the | 
current the pressure dropped to 14 tons per sq. in., but pumping 224 
brought the reading back to its initial value before the current grapl 
was stopped, and this pressure was maintained for ten minute piece 
afterwards, so that there could be no question as to the pressure of wa 
under which the carbon cooled. Taking the lowest possible value 0155 
for the voltage, namely, 15 volts, we have an energy supply of is in 
8°25 kilowatts=1°95 kilogram-calories per second, or 7°8 kilogram- grapl 
calories in the four seconds. At the close of the experiment the sure 
magnesia was cut away and the core pushed out. It was found was ¢ 
that the magnesia had been fused for about 1°5 mm. round the porte 
carbon, and sintered for 15 mm. more, but beyond this point it fied, 
was unaltered. The sintered magnesia was removed by grinding, tube, 
as was the fused magnesia on one side of the core. The fused mag: meet 
nesia then broke longitudinally, and there was extracted a conical appa 
shaped piece of graphite 10 mm. long, and 7 and 3 mm. diameter Whil 
at the upper and lower ends respectively. The sides of the graphite simil; 
block showed signs of having moved relatively to the magnesia whiel 


envelope; the surface was, in fact, a “slikenside.”’ There were a ha 
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for J some nodules of harder graphite projecting into the magnesia. In 
high this experiment, as in many others, it was noticed that where the 
kes, carbon rod joined the lower washer of Acheson graphite, it had 
oply J been driven into the washer to a depth of about 2 mm., and the 
han graphite into which the rod had been converted was very much 


harder at this point than elsewhere. The hardness was such that 
on fm a file only just scratched it, and it did not appear to be carbide, 
as water had no action on it. Owing to the presence of impurities 
in the Acheson graphite, and, consequently, want of certainty as to 
what might have taken part in the reaction, this hard part was 


eet 
the (| uot further examined. The main fragment was very soft graphite, 
the marking paper more softly than the softest drawing pencil. The 


porosity was determined by exhausting under boiling water as 
described in connexion with experiment 7, and it was found that 
water was absorbed to the extent of 0°069 gram by a piece weighing 
when dry 0°546 gram, that is, a gain in weight of 12°64 per cent. 
of the dry weight. The density of the graphite was determined by 
testing pieces of one to two cubic millimetres volume in potassium 
and mercury iodide solution, the density of the liquid being after- 
wards measured in a Sprengel tube. The liquor and pieces of 
graphite were exhausted and heated together until constant readings 
were obtained. 

The result was that at 15° the density was 2°240. The hard 
part had a density of 2°12, and the unaltered Acheson graphite 1°95. 
The possession of porosity is, I think, remarkable, having in view 
the heavy pressure under which the graphite was crystallised. 
224 is about the figure recently given by Le Chatelier for all 
graphites when properly exhausted. Using this value it is seen that a 
piece of graphite weighing 0°546 gram was able to absorb 0°069 c.c. 
of water. If graphite had filled this space it would have weighed 
'155 gram, or the ratio of the volume of graphite crystals to pores 
isin the proportion of 100 to 28°3. In view of the easy fluidity of 
graphite under high pressure, it was difficult to believe that the pres- 
sure was really being transmitted properly to the graphite, which 
was crystallising, and it seemed possible that the ram was being sup- 
ported partly either by the edge of the magnesia when this solidi- 
ied, or by graphite wedged in between the ram and the magnesia 
tube, although it is certain that the pressure was very high. To 
meet this difficulty the design of the apparatus was altered, and the 
apparatus as illustrated was the outcome of this modification. 
While the new apparatus was being prepared, some further trials, 
similar to those described, were carried out in an apparatus in 
which the outer lining was ignited compressed alumina. This made 
a harder tube, but one not really so sound as the magnesia, and 
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several explosions occurred, breaking the rams. It was also more toa. 
difficult to keep up the pressure. However, the results obtained, g hard 
far as they went, were identical with those already described, and sligh 
the same remark applies to some trials in which unpurified natural was | 
graphite was employed. Except that the graphite crystals formed Ea 
from the natural graphite were, if anything, rather larger than but 
those coming from the amorphous carbon, and that the heating quan 
could be more prolonged at constant current, owing to the lower prod 
resistance of the core, no difference in the result could be detected, evap 
In one case a supply of 60 kilogram-calories was accomplished in 10 two. 
seconds, but the pressure could not be maintained owing to the flow treat 
of molten magnesia. The product in this case was brilliantly crystal. hydri 
lised graphite. The graphite was destroyed by Brodie’s nitric acid and 
and potassium chlorate mixture, as described by Moissan, a separa- Th 
tion of the residue by a heavy liquid was carried out, and a search crucl 
for diamonds made by the microscope, but none were found. On scenc 
fusion with potash in a silver spoon, the residue entirely dis. Th 
appeared. secon 
Beperiment 14.—Apparatus, as figured, with one ram, water- sq. in 
cooled. Material, unpurified natural graphite. The tube was The 
pure fused and ground magnesia, from which the iron had been at th 
extracted by a magnet. by B 
Dimensions of narrow part of heater: Length, 57 mm. ; diameter, nothi 
4 mm. part « 
Current, 500 amperes, 65 volts, for six seconds. seen | 
Calculated pressure in vessel, 48°5 tons per sq. in. per “ ton per An 
sq. in.”’ shown by gauge, uncorrected for cup leather friction. the ri 
Initial pressure, 48 tons/sq. in.; at the end of six seconds the escape 
pressure fell to half this amount, and did not return to its initial presse 
value until five seconds later; during this time the average pres showi 
sure was about 36 tons/sq. in. Ex; 
Energy supply (volt-amperes), 46°8 kilogram-calories. Fe+s 
Taking the density of the graphite at 2°2, the weight of graphite smoth 
in the narrow neck was 1°58 grams. The 
After cooling, the pressure vessel was taken apart, showing 4 compc 
section of the graphite in sifu. The diameter of the graphite core nitric 
was now 8 mm., and the magnesia had melted round it to 4 Four, 
diameter of 1l mm. It was fused to a diameter of 15°5 mm., leaving On 
the remainder unaltered ; the diameter of the bore was 25°5 mm. The found 
magnesia tube was pushed out of the vessel, and it was seen that that i 
the graphite was no longer in the form of a cylindrical rod, but the te 
was of much greater diameter in the centre (where the tem 
perature had been highest). As before, the part in contact with The 
the Acheson graphite plug was found to have penetrated the latter assista 
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toa depth of several mms., and this part was extremely hard. The 
hard part was examined for diamond in the usual way, but not the 
slightest microscopic trace could be found. The main rod of graphite * 
was recrystallised into large and brilliant crystals. 

Experiment 15.—Essentially a repetition of the last experiment, 
but purified graphite was used. This was made by causing a 
quantity of Ceylon graphite to intumesce, coveying the intumesced 
product with a concentrated solutio# Oe Potassium hydroxide, and 
evaporating the mixture down to a fusion at a red heat for about 
two hours. The potash was then dissolved out, and the residue 
treated several times in succession for some hours at a time with 
hydrofluoric and hydrochloric acids, and, finally, with hydrofluoric 
and sulphuric acids, 

The graphite was washed free from acid, dried, and ignited in a 
crucible. During the fusion with potash a slight further intume- 
scence was noticed. 

The energy supply was 450 amperes, at 55 volts, for 4°5 to 5°0 
seconds. The pressure did not fall at any time below 36 tons per 
sq. in., and was, on the average, about 50 tons/sq. in (uncorrected). 
The magnesia was fused for a distance of 3 mm. from the core, 
at the centre of its length. The core was practically all oxidised 
by Brodie’s reaction, and, so far from there being any diamond, 
nothing could be collected for separation by the dense liquid. The 
part of the core which penetrated the artificial graphite was again 
seen to be very hard. 

An experiment was made to test whether the graphite could jam 
the ram, but it was found that when the graphite was allowed te 
escape by having the two halves of the pressure vessel insufficiently 
pressed together, the graphite was forced out without the gauge 
showing any indication of pressure. 

Experiment 16.—The reaction (Tone. Am. Patent, 833427) 
Fe+SiC=FeSi+C was verified to some extent in an ordinary 
smothered are furnace, although the yield of silicide was small. 

The product was not analysed, but was recognised as having the 
composition FeSi,, not FeSi, by its resistance to 25 per cent. 
nitric acid, and reacting violently with hydrofluoric acid (Moissan, 
Four. Elect., 347). 

On carrying out the reaction under pressure, only graphite was 
found, but the iron was distributed in such a way as to suggest 
that it had been melted and forced into the magnesia tube before 
the temperature of reaction was reached. 
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The apparatus as described was entirely constructed by my 
assistant, Mr. C, H. Beasley, and the experiments were also prepared by 
VOL. XCIII. 4 U 
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him. Assistance in purifying materials and examining products was float ( 
afforded by Mr. T. H. Waller. I desire to acknowledge my ip. bower 
debtedness to these gentlemen. The experiments were in all cases Is fac 
conducted by myself. hould 
this st 
Note on the Examination of the Products of Reaction. partic! 
P ; ; ; c ' ‘ > iodide 
The method of Brodie with Moissan’s slight modification | Hleetric .? 
Furnace (English Trans.), p. 49] was used throughout, although iat 
a Bi 7 , ever 
Staudenmaier’s method (Ber., 1898, 31, 1485) is more convenient for sania 
the preparation of considerable quantities of graphitic acid. It was went 


not expected that small crystals of diamond would be formed, as the Burt 
conditions of experiment were at all events intended to be adjusted 9% tain 
as to give a complete transformation to the greater part of the HF y44;, 
grapbite treated, had it so happened that this was possible. Never. This 
theless, for the sake of completeness, the treated graphite was BB), doe 
regularly searched for minute diamonds. Of course nothing can be J iicte 
done until the graphite is destroyed, and as this is the most lengthy at 
part of the process it is important to be able to see when the tran @ . gen 
formation to graphitic acid is complete. After the ‘first attack by I j.arcy 
nitric acid and potassium chlorate, the colour of the graphitic acid is purities 
so deeply green that it is not easy to see whether particles of liquid. 
untransformed graphite are left or not. A difficulty in regard to @ yijj oy 
washing the graphitic acid is mentioned by Staudenmaier and has powder 
been confirmed, namely, that much washing tends to make the J the inc) 
graphitic acid slimy and difficult to handle. the act 
Staudenmaier’s treatment by potassium permanganate and sub J giver | 
sequently by hydrogen peroxide was found of service in removing the TM jadje to 
green colour. Deflagration of the washed and dried graphitic acid Ti goated ; 
must be done very carefully in a deep beaker and little by little, a B® fraomey 
the deflagration is quite sudden enough to cause risk of the ejectionof Race ti 
fine particles. After the deflagration is complete, it is best to wet the MM tive or ¢ 
residue thoroughly with nitric acid (acid of sp. gr. 1°4 may be used), Hi of some 
then add a mixture of one volume of nitric acid to two volumes of strong Hi diamon: 
sulphuric acid, cool, and cautiously throw in crystals of potassium being le 
chlorate to the extent of twenty times the weight of the graphite 
originally taken. It is obviously necessary to keep the liquid cool by 
adding the chlorate gradually, the beaker standing in wate 
meanwhile. In about two hours the pyrographitic acid is dissolved, Moiss 
and any traces of graphite that have been left are oxidised. In my J¥form or 
- experience one or two treatments, each lasting about fifteen hour, MBand anal 
with the strong nitric acid and potassium chlorate, followed by JB with sir 
deflagration and the process described, sufficed. The residue can l¢ [producti 
collected as described by Moissan, but the tendency of diamond © BB cases of 
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foat (as found in check experiments) is in reality a serious difficulty, 
however much alcohol-spraying of the water surface be carried out. 
Iu fact if minute diamonds are present to any appreciable extent, I 
should think it would be impossible to avoid seeing some of them at 
this stage of the process. The bulk of the residue seemed to consist of 
particles of glass in most instances, and was separated by methylene 
iodide of density 3°34 at 4°. 

In the experiments described, no residue that could be collected was 
ever found, but the treatment with methylene iodide is, I believe, 
unnecessary, and is certainly an added opportunity for the escape of 
minute particles of diamond. 

Burton (Nature, 1905, 72, 397) mentions that some crystals 
obtained by him supposed to be diamond withstood the action of fused 
alkali at a red heat. 

This test does not appear to have been applied by Moissan, or, if so, 
he does not mention it either in the “ Your. Electrique,” or in the 
article on diamond or graphite in the “ 7'raité de Chimie Minérale.” 

It is, however, a very couvenient test, for carborundum which 
is Mis generally present is quickly destroyed by red-hot potassium 
hydroxide, and, of course, the same remark applies to most of the im- 
purities which have survived to the stage of separation by a dense 
liquid. In order to make sure that microscopic particles of diamond 
will survive this treatment, an experiment was made. A diamond was 
aS powdered, and the powder passed through a sieve with 100 threads to 
the inch. Microscopic quantities of this powder were then exposed to 
the action of potassium hydroxide for five minutes in a small], pure 
silver ladle at a temperature high enough to cause the edges of the 
ladle to begin to melt. On washing off the melt, the diamond dust 
floated on the water after two or three washings as usual, and the 
fragments were examined under the microscope, when they were 
found to be unaltered in appearance. ‘The fusion was continued for 
ive or ten minutes, On repeating the experiment with the addition 
of some crystals of carborundum, five or six times the volume of the 
diamond fragments, the carborundum disappeared, the diamonds 
Wl ® deing left as before. 


ter [Summary of Information as to the Artificial Production of Diamond. 


Moissan claimed to have repeated his classical experiment in one 
form or another several hundreds of times. He collected diamond 
and analysed it, and his experiments have been repeated by others 
with similar results. We may therefore admit that the artificial 
production of microscopic diamonds is an established fact. In all 
tases of successful production, carbon had been combined with, or 
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dissolved in, iron or silver at a high temperature, the mass had 
cooled as rapidly as experimental resources permitted, and had beep 
exposed to considerable pressure during the cooling. Some estimate 
of the quantitative relation of the physical conditions may be formed 
by a detailed consideration of the experiments. 

Pressure.—In the form of Moissan’s experiment in which a crucible 
’ full of a mutual solution, or compound, of iron and carbon at a high 
temperature was plunged below a cooling liquid, for example, molten 
lead of greater density than the iron, drops of molten iron containing 
carbon were separated and solidified as they floated up. Moissan 
states as the result of his experience that when such drops were 
small and regular a relatively large yield of diamond was obtained, 
When the drops showed signs of having burst, no diamond was 
present. This seems to show that some pressure is necessary. It is 
not possible to estimate more than the maximum pressure that could 
have been set up, but this can be done easily. According to Moissan, 
the more or less homogeneous pasty mixture or compound which 
exists between iron and carbon at the temperature of an electric furnace 
separates into two phases, rich in iron and carbon respectively, as 
cooling occurs, and the increase in volume incident on this separation 
is greater than the natural decrease attending a lowering of 
temperature. 


When the crucible is plunged below molten lead, the iron phase | 


separates in a more, and the carbon phase in a less, liquid condition 
than the original paste, and drops of the iron phase detach then- 
selves as soon as the requisite fluidity is reached. The outer layers of 
the resultant drops must be supposed to acquire the properties of a 
solid before the separation into two phases is complete in the interior, 
and hereafter as cooling progresses the compression of the still liquid 
portion accompanies it, since the relative volume of the inner part 
tends to increase. Now the pressure which can be set up in this way 
is clearly limited by the breaking strength of cast iron under 
tensile stress, and this is approximately known, Moreover, the rela- 
tion between the tensile stress in the iron and the hydrostatic pressure 
it can produce is determinate. Prof. Poyntiog, F.R.S., has kindly 
deduced the following formula for me from a complete treatment of 
the problem in Violle’s Cours de Physique, Vol. 1., p. 399. 

Let P be the hydrostatic pressure per unit area, 7’ the tensional 
stress iu the shell, supposed uniform, 2 the radius of the fluid 
portion, and #’ the radius of the sphere. Then 

P = (2T{ RS — =} 
v3 + 288 


The breaking strength of such iroa as would separate under the 
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conditions of the experiment would probably not be more than six or 
seven tons per square inch, say 1,000 kilograms per square cm. If we 
then put 7’=1, we can ealeulate the maximum hydrostatic pressure 


that can be set up with the following result : 
1,000 kilos./sq. em. 


When (1). 4’=0°5 cm. ?=0°375 cm. P=0°652 
(2). R’=05 ,, 2=0°25__,, P=1°40 
(3). B=0S ,, 2=0°125 ,, P=1°'954 
(4). BOs .. R=0°05 ,, P=1°994 
(5). B=O5 ,, R=000 ,, P=2°000 


In terms of the units employed in the earlier part of this paper, we 
may say that a breaking strength of ten tons per square inch under 
tensional stress would probably be an outside figure for the iron, in 
which ease the hydrostatic pressure might possibly rise to twenty tons 
per square inch. A more likely figure is the one given as case 2, 
where we have, say, eight or nine tons per square inch pressure, and 
this is independent of the size of the spheres, In the case of the forma- 
tion of black diamond in an ingot of silver, a similar increase of 
volume on setting is shown to occur under the conditions of ex- 
periment, but, as the limit of elastic stress in hot silver is not known 
tome, I can only surmise that the effective pressures were lower than 
in the case of the iron spheres. Since diamonds were only formed at 
the centre of the ingot, where the pressure would have been greatest, 
we may perhaps infer (subject to certain restrictions) that silver can 
only give just the necessary pressure. 

It should be added that in Violle’s treatment of the problem, the 
rigidity and modulus of incompressibility of the metal are treated as 
independent constants, but it is unlikely that this can be strictly true 
at really high pressures. The uncertainty introduced in this way in 
the final formula is probably quite negligible compared with the other 
uncertainties of the problem. 

Temperature.—Moissan estimates the temperature of his crucible of 
molten iron at 3000°, when it is withdiawn from the furnace. In the 
case of iron melted in an are and allowed to drop into water, the 
temperature reached could not have been anything like so high, for 
the iron would fall off by gravity as soon as it was fairly melted and 
escape further heating. In the case of silver, the boiling point, which 
Dr. Harker informs me is about 2100°, would limit the temperature 
to this point. It is clear that pressure could not have been set up in 
any case until the temperature was much reduced. The separation of 
carbon itself appears to take place only after some considerable cooling 
to a temperature estimated at 1500°. The advantage of a high 
temperature, if it exists, must therefore lie in the supersaturation of 
the metal with carbon, or in the formation of a particular compound, 
Which breaks up on cooling, yielding carbon under conditions of 
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temperature and pressure favourable to the formation of diamond exal 
I ought to add that I do not think it likely that a temperature of Nati 
3000° was ever really attained in any of Moissan’s experiments, | very 
has al-o been shown in this paper and by Parsons (/oc. cit.) that high 
at temperatures of the order of and above 2000° and at high pressures effec 
carbon 1s converted into well-crystallised graphite when the cooling for ¢ 
is not instantaneous. The view harmonising best with the facts ag perti 
collated would appear to be that the temperatures actually effective at and 
the moment of crystallisation are comparatively low, say of the order micr 
of 1500°. At temperatures of 2000°, one would also expect that chem 
diamonds, if formed, would be converted into graphite unless the (and 
pressure restrained the transformation velocity sufficiently in relation was 
to the rate of cooling to enable some diamond to persist untrans. Friec 
formed. This is substantially Roozeboom’s guess (Die Heterogenen have 
Gleichgewicht, 1, 180), together with the acute suggestion that the by M 
value of metals as solvents is to be traced to the depression of the show 
carbon crystallisation point by the action of the solvent. assoc 
As Roozeboom’s views on the transformation of carbon receive some On 
support from the experiments described in this paper, and afford the f, 
besides the most general and concise statement of the problems, they phase 
may be briefly restated as follows. Owing to the absence of vapour the y 
pressure measurements for both graphite and diamond, it is not grapl 
possible to plot the vapour-pressure temperature diagram. At inter’ 
ordinary temperatures, the heat of combustion of graphite is slightly grapk 
greater than that of diamond, but the difference is so small that more even 
accurate work is necessary before the point can be considered settled. far as 
The specific heat of diamond is less than that of graphite, so that there fact ¢ 
would be a teudency as the temperature rises for the heat of trans- Moiss 
formation (absorption) of diamond to graphite to increase. Graphite sulph 
being the more stable form at high temperatures, it is unlikely that may | 
raising the pressure and temperature sufficiently to melt either cryste 
diamond or graphite could yield the former, as even if it happened versio 
that diamond was the form which crystallised out more easily, it direct 
would suffer froma high rate of transformation to graphite. By The 
means of solvents, however, the crystallisation point can be depressed fluenc 
and the transformation velocity of diamond to graphite be reduced, s0 stance 
that if rapid cooling be added it is possible that some diamond may contai 
escape conversion. (Lung 
Itx 
If we turn to the natural diamonds, we find stones of considerable in det 
size, and therefore it is clear either that in Nature excessive rapidity and s 
of cooling is unnecessary or that diamond ecrystallises at an unpre which 
cedented rate. The former alternative being more in harmony with howey 


general experience in the growth of crystals, I shall adopt it and ash, w 
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examine the consequences. These are that either there must exist in 
Nature some solvent from which the diamond can erystallise with a 
very small velocity of conversion to graphite, or that as a result of 
high pressure the transformation velocity is much reduced, or both 
effects may exist together. It has not yet been shown that any solvent 
for carbon other than iron or silver exists having the necessary pro- 
perties. The work of Friedlinder and of Hasslinger, and of Hasslinger 
and Wolf, does not settle the point, for even if it be admitted that 
microscopic diamonds were formed in the experiments of these 
chemists with mixtures of alkali or alkaline-earth silicates and carbon 
(and no analyses were ever made), still there is no evidence tbat iron 
was absent in the mixtures used by Hasslinger and Wolf, and in 
Friedliinder’s case (fusion of olivine) it was obviously present. I 
have pleasure in acknowledging that this was brought to my attention 
by Mr. Parsons. In Nature, of course, iron is always present, as is 
shown by the examination of the material with which diamond is 
associated. 

On the whole the facts appear to indicate that what is required for 
the free formation of diamond is a mixture from which a pure carbon 
phase can separate at a temperature which is not high enough taking 
the pressure into consideration for the velocity of transformation te 
graphite to have any appreciable value. The limits of the temperature 
interval over which diamond can crystallise without conversion into 
graphite are probably very near together, whence it seldom happens 
even in Nature that diamond can be formed rather than graphite. So 
far as we know the crust of the earth, we can assure ourselves that in 
fact graphite is an almost indefinitely more usual form than diamond. 
Moissan made the interesting observation that small quantities of 
sulphur in the presence of iron increase the yield of diamond. This 
may be the result of the presence of sulphur helping to depress the 
crystallisation temperature rather than to reduce the velocity of con- 
version to graphite, but it may also have what may be described as a 
direct action on the mode of crystallisation. 

There are many cases in which an apparently inert material in- 
fluences the form, although not the composition, of crystallising sub- 

stances ; for instance, when potassium chlorate separates from solutions 

containing calcium chloride, it appears in needles instead of plates 

(Lunge, Su/phurie Acid and Alkali, 2nd E.1., 3, 499). 

It may happen that the presence of certain substances is advantageous 

in determining the crystallisation of carbon in the form of diamond, 

and some support to this view is to be found in the constancy with 

Which iron and alumina appear in the ash of diamonds. Against this, 

however, Moissan states that he obtained diamonds entirely free from 

ash, which, however, can only mean that no ash could be perceived in 
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the small quantity of artificial diamond available. In regard to the 
effect of pressure, it seems most reasonable, in the light of the experi- 
ments recorded in this paper and elsewhere, that pressure may be 
mainly necessary in enabling the carbon to separate in a sufficiently 
dense form to be able to crystallise at all. When carbon separates jp 
the laboratory at ordinary pressures and at temperatures which are 
not too high, the amorphous variety of much lower density than 
diamond appears, and pressure may be necessary to raise the density 
of the nascent carbon sufficiently to enable it to crystallise in the 
denser form. If the view that the formation of diamonds of a size 
involving slow crystallisation is only possible within very narrow 
temperature limits be correct, then we must admit that, owing to the 
larger mass of material involved, natural operations have a great 
advantage over laboratory experiments. It would be a difficult matter 
to keep a fusion between 1500° and 1000°, and under a pressure of, 
say, ten tons per square inch, constant in temperature within one or 
two degrees for several hours or days, and yet this may be a necessary 
condition for the formation of diamond. On the above theory, it is 
clear that the most promising line of research would be to make 
arrangements to keep a solvent containing carbon under a considerable 
pressure at the lowest temperature at which carbon could separate, for 
considerable periods. 


CXXIX.—The Rusting of Iron. 
By Wituiam Avueustus TILDEN. 


Tus is a subject which has been frequently investigated, but that it 
is still in the controversial stage is shown by the appearance in the 
Transactions of the Chemical Society within the last three years of two 
communications from well-known sources, in which the respective 
authors express contradictory opinions as to the nature of the 
phenomena. On the one hand, Dunstan, Jowett, and Goulding (Trans, 
1905, 87,1548) uphold the view that the presence of carbonic acid is not 
a necessary condition, but that contact with oxygen alone is sufficient 
to produce rusting if the surface of the iron is covered with a film of 
liquid water. These authors also assume that hydrogen peroxide is 
formed during the process and that it plays an important part in the 
production of rust. 

On the other hand, Moody (Trans., 1906, 89,720) maintains the older 
explanation given long ago by Crace Calvert and Crum Brown, which 
is based on the opinion that in ordinary atmospheric rusting aérial 
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carbonic acid is responsible for the initial attack of the iron, rust result- 
ing from the further action of oxygen on the carbonate so formed, 
Moody, however, goes further in asserting, on the basis of his own 
experiments, that oxygen alone is unable to attack iron in the presence 
of water. 

Nearly three years ago my attention was drawn to the question, in 
the first instance chiefly in connexion with the remarkable passivity in- 
duced in iron by contact with weak solutions of chromic acid. The state- 
ments made by Moody (/oc. cit., p.728) do not accord with my experience. 
I have preserved specimens of iron partly immersed in a 0°5 per cent. 
solution of chromium trioxide in contact with ordinary air between 
two and three years without any sign of rust or of dissolution of the 
iron, either by change of colour or by the formation of precipitate on 
adding excess of ammonia, 

Since these two papers were published in the Transactions of this 
Society, a paper has appeared in the Journal of the American Chemical 
Society (1907, 29, 1251) by Walker, Cederholm and Bent which 
contains an account of an investigation of the problem of the 
corrosion of iron the results of which lead to conclusions with which 
Iam in general agreement. I should have been content to leave the 
matter to the authors of that paper, but as my experiments have taken 
a different form, I think they possess some interest as affording 
contributory evidence toward the main conclusion. 

The iron used in most of my experiments was Swedish soft iron in 
the form of rod } inch or about 6 mm. in diameter. It contained no 
manganese and 07103 per cent. of carbon. A section kindly made 
for me by Professor Gowland showed, under a magnification of 3000 
diameters, the usual traces of slag disseminated through the mass. 
The pieces of metal used for experiment were turned bright on the 
lathe, and, in a few cases, were polished with emery. 

I began by a repetition of Moody’s experiment (figured p. 722, 
loc, cit.), with the sole difference that instead of placing a single piece 
of iron in the bend of the tube three pieces were placed in separate 
bulbs blown on one piece of tube. A was a piece of iron partly 
polished, partly rough-filed, B had been heated first in hydrogen to 
reduce external oxide and then to redness in a vacuum, ( was a piece 
of the same iron polished and then immersed in a 1 per cent. solution 
of chromium trioxide for about twenty-four hours and afterwards well 
washed. Each piece was protected from contact with the glass by 
coating the ends with paraffin as advised by Moody. The apparatus 
included all Moody’s arrangements for removing carbon dioxide with 
addition of a flask containing a 20 per cent. solution of potassium 
hydroxide through which the entering air bubbled. After drawing 
air through the whole for five days, water was distilled on to the iron. 
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On A and B rusting commenced visibly in about twenty minutes, tube 
whilst C showed no change. After some time, however, a spot of tube 
rust appeared at the end close to the paraffin. About two litres of allov 
purified air were drawn through the apparatus each day for two four 
months. The difference between the iron which had been treated ducec 
with chromic acid and the other specimens was very marked, and even hydr 
after the lapse of a year and a-half the original spot of rust on the conta 
former is the only point attacked, the surface retaining its bright begar 
polish. Ma 
Other experiments were conducted as follows: (1) a piece of only | 
apparatus was constructed as shown in the figure. In order to avoid of ir 
contact with the glass, the iron, turned to a bright surface on the lathe soluti 
was placed in a silica boat, inserted in the horizontal tube. The distill 
capillary end of the vertical tube being sealed, the apparatus was rusted 
connected at A with the mercury pump and was exhausted as con. In 
pletely as possible, and while in that condition the whole was warmed immer 
washe 
a piece 
the la 
former 
subseq 
part of 
My 
Amer. | 
by Du 
Walke 
of wate 
experir 
by means of a flame applied outside. This operation was continued o- 
for some time with the object of removing adherent air before the ag 
connexion with the pump was closed by the blow-pipe. The capillary ana 
end was then inserted into the flask filled with 20 per cent. solution = . 
of sodium hydroxide, oxygen made from pure potassium chlorate was let eds 
in, and the whole allowed to remain for three days in the position shown ae 
in the figure. On breaking the end of the capillary by means ofa wsled. 
wire, oxygen entered the tube containing the iron, and on heating the _. 


crystallised baryta, water distilled away and was caused to condense 

on the iron by the application of a little ice outside. Rusting began a nd 
in about ten minutes and proceeded rapidly. Another experiment (2) — 7 
was tried in which greater precautions were taken, the whole glass - 


tube before the introduction of the baryta being made very hot, the o o 
iron being shifted from one part of the tube to another as necessary *9 _ 
by means of a magnet. After introducing the baryta and sealing up wh om 

en t 


the end of the tube, air free from carbon dioxide was admitted and the 
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tube evacuated again. This was repeated four times, and finally the 
tube was sealed off. Water was then distilled from the baryta and 
allowed to remain in contact with the metal for periods varying from 
four to ten hours on four successive days. No visible effect was pro- 
duced. The oxygen was allowed to remain in contact with the sodium 
hydroxide for a week before admitting it through the capillary into 
contact with the iron. After the admission of oxygen, rusting soon 
began, and in twenty minutes was proceeding rapidly. 

Many similar experiments were made with similar results. Two 
only need be mentioned. In the one (3), two exactly similar pieces 
of iron were used, of which one was wetted with a concentrated 
solution of sodium hydroxide, the other was supplied with water 
distilled from baryta. On admitting purified oxygen, the latter 
rusted rapidly, whilst no action occurred on the former. 

In the other experiment (4), a piece of iron, which had been 
immersed in 1 per cent. chromic acid for two days and then well 
washed with boiled water, was compared in a similar manner with 
a piece of the same iron not so treated, but merely turned bright on 
the lathe. The latter was freely rusted in twenty minutes, whilst the 
former showed no change until after about two hours, and then and 
subsequently was attacked only in certain spots, whilst the greater 
part of the surface remained bright for months. 

My attention was then drawn to the experiments of Whitney (J. 
Amer. Chem. Soc., 1903, 25, 398), which have been adversely criticised 
by Dunstan, Jowett, and Goulding, although confirmed later by 
Walker, Cederholm, and Bent (/oc. ci¢.). In order to study the effect 
of water as free as possible from all other substances, the following 
experiment was made (6). 

A piece of iron turned bright was placed in a silica boat enclosed 
ina glass tube containing baryta and connected with the mercury 
pump as shown in the figure. The tube was exhausted and heated, a 
small quantity of water being driven from the baryta in order to 
assist in the complete removal of air, and finally, the tube being 
evacuated as completely as possible, its connexion with the pump was 
seled. In order to condense water on the iron, the boat had to be 
cooled by ice while the baryta was gently heated. When the boat 
was full, the ice was withdrawn and the water gradually evaporated. 
The operation was repeated daily, except Sundays and_ holidays. 
After a few days, a faint discoloration became visible, and it gradually 
became more marked, the change resulting in the formation of a deep 
blue film over the whole surface except the scratches left by the tool, 
Which appeared under a lens to have a yellowish colour. 

At the end of six months, oxygen, purified as before, was admitted, 
when the blue film instantly disappeared. Rusting, however, was not 
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visible until after the lapse of about three-quarters of an hour, byt with 
then it spread quickly over the whole of that part of the surface dioxi 
which was wet, and was not restricted to portions of the surface as jp to tl 
previous cases, It appears probable from this that the blue film other 
consists of ferrous hydroxide. sir tl 
A second experiment of the same kind is proceeding, with similar pract 
observed effects. Th 
Inasmuch as these experiments do not permit any settlement of the whic! 
question whether iron in any form really passes into solution in the of fe 
water, the experiment originally made by Whitney (loc. cit., p. 398), initie 
and repeated by Walker, Cederholm, and Bent (loc. cit., p. 1255), was of c: 
carried out with such slight modifications as seemed desirable (7), expel 
Two Jena flasks, of about 700 c.c. capacity, were thoroughly cleansed the ¢ 
by steaming and subsequently boiling distilled water in them for two wire 
days. Stoppers were prepared of wide glass tube drawn out for sealing, same 
and were fitted to the necks by means of unvuleanised rubber tubing distil 
previously boiled in dilute sodium hydroxide and washed. Water, and 
distilled specially into each flask until about three-fourths full, was the | 
kept boiling for abont an hour and a half, without condenser, the sever 
loss due to evaporation being made up by addition of water boiled Th 
separately. The stopper having been inserted, one of the flasks was due | 
closed at the blow-pipe. Into the other, boiling continuously, a strip hydr 
of bright sheet iron, 37—38 sq. em. of surface, was dropped and the actio 
stopper inserted. After boiling another quarter of an hour, this als of co 
was sealed and left to cool. After the lapse of a week, both flasks pheri 
were connected with condensers attached to a water-pump, the facili 
pressure reduced, and the water in each flask evaporated without provi 
exposure to air so as to avoid the possibility of admission of dust. coati 
When concentrated to about 50 c.c., the iron, which was unaltered in show 
appearance, was removed. The liquid was perfectly colourless and magi 
clear, but in the course of a few minutes, after admission of air, it quote 
became brownish and cloudy. That this was caused by the formation is cor 
of a precipitate of ferric hydroxide was proved by the application of adde 
the usual tests for iron, namely, thiocyanate and ferrocyanide, the | 
precautions being taken to avoid mistake arising from possible oxide 
impurity in the reagents. The water in the blank experiment Fr 
remained perfectly bright and colourless on exposure to air. This to co’ 
result agrees with that of Walker and his colleagues, and is in harmony the a 
with my own experiments already described. the p 
It appears to me, therefore, that iron, in the form of malleable iron, woul 
is attacked by water with formation of ferrous hydroxide, which passes cathe 


into solution if the water is present in sufficient quantity. 
But ferrous hydroxide is also the first product of the admission of 
air or oxygen into contact with iron the surface of which is covered 
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with water. On several occasions air or oxygen, purified from carbon 
dioxide, when admitted into a tube containing moist iron, gave rise 
to the formation of a dark green product which was attracted like 
other ferrous compounds by the magnet. On further exposure to 
air this product turns brown, but specimens sealed up have undergone 
practically no change of appearance in twelve months. 

The conclusion is inevitable that the rusting of iron is a process 
which passes through two stages, of which the first is the production 
of ferrous hydroxide or, in ordinary air, ferrous carbonate. The 
initial action is undoubtedly electrolytic, whether water or solution 
of carbonic acid is concerned. I have ascertained by a special 
experiment (8) that contact with a less positive metal accelerates 
the action of water. A piece of iron bound with a ring of platinum 
wire was sealed up in a tube of the form shown in the figure with the 
same precautions as in experiment 6, and water from crystallised baryta 
distilled on to it. The formation of a blue film near to the platinum, 
and nowhere else, was observed in about a fortnight, whilst without 
the platinum an equal effect was produced only after the lapse of 
several months, 

That the action in such circumstances is very slow is obviously 
due partly to polarisation and partly to the slight solubility of ferrous 
hydroxide, and these conditions together set a limit to the electrolytic 
action. If anything in the nature of an acid is present, the action is 
of course greatly promoted. But even in the case of ordinary atmos- 
pheric rusting, in which carbonic acid is the electrolyte, the action is 
facilitated by contact of the iron surface with a depolariser. This is 
provided in air, whether or not free from carbon dioxide, by the 
coating of ferric hydroxide which is formed externally. It has been 
shown that a current will flow through a system consisting of 
magnetic oxide, water and iron which behaves as the anode (expt. 
quoted by Walker, Joc. cit.). A coating of rust, therefore, while wet, 
is continually suffering reduction on its inner surface, and this action, 
added to the hydroxylation of the iron, affords an easy explanation of 
the rapid production of ferrous carbonate or hydroxide, or magnetic 
oxide, 

From what has been said, it would be manifestly futile to attempt 
to collect the hydrogen evolved during the action of iron on water in 
the absence of air on account of its extremely small amount. When 
the process goes on in the presence of air or oxygen, no hydrogen gas 
would be expected, as it would at once be oxidised into water on the 
cathodic surface, 
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reagt 
Composition of Iron Rust. = 
Many analyses of iron rust are to be found in chemical literature sheet 
(compare Mallet, Brit. Assoc. Report, 1838, 258; Liversidge, Nature, iron 
1892, 45, 424; Crace Calvert, Chem. News, 1871, 23, 98). differ 
Dunstan, Jowett and Goulding recail the fact that the composition not | 
of rust is somewhat variable, and depends to some extent on the rusti 
conditions under which rusting has occurred. They also state that it only 
contains a variable proportion of ferrous iron, but they set this fact chem 
aside in the endeavour to establish a constant formula, Fe,0,(OH),, to pl 
on the basis of analyses in which the ferrous iron is not distinguished iron. 
from the ferric. At 
Moody is right in stating that common air-formed rust frequently on th 
contains an appreciable quantity of ferrous carbonate, and that the Inst., 
interior of masses of comparatively fresh rust is commonly black and wate! 
magnetic. I have had the curiosity to examine one sample of rust incre 
which has had exceptional chances of proceeding to the highest degree draw 
of oxidation. Some years ago, in company with Professor Thorpe, I stean 
visited the site of one of the old iron workings on the shore of Loch oppo! 
Maree ; we brought away some iron of which analyses were published activ 
(Dougal, Trans., 1894, 65, 744; Tilden, Proc. Birm. Phil. Soc., 9, 1), comu 
I happen to have kept the whole of the rust from my specimen. The samp 
loose external brown portion which separated in the form of dust when 
was sifted through fine gauze and analysed, with the following hydrc 
result : and | 
1. Il. Mean. ing ¢ 
Fe” teteenee seeeeeees 9°15 9°26 9°20 per cent. Pa 

Total iron ......... — — 62°65 
expre 
Here is a specimen of a rust which has been exposed to air and rain Gouk 
for some two hundred and fifty years still retaining upwards of 9 per poe 
cent. of iron in the ferrous state, or about one-seventh of the total of on 
amount of iron present in the substance. There is no carbonate in saffic: 
this specimen, and from the semi-crystalline appearance of much of know 
this rust it appears to consist in part of magnetic oxide, which is point 
known to be very stable. The universal presence of ferrous oxide in eleme 
rust is significant in regard to the nature of the process, but I feel Thi 
convinced that no formula can be safely assigned to iron rust in of the 
general. locali 
| Constitution of Metallic Iron. . 
The initial stage of rusting being electrolytic in character, a ques O'Shea 
tion arises as to the nature of the materials of the couple formed Sheffie 
when water or any electrolyte is applied to the surface of the iron. — 
ave h 


A weak solution of phenolphthalein and ferricyanide, first used as 4 
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reagent by Walker and his colleagues, when applied to the surface of 
avy kind of iron shows in a few minutes areas of opposite polarity. 
When applied to polished surfaces of grey cast iron, white cast iron, 
re sheet iron and steel, action appears to commence first on grey cast 
iron and to follow on the other metals in the order mentioned. But 
different specimens of each react at different rates, and hence it would 
not be safe at present to infer anything as to their relative rates of 
rusting. Imbedded graphite, scale and slag are not, apparently, the 
only substances which promote the action of air and water. The 
chemical compounds of carbon, silicon, phosphorus and sulphur appear 
to play a distinct part in the process, being probably negative to 
iron. 

Attention may also be drawn to the work of Richards and Behr 
on the electromotive force of iron under various conditions (Carnegie 
Inst., Washington, 1906), in which they show that iron quenched in 
water shows abnormally high electromotive force, and that this 
increase is due to occluded active hydrogen. As all malleable iron is 
drawn or rolled in the presence of an atmosphere containing much 
steam, and cast iron is cast in sand moulds which contain moisture, 
opportunity is provided for the production of more or less of this 
active hydrogen within the iron. It is a well known fact that iron 
commonly contains gas. I have examined at different times many 
samples of wrought iron and of “ pure” iron made by myself, and all, 
when heated in a vacuum, yield gas containing carbon monoxide and 
hydrogen (see also recently Belloc, Compt. rend., 1907, 145, 1280, 
and Boudouard, Compt. rend., 1907, 145, 1283), and usually consist- 
ing chiefly of these gases, 

Pure iron in the massive form is at present unknown,* and the 
expression ** pure iron,” used in the memoirs of Dunstan, Jowett and 
Goulding, and Walker, Cederholm and Bent, can only mean iron 
containing very small quantities of foreign elements. The presence 
of such foreign constituents, although in very various proportions, is 
suflicient to show that the surface of any piece of iron at present 
known is not uniform in composition, and consequently that from 
point to point the surface furnishes in contact with an electrolyte the 
elements requisite for electrolysis. 

This view is further substantiated by the results of my observation 
of the process of rusting of clean surfaces of iron. The action is often 
localised in a remarkable way, rapid action occurring along lines or 


* My attention has been drawn to a paper by Prof. W. M. Hicks and Mr. L. T. 
Shea, printed in the Commemoration Volume issued by the University of 
Shefield, and abstracted in the Brit. Assoc. Report for 1895, in which the 
authors describe the production of remarkably pure iron by electrodeposition. I 
have had no opportunity at present of examining this iron. —W. A. T. 
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restricted areas of the surface, whilst other portions remain y. 
tarnished in presence of water and oxygen or air contaiuing carbone 
acid for months. 

According to Richards and Behr, the active hydrogen contained jy 
iron is not in the form of a compound with iron, a hydride, but they 
consider that ‘‘ the most reasonable explanation ” of the facts quoted 
is the hypothesis that the active hydrogen is “ dissociated but not 
ionised.”” The expression dissociated is used as equivalent to atomic 
hydrogen without electric charge. On such an assumption this 
hydrogen could only contribute to the oxidation of the iron indirectly, 

As the result of my own experiments, conjointly with those r 
other chemists already referred to, I consider the following facts 
established. 

1. Commercial iron, liquid water, and oxygen are alone suflicient 
for the production of rust. Carbonic acid is not necessary, but when 
present hastens the action. 

2. Commercial iron is attacked by pure water in the absence of 
oxygen and carbon dioxide, the product being, not rust, but ferrous 
hydroxide. 

3. Iron rust always contains ferrous oxide. 

4. The process of rusting is due initially to electrolytic action 
resulting in the production of ferrous hydroxide or carbonate. This 
may be explained by the presence in all ordinary iron of various 
components which afford surfaces at different potential in the presence 
of water, aqueous carbonic acid or other electrolyte. 

RoyaL COLLEGE OF SCIENCE, 
Lonpon, 8. W. 


CXXX.—Some Esters of Arsenious Aeid. 


3y WitiiaAm Roverr Lane, Jonny Francis Mackey, and 
Ross AITKEN GORTNER. 


J. M. Crarrs (Bull. Soe. chim., 1870, [ii], 14, 99), in referring to 
the existence of compounds of arsenic with alcohol radicles, pointed 
out that no esters of arsenious or of arsenic acid had been prepared 
up to the year 1870, and described a method by which he obtained 
ethyl, methyl, and amyl arsenates; this consisted in heating the 
corresponding iodides in sealed tubes at 100° with normal silver 
arsenate. The esters were purified by washing with ether and dis- 
tilling under diminished pressure. They are liquids of high boiling 
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point, above 200°, and suffer partial decomposition if distilled under 
atmospheric pressure ; in the case of the amy] arsenate so much s0 
that he found it impossible to obtain it pure even when distilled in a 
vacuum. The addition of water to them causes immediate and com- 
plete decomposition into arsenic acid and the alcohol. Crafts deter- 
mined their composition by weighing the precipitated arsenic acid as 
the magnesium salt and the carbou and hydrogen by combustion, and 
gave them the formula R,AsO,. For the arsenites of the alkyl 
radicles he used three methods, a sealed tube being employed: (1) the 
interaction of arsenious oxide and ethyl silicate at 200°, (2) the inter- 
action of ethyl iodide and silver arsenite at 150°; and (3) the inter- 
action of arsenic bromide and sodium ethoxide, which last method he 
considered the best, although in it a secondary reaction between the 
ester formed and the sodium ethoxide causes a condition of equilibrium 
to be set up, and no more ester is formed. 

It is to be noted that even if disodium hydrogen arsenite is employed 
the resulting arsenite is always the trialkyl salt. Crafts states 
that arsenious oxide and alcohol do not react when heated in a 
sealed tube, nor does arsenious oxide either with ether alone or with 
the addition of ethyl acetate, even when in contact for twenty 
hours, 

These esters prepared by Crafts are specified by Auger (Compt. rend., 
1902, 134, 238) as the only ones known, and he refers in a later 
paper (Compt. rend., 1906, 143, 907) to Crafts’ inability to obtain 
any ester by heating the alcohols and oxides of arsenic in a sealed 
tube. Auger bases his conviction that an ester is produced on the fact 
that arsenious oxide is volatile in alcohol vapour, although not in water 
vapour, and concludes that this cannot be accounted for unless there 
isan ester formed.* Also he succeeded in preparing an ester from 
glycerol and arsenic oxide, and from ethyl, methyl, isopropyl, isobuty], 
and isoamyl alcohols and arsenious oxide. He heated the alcohols with 
crystalline arsenious oxide for some hours, evidently in a sealed tube, 
as the temperatures quoted are far above the boiling points of the 
alcohols, and gives 6°5 per cent. as the extreme limit of esterification 
in the case of methyl alcohol, and 12 per cent. in that of ethyl alcohol. 
Calculating from his figures, the yield of ester for the higher alcohols 
appears to be 2°62 per cent., 0°25 per cent., 1°00 per cent., and 0°63 
per cent. for propyl, tsopropy], isobutyl, and isoamyl alcohols 
respectively. 

So far as can be gathered from the paper, Auger takes no account 
of the extreme solubility, as we have found, of arsenious oxide in the 
ester. These small yields and the difficulty found by Crafts in 

* We have passed the vapour of methyl alcohol over arsenious oxide heated in a 
lug tube, and the ether obtained differs entirely from methyl arsenite. 
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obtaining any results from the action of the acid on the alcohol arg analys 
evidently due to the reversal of the reaction : tion (1 
6ROH + As,O,=2R,As0,+3H,O . . . . . (1) Our 
Auger states that he removed the water as it was formed by frag. from t 
tional distillation (in the case of isobutyl and isoamyl esters), or by formin 
passing the mixture of alcohol and water vapour over calcium carbide oxide 
placed in an adapter, thus removing the water and allowing the alcohol iodine 
to drop back into the flask in which the reaction takes place. An with ic 
excellent yield, how much is not stated, of propyl, n-butyl and isobutyl determ 
arsenites was thus obtained. Phenol, in the same way, yielded an 180-2 
ester hitherto only prepared by the action of sodium phenoxide on sufficie 
arsenic trichloride. the wi 
The nature of the reaction expressed by equation (1) and the standa: 
properties of the ester clearly show that only by removing the water arsenic 
as it is formed can one expect to get a large yield. Our work has found 
been done in two ways, namely, by heating the mixture in a vessel to arsenit 


which is attached a modified Soxhlet tube and condenser, the Soxhlet 
containing anhydrous copper sulphate, and by adding this dehydrating 
agent directly to the mixture. A comparison of the yields obtained 
is given in the sequel. By these two methods yields of from 14°8 per 
cent. (cold) to 58°6 per cent, (hot) have been obtained with aliphatic 
alcohols, and with the phenols as high as 90 per cent. Experiments 
have also been made, with very encouraging results, on benzy! alcohol Expt 
and on esters of hydroxy-acids. We hope to show that the use of such CH, 
a dehydrating agent as copper sulphate in a Soxhlet tube will allow - a 


of the preparation of a series of esters from the oxides and possibly Pi 
sulphides of arsenic, antimony, tin, and perhaps bismuth with com- isoBr 
pounds containing hydroxyl, where the boiling points of such esters 1-069 : 
are higher than that of water, as, indeed, is the case with all of these; al ent 
also with anhydrous copper sulphate in contact with the substances at 249° 
themselves. In many preparations, too, of esters generally and allied ite 
products, the formation of water in the reaction produces an equi- at 185° 
librium resulting in a very low yield. It is expected that by removing decomp 
this water, as is done in the instances described in the present paper, ivamy! 
the yields will be greatly increased in many commercial processes. Heati 
To elim 

EXPERIMENTAL. ester, t] 

and six 


Heating with Inverted Condenser only.—Weighed quantities of 
propyl, isobutyl, and isoamyl alcohols were mixed with excess of * Auge 
arseulous oxide and heated with a direct flame for forty-five minutes of the es 
in a flask to which a reflux condenser was attached. The clear liquid my 
obtained was poured off from the excess of arsenious oxide and frac- 908). N 
tionated under diminished pressure. The esters so purified were themsel v. 
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aalysed and the yield compared with that calculated from equa- 
tion (1). 

Qur method of ascertaining the composition of the esters differs 
from that used by Auger.* The ester was decomposed with water, 
forming arsenious oxide and liberating the alcohol. The arsenious 
oxide was dissolved in sodium carbonate and titrated with .V/10 
iodine (a preliminary test having shown that the alcohol did not react 
with iodine). By this means the quantity of arsenic in the ester was 
determined. 
iso-Amyl Arsenite.—1°4 Grams were decomposed with 10 c.c. of water, 
sufficient sodium carbonate added to dissolve the arsenious oxide, and 
the whole diluted to 100 c.c.; 25 c.c. of this required 17 c.c. of 
standard iodine for oxidation, corresponding with 22-4 jer cent. of 
arsenic, In 50 grams of the ester, the alcohol was determined and 
found to weigh 39 grams, or 78 per cent. isoButyl and propyl 
arsenites were also analysed in a similar way : 


Per cent. Per cent. As calculated 
Ester. As found. as (RO), As. 
Eee 44°5 44°6 
ERS ee ~- — 
IEE Sitarenies. Seennens 29°6 29°7 
GD iseics si cwsdcnn 25°7 25°5 
Amyl . 22°2 22°3 
EE. veencee wnioses 22°4 22°3 


Expressing these as salts of arsenious acid, the formule become 
(C,H,,),AsO,, (C,H,),As0,, and (C,H,),AsO.. 

Propyl arsenite is a yellow, mobile liquid boiling at 216° and 
decomposing very readily on addition of water. 

isoButyl arsenite is a deep yellow, mobile liquid of specific gravity 
1069; it decomposes rapidly in presence of water into isobutyl 
alcohol and arsenious oxide ; under 760 mm. pressure it decomposes 
at 242°, and boils at 157° under 30 mm. pressure. 

isoAmyl arsenite is a yellow liquid of specific gravity 1-050 ; it boils 
at 185° under 30 mm. pressure, and under atmospheric pressure it 
decomposes at 284°; in the presence of water, it decomposes into 
isoamy! alcohol and arsenious oxide. 

Heating with Soxhlet Attachment and Anhydrous Copper Sulphate.— 
To eliminate the water as it is formed and so increase the yield of 
ester, the conditions of the experiments were modified. One hundred 
and sixty grams of isoamyl alcohol were added to 70 grams of 


* Auger determined the amount of arsenic in the cooled liquid obtained (a mixture 
of the ester and alcohol) by means of iodine. The difference between this and the 
amount of arsenious oxide that would dissolve in the same quantity of alcohol in the 
cold was taken as representing the amount of ester formed (Compt. rend., 1906, 148, 
*08). No account was taken of the solubility of arsenious oxide in the esters 
themselves, 
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arsenicus oxide in a 300 c.c, flask. An ordinary Soxhlet tube wa; 
connected with the flask, and a condenser, fitted with a calcium chloride coppet 


tube, was attached to the Soxhlet, which contained a large filter pape om 
filled with anhydrous copper sulphate. The liquid in the flask was than ¢ 
heated to boiling, and the water formed was absorbed by the sulpha 
anhydrous copper sulphate, which turned blue as soon as the first drops the alc 
of condensed liquid fell on it. Heating was stopped after forty-tiyg Ifa su 
minutes, when small rings of a compound of high boiling point began and at 
to form on the sides of the flask ; after cooling, the clear product was doubt! 
filtered and fractionated under diminished pressure. 110°25 grams of 143, 
ester were obtained, being a yield of 58°6 per cent. as compared with obtain 
13:22 per cent. obtained without the use of a dehydrating agent. phate | 
In similar experiments with isobutyl and propyl alcohols, yields of using 
56°25 per cent. and 56°75 per cent. respectively were obtained, as : wa 
of es 


compared with 11°09 and 8°79 per cent. when no dehydrating agent 


was employed. 
Use of Dehydrating Agent in the Cold.—The esterification of thes Ester: 


three alcohols by arsenious oxide can be carried out even in the cold For 
if a dehydrating agent is used; 120 grams of the alcohol wer aie 
shaken in a stoppered bottle at room temperature with 60 grams of ere 
arsenious oxide and 70 grams of anhydrous copper sulphate for thre Soxhlet 
days. The following yields were obtained: isoamy] arsenite, 17:2 per icin 
cent. ; isvbutyl arsenite, 15°8 per cent.; propyl arsenite, 14°8 per Phen 
cent. : a (140 g 
The following table indicates the comparative yields (per cent.) by heated 
different methods : 
; that th 
With anhydrous copper sulphate: ma 
Auger (in Reflux c ~ boiling 
Ester. sealed tube). condenser. in Soxhlet. in the cold. meter g 
Methyl ......ccceeee 65 i 33°8* - 
| Pea 1°2 - 4°5* - formed 
I sikcecinngascexsngile 2°62 8°79 56°75 14°8 constan 
NY, ivnnsccavexkapanes 0°25 11°09 56°25 158 
Trimethylcarbinol ...... -- _- 54°27 — aye 
BE dint tetucnte 1:00 ws 54°00 ws or abo 
SONNE. 56 in jnectsesaece 0°63 13°22 58°62 172 stopped 
* The Soxhlet was not used, but the anhydrous copper sulphate was placed with to cool. 
the alcohol and arsenious oxide in a flask fitted with a reflux condenser. oxide, tl 
benzene, 


A probable explanation of the low yield in the case of the ethyl 7 4, aie 
arsenite lies in the fact that ethyl alcohol itself has a strong affinity HH th, oto, 
for water which, for small quantities of water present, cannot be over HB at oo 5 
come by the anhydrous copper sulphate. This is readily shown by redistill 
adding a drop of water to 5 c.c. of ethyl alcohol in which a little Phenyl a 
anhydrous copper sulphate has been placed. The copper sulphate ® I of j.59 
apparently not affected, whilst in the case of the higher alcohols 4 3 fay 
blue colour appears almost instantly, showing the hydration of the acetate, 
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copper sulphate. Methyl! alcohol does not respond to this test 
as readily as do the higher alcohols, but it responds more readily 
than does ethyl alcohol. The yield in each case, using the copper 
sulphate, probably bears a direct relation to the respective affinities of 
the alcohol and of the copper sulphate for the water of the reaction. 
If a substance could be used which had a greater dehydrating power 
and at the same time was insoluble in alcohol, a higher yield would 
doubtless be obtained. Calcium carbide (Auger, Compt. rend., 1906, 
143, 908) is not such a material: we have compared the yields 
obtained by replacing the anhydrous copper sul- 
phate in the Soxhlet with fresh calcium carbide, 
using various alcohols, and the highest yield was 
in the case of tsoamyl alcohol where 40:2 per cent. 
of ester was obtained after two hours’ heating. 


Esters obtained with Phenol and its Homologues. 


For the esterification of these with arsenious 
oxide a side-necked flask was used the neck of 
which was bent upwards and attached to the 
Soxhlet, leaving the mouth of the flask free to 
receive a thermometer (see figure). 

Phenyl Arsenite.— Weighed quantities of phenol 
(140 grams) and arsenious oxide (80 grams) were 
heated together, and in all cases it was observed 
that the reaction began at 100°, the mixture 
boiling violently at that temperature. The thermo- 
meter gradually rose to 133°, when a thick cloud 
formed in the flask. The temperature remained 
constant at that point for a few minutes and then 
gradually rose to a maximum, where it was kept 
for about five minutes: the heating was then 
stopped and the contents of the flask allowed 
tocool. The mixture of phenol, ester, and arsenious 
oxide, the latter of which is very soluble in the ester, was shaken with 
benzene, causing the precipitation of the arsenious oxide dissolved in 
the ester. The mixture was then filtered and the benzene solution of 
the ester fractionated under diminished pressure. The benzene distilled 
at 20°, the phenol at 69°, and the ester at 305°. The ester, purified by 
redistillation, weighed 105 grams, representing a yield of 60 per cent. 
Phenyl arsenite is a deep yellow, viscous liquid with a specific gravity 
of 159; it freezes at 31°, and boils at 305° under a ‘pressure of 
0 mm. It dissolves readily in methyl ,alcohol, benzene,} ethyl 
acetate, or chloroform, and decomposes on addition of water,jbut_not 
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so readily as the fatty arsenites. It was found on analysis t, 
correspond with the formula (C,H,O),As, or (C,;H,),AsO,. 

o-, m-, and p-Tolyl Arsenites.—One hundred grams of each of the 
cresols were heated with arsenious oxide for thirty minutes in th 
apparatus previously described, the arsenious oxide being separated by 
benzene. The liquid was then fractionated, and the esters, afte 
having been purified and analysed as in the case of the pheny| 
arsenite, were found to correspond with the formule (C,;H,Me),As, o: 
(C,H,Me),AsO,. 

Naphthyl Arsenite—One hundred grams of naphthol were heated 
with 39 grams of arsenious oxide for thirty minutes and the 
arsenious oxide in the ester separated by means of benzene. As yet, 
however, the pure ester has not been isolated. 

Benzyl Arsenite.—One hundred grams of benzyl alcohol were heated 
with 35 grams of arsenious oxide for thirty minutes. The maximum 
temperature was 240°. The clear liquid was decanted and 75 cc. of 
benzene added, the arsenious oxide collected, and the filtrate fractionated 
under 30 mm. pressure. The benzyl arsenite distilled at 285°, 
suffering partial decomposition. Although in the case of the fatty 
alcohols a drying agent in the Soxhlet was essential to absorb the 
water formed and to allow only the alcohols themselves to drop into 
the mixture, no such device was necessary with the phenols, as 
practically no phenol or ester ever found its way further than the 
side tube of the Soxhlet. The water formed remained in this 
apparatus, there being never sufficient volume of liquid produced to 
cause the syphon attachment to come into play. 

To ascertain if it was possible to obtain these esters without the 
removal of the water formed during the reaction, the same quantities 
of phenol, benzyl alcohol, o-, m-, and p-cresol respectively, as were used 
in the previous experiments, were heated with arsenious oxide in 4 
flask fitted with a reflux condenser only, but in no case was any 
arsenite formed in quantities sufficient to enable it to be isolated. 

Method of Analysis for Esters of Phenol and its Homologues.—lo 
determine the composition of the esters, it was found necessary to 
distil them several times in order to remove all traces of arsenious 
oxide which is readily soluble in them, in some cases to the extent of 
30 per cent. About 3 grams of the ester were decomposed by 
5 ¢c.c, of water and 10 ¢.c. of potassium hydroxide (containing 700 
grams of potassium hydroxide per litre), and the whole diluted to 
500 c.c. Two samples of 10 c.c. each were taken for analysis ; to one 
sample standard iodine was added in excess, shown by the forms- 
tion of a precipitate of tri-iodophenol and the appearance of a clear 
yellow_solution, the temperature being kept at 65°. The mixture was 
then cooled, acidified with sulphuric acid, and diluted to 500 c.. with 
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water. The excess of iodine in 100 c.c. of this was titrated against 
standard thiosulphate, using starch as indicator. The quantity of 
thiosulphate necessary, multiplied by five, represents the quantity of 
jodine used. This quantity, subtracted from the original amount of 
jodine added. gave the amount necessary to change both the phenol 
to tri-idophenol and the arsenious oxide to arsenic oxide. To 
determine the quantity of arsenious oxide present in the ester, 
an excess of standard potassium dichromate was added to the second 
sample and this excess was determined with standard ferrous sul- 
phate. The ratio between the dichromate and iodine being known, 
the number of c.c. of iodine equivalent to the amount of dichromate 
used was found and subtracted from the total iodine obtained in the 
previous determination, the difference being the amount combined 
with the phenol. From these data the relative quantities of arsenious 
oxide and phenol, formed by decomposing the ester, were obtained, and 
the composition of the ester thus determined. 

To test the accuracy of this method, estimations were made with 
weighed quantities of (a) phenol, (5) arsenious oxide, (c) a mixture of 
these. 

(a) To 08826 gram of phenol, 5 c.c. of potassium hydroxide (700 
grams per litre) were added and the whole diluted to 250 cc. . .(1) 
Ten c.c. of this solution were found to be equivalent to 25°75 c.c. of 
standard iodine. 

(b) To 05 gram of arsenious oxide, 5 c.c. of the same potassium 
hydroxide were added and diluted to 250 cc... .....4 +4. (2) 
Ten c.c. of this solution were found to be equivalent to 6°5 c.c. of 
standard iodine. 

(c) To 10 c.c. of solution (1), 10 ¢.c. of solution (2) were added and 
found to require 32°30 c.c. of standard iodine, 

Thus 10 ¢.c. of solution (1) required 25°75 c.c. of iodine, and 10 c.c. 
of solution (2) required 6°50 c.c. of iodine ; in all 32°25 c.c. as compared 
with 32°30 ¢.c. when mixed, a difference which is well within the 
limits of experimental error. 

In order to see if arsenious oxide can be determined accurately in 
the presence of phenol by means of dichromate, experiments similar to 
those made with iodine were carried out with it. Ten c.c. of solution 
(2) required 6°07 c.c. of dichromate, a mixture of 10 c.c. of (2) with 
10 c.c. of (1) required 6-09 c.c. of dichromate, or an error of less than 
03 per cent, 
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Properties of the Arsenites prepared from Phenol and its Homologuss, 


Phenyl Benzyl o-Tolyl m-Tolyl  p-Toly) 
arsenite. arsenite. arsenite, arsenite. arsenite, 
Yield (per cent.) 


(a) with Soxhlet ............ 60 100 96 94 95 

(b) without Soxhlet ...... nil nil nil nil nil 
Specific gravity ...............00 1°59 1°43 — 1°45 1°46 
Refractive index® ............... — 1°572 —_ a 
Boiling point t under 30 mm.. 305° 255° -- 346° _ 
Freezing point................0000 -- 31° — 36° -- — ms 
SRE Sbaabistasesetaaitannnctots yellow blue dark brown dark brown brown 


* The blanks indicate that the refractive index is greater than 1°62098, the limit 
of the prism used. 


+ Where the boiling point is not given it is above 360°. 

All these esters are soluble in methyl and ethyl alcohols, ether, 
benzene, ethyl acetate, or chloroform, and are decomposed at once by 
water. 

This method of esterification is being carried out with arsenious 
oxide and the dihydrie and trihydric phenols, but the quantitative 
results are not yet ready. A successful attempt has also been made 
to form similar esters with hydroxy-acids, methyl] salicylate being 
heated with arsenious oxide. The products of the reaction, namely, 
water and an oil, were driven up into the Soxhlet where the latter 
decomposed, liberating arsenious oxide. The oil boils at about the 
same temperature as the methyl salicylate and has an almost 
unbearable odour. When the dehydrating agent is used in the 
Soxhlet it is expected the new ester will readily be separated. 

Experiments have also been tried with arsenious sulphide in place of 
the oxide and a small yield of an ester obtained, presumably of the 
composition R,AsS,, but the upper portions of the flask and the con- 
denser became coated with the orange-coloured arsenious sulphide, show- 
ing that decomposition had occurred. The work is being continued. 
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CXXXI.— Benzeneazo-2-pyridone. 


By Witt1am Hopson Mitts and Srsyi T. Wippows. 


Tue 3-substituted derivatives of pyridine show a far-reaching 
analogy to the corresponding compounds of benzene. This is, how- 
ever, not the case with the 2-derivatives; in these the substituent 
radicle appears to become deprived, in many respects, of its aromatic 
character through the closer influence of the nitrogen. 
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This is especially noticeable in the case of 2-aminopyridine, which, 
unlike the 3-derivative, is incapable of yielding diazo-solutions in the 
ysual manner (Marckwald, Ber., 1894, 27,1318). 2-Chloropyridine, 
again, shows little of the chemical indifference characteristic of chloro- 
penzene (Friedlinder and Ostermaier, Ber., 1882, 15, 335), the chlorine 
atom being readily eliminated under the influence of hydriodic acid, 
adium ethoxide, ammonia, amines, &c. Finally, 2-pyridone differs in 
many respects from phenol, giving, for instance, neither a phenolic 
wloration with ferric chloride (v. Pechmann and Baltzer, Ber., 1891, 
94, 3146), a nitroso-derivative, nor Lieberman’s phenol reaction 
y. Pechmann and Baltzer, loc. cit.), and being also incapable of 
acetylation. 

It was therefore of some interest to us to find that, in spite of such 
facts, when an alkaline solution of 2-pyridone is brought together with 
benzgnediazonium chloride, coupling takes place with the formation of 
a product which we have been able to show is 5-benzeneazo-2-pyri- 
done (I) 


/™~ 
PHN, PhN./ 
0 . Jon 
‘Ve y 
(I.) (II.) 


or the tautomeric hydroxylic form (II)]. 

The coupling, however, takes place with much smaller velocity than 
is the case with phenol, and in spite of the formal analogy there is 
little resemblance in external features between this reaction and the 
coupling of phenol. There is no rapid precipitation of the dyestuff, 
although the reaction is carried out in presence of a minimum of 
alkali, and the velocity of coupling being little greater than that of 
the spontaneous decomposition of the alkaline diazo-solution, the 
nee of the bisbenzeneazophenol, c., together with tarry matter 
proceeding from this decomposition, renders the purification of the 
roduct difficult and considerably affects the yield. 

As with phenols of the benzene series, excess of alkali retards 
upling, and the presence of even traces of acid prevents it alto- 
gether, 

i-Benzeneazo-2-pyridone is a bright yellow substance, and is thus 
uh paler in colour than benzeneazophenol. It dissolves in sodium 
jitoxide, forming a sodium salt sparingly soluble in excess of the 
«ali, and acts as a weak dye. 

Vith regard to its constitution, although it appeared most probable 
tthe benzeneazo-complex would enter the para-position relatively to 
*hydroxyl group, this could scarcely be taken for granted. In view 
the exceptional character of 2-pyridone, it might be regarded as not 
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altogether impossible that, as is the case with the pyrazolones aj hydr 
the aliphatic enolic substances, the benzeneazo-complex should becom, J in ¢ 
attached to the carbon atom adjacent to that attached to ¢,—% point 
oxygen. 

The proof that the product, however, actually has the constitutig JM redu 
assigned to it was obtained by showing its identity with the substan, [Mm pres¢ 
resulting from the substitution of a benzeneazo-group for carboxy] jy benz 
6-hydroxynicotinic acid (III) (Kénigs and Geigy, Ber., 1883, 16, 2153. benz 


v. Pechmann and Welsh, Ber., 1884, 17, 2391). by m 
, comp 

cO,H’ \ NH,"CO/ NH» Wi 

, F aes a en comp 

N N N of be 

III.) (IV.) (V.) conta 


The transformation was effected by the following series of reaction MM diffict 
The acid was first converted as described by v. Pechmann and Wada the re 
(loc. cit.) into 6-chloronicotinic chloride, and this, on treatment with— 4 by¢ 
ammonia in benzene solution, gave rise to the corresponding amid fortu 
(IV). (The object of this replacement of the hydroxyl group yg was | 
chlorine was to give the molecule the requisite stability to withstanij™ mann 
the oxidising influences to which it was to be subjected in the tm Thi 
following reactions.) The chloroamide was next converted by sodium carbo: 
hypobromite into 2-chloro-5-aminopyridine (V), which crystalliss/™™ group 
readily, and, like 3-aminopyridine, yields normal diazo-solutions. Thig on acc 
chloro-base was then treated with nitrosobenzene in glacial acetic aij partic 
solution and thereby transformed into 2-chloro-5. benzeneazopyridin, The 

With the aid of this substance it was possible doubly to establish they into t 
constitution of the hydroxyazo-compound. For on the one hand a nitrou 
identical chloroazo-compound was obtained by replacing the hydrory- CO 
group by chlorine by means of phosphorous pentachloride, and on th | 
other hand, the reverse reaction, namely, the replacement of th 
chlorine in this substance by hydroxyl by treatment with sodium — 
methoxide, gave rise toa hydroxyazo-compound identical in all respect th P 
with that derived from the coupling of benzenediazonium chloride wit re oe 
alkaline 2-pyridone. a 

The behaviour of an alkaline solution of 3-hydroxypyridine towanés om 
benzenediazonium chloride has also been examined. In this a% = 
coupling takes place with much greater rapidity. It is, however, the * 
associated with the production of much tarry matter, and the yield thse 


leaves much to be desired. Benzeneazo-3-hydroxypyridine is a substan b 

of reddish-brown colour, very different from the bright yellow of the “tt : 

2-hydroxy-compound. Indeed, the difference in colour is so mar an 

as at first sight to seem to afford evidence that the two substances diffe cs =n 
ed w; 


in type, that the latter is a pyridone (formula I, p. 1373) and nots 


MILLS AND WIDDOWS: BENZENEAZO-2-PYRIDONE. 1375 


hydroxy-compound ; since, however, its sodium salt is similarly pale 
in colour, it would appear that little stress is to be laid on this 
int. 

We have also studied the behaviour of 5-benzeneazo-2-pyridone on 
reduction, since it seemed a question of some interest whether the 
presence of a hydroxyl-group in the para-position with respect to a 
benzeneazo-complex would, in a pyridine compound, as in the case of 
benzene and naphthalene derivatives, lead to the fission of the latter 
by mild reducing agents which otherwise give rise only to a hydrazo- 
compound. 

When treated with sodium hyposulphite, the colour of the azo- 
compound is discharged (although not quite so rapidly as in the case 
of benzeneazophenol under the same conditions), and the solution then 
contains aniline and 5-amino-2-pyridone, and, although experimental 
difficulties prevented the determination of how nearly quantitatively 
the reaction proceeds, we have found no indication of the presence of 
a hydrazo-compound. The properties of the aminopyridone were un- 
fortunately such as to render its extraction a matter of difficulty, and it 
was found desirable first to effect its preparation in some other 
manner. 

This was partly accomplished in two ways. In the first, the 
carboxyl group in hydroxynicotinic acid was replaced by the amino- 
group according to Curtius’s method (Ber., 1894, 27, 778), which, 
on account of the oxidisability of the product, seemed in this case 
particularly applicable. 

The ester of the acid was converted by means of hydrazine hydrate 


into the hydrazide, which was then transformed into the azide by 
nitrous acid. 


00,E1/ ‘ N HCO \ Ysy-co-/ i, 
— \ i 
= > \ 2 = \ On 
Ny N N 


On boiling with water, the azide undergoes the transformation into 
the corresponding substituted carbamide, a reaction which Curtius 
(loc, cit.) has shown to be characteristic of this class of compounds. 

Finally, this carbamide, on hydrolysis with concentrated hydrochloric 
acid under pressure, gives rise to 5-amino-2-pyridone hydrochloride. 
The alternative method of formation of the base consisted in replacing 
the chlorine in 2-chloro-5-amino-pyridine (V, p. 1374) by hydroxy). 
This was readily effected by sodium methoxide, the reaction resulting 
here, asin the case of the chloroazo-compound, in a direct substitu- 
tion of chlorine by hydroxyl, the methoxy-derivative not appearing.* 


* This action of sodium methoxide is somewhat remarkable, and is possibly con- 
nected with the interesting transformations of 2- and 4-methoxypyridines (Haitinger 


o 
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It is noteworthy, however, that the chlorine in this chloroaminopyyi. 
dine is distinctly less reactive than that in the chloroazo-compound, 
Whereas the latter reacts practically quantitatively with sodium meth. 
oxide at 100°, the former remains almost unaltered under these condj. 
tions, and is only readily attacked at a temperature some 20—3% 
higher. This is apparently analogous to the fact observed by Marckwalj 
(Ber., 1894, 2'7, 1317), that the presence of a negative (carboxy]) group but 


in the 3-position in a pyridine derivative facilitates the replacement dine 
of an ortho- or para-chlorine atom by ammonia, the benzeneazo-group forme 
being known to have the character of a negative substituent (Hantzseh (I) se 
and Farmer, Ber., 1899, 32, 3093, 3095; Farmer, Trans., 1901, 79, Th 
870). behav 

By these methods, the hydrochloride of the aminopyridone js benza 
obtained as a syrup crystallising after a short interval. Analysis, suppo 
however, showed it to be impure, and no satisfactory means of rm pyrid 
erystallising it was discovered, On liberating the base with sodium remov 


hydrogen carbonate, a solution was obtained possessing strong reducing 
powers, and very rapidly darkening in the air, from which little 
crystallisable could be extracted. 

As it became clear that the isolation of the pure base would requir 


the expenditure of a considerable amount of material, we desisted from As 
further attempts, especially as the possession of the base itself was not norma 
essential to the end we had in view. Lpyric 
On shaking the crude substance obtained by either method with -sodiun 
benzoyl chloride in sodium hydrogen carbonate or in dilute alkaline The 
solution, a white crystalline benzoylaminopyridyl benzoate is formed; the sar 
and when the solution obtained by reduction of the hydroxyaz- observ 
compound is rendered alkaline, and similarly treated with benzoyl make 
chloride (after having been freed as far as possible from aniline), this the lig 
same benzoyl derivative is precipitated. acid, v 
and Lieben, Monatsh., 1885, 6, 322; H. Meyer, Monatsh., 1907, 28, 33). Tw fa Alter 
sodium methoxide employed was prepared from anhydrous methyl alcohol, and repreci 
although, no doubt, traces of water were absorbed during the subsequent manipuli- lisatior 
tion, the minute proportion of sodium hydroxide thereby produced can hardly be bright 
the cause of the production of the hydroxy- in place of the methoxy-derivative, pee 
seeing that, in the analogous case of 2-chloroquinoline-3-carboxylic acid, the replace- Hy 
ment of chlorine by ethoxyl can be brought about by boiling with alcoholic potash the 1 
(Friedlander and Géhring, Ber., 1884, 17, 460). Temperature plays an important the we 
part in determining the course of the reaction : we find that when 2-chloroquinoline- the pur 
3-carboxylic acid is treated with sodium methoxide at 100°, there is produced, * The 
described by H. Meyer (Monatsh., 1907, 28, 47), the methoxy-acid, together with a Shines 
trace of the hydroxy-acid, but if the reaction is carried out at 130—140°, the latter ' This 
is the sole product. Moreover, the observation of H. Meyer (Joc. cit.) that 2-methoxy- this subs 
pyridine-5-carboxylic acid gives rise to the hydroxy-acid on heating to 260° is als This 


ote oe co a . 
noteworthy in this connexion. mann an 
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As regards its constitution, we have not failed to consider the 
possibility of the pyridone formula (IT) : 


BzHN( BaHN/ 
\ es A F 
N NBz 
(I.) (II.) 
but since the same compound is formed on benzoylation in pyri- 
dine solution (under which conditions QO-derivatives are preferably 
formed, Auwers, Ber., 1904, 3'7, 3899 *), the alternative formulation 
(I) seems the more probable. 
The fact that on treatment with alkalis the second benzoyl group 
behaves like that in phenyl benzoate, and differs from that in 
benzanilide in being comparatively readily eliminated, seems also to 
support this view; it is possible, however, that the presence of the 
pyridone oxygen in a compound of formula II might facilitate the 
removal of the adjacent V-benzoy!l group. 


EXPERIMENTAL. 
5-Benzeneazo-2-pyridone, + C,;H,*N,°C,H,ON. 


A solution of benzenediazonium chloride is exactly neutralised with 
normal sodium hydroxide, and added to a molecular proportion of 
2-pyridone t dissolved in the equivalent volume of ice-cold normal 
sodium hydroxide. 

The mixture becomes pale yellowish-brown, and slowly darkens ; at 
the same time a slight turbidity and gas evolution, such as are always 
observed when an alkaline diazo-solution is allowed to stand, gradually 
make their appearance. After remaining for ten minutes at 0°, 
the liquid is filtered and the clear filtrate acidified with dilute acetic 
acid, when the pale yellow, flocculent azo-compound is precipitated. 
After a short time this is collected, dissolved in dilute alkali, 
reprecipitated by carbon dioxide and dried. After several recrystal- 
lisations from toluene, the pure substance separates in long, fine 
bright yellow needles melting at 210—-212°. In this way, from 
2 grams of 2-pyridone about 1 gram of the crude product is obtained. 
If the mixture is allowed to stand for a longer time before acidification, 
the weight of crude material is greater, but the loss entailed in 
the purification is then heavier and the yield of pure product less : 

* These results may probably be taken to hold good also in the case of tautomeric 
substances, 

+ This nomenclature is employed for convenience only. The question whether 
this substance is a pyridone or a hydroxypyridine derivative is left quite open. 

+ This was prepared by distilling hydroxynicotinic acid in a vacuum (v. Pech- 
main and Baltzer, Ber., 1891, 24, 3145). 


i 
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01132 gave 0°2731 CO, and 0°0482 H,O. C=65°3; H=4:7, 

071341 ,, 03288 CO, ,, 00568 H,O. C=66°3; H=4-7, 

01462 ,, 273 cc. N, at 185° and 742mm. N=21°0. 
C,,H,ON, requires C=66°3 ; H=4'5 ; N=21'l per cent. 

Coupling does not appear to take place except in the presence of 
free alkali. ‘The pyridone and diazonium salt seem quite indifferent 
to one another in the presence of sodium acetate or sodium hydrogen 
carbonate. Further, the retarding effect of excess of alkali, investi. 
gated by Goldschmidt and his pupils (Ber., 1897, 30, 670; Ber., 1900, 
33, 893) as regards the phenols of the benzene and naphthalene series, 
is also apparent in this case, the yield of hydroxyazo-compound 
being less in the presence of a greater quantity of sodium hydroxide, 

5-Benzeneazo-2-pyridone is sparingly soluble in water or ether, 
moderately so in chloroform, acetone, or benzene, and readily so in 
alcohol and glacial acetic acid. It is best recrystallised from toluene. 
Its solution in concentrated hydrochloric acid is a deep reddish-orange, 
When added to a 12 per cent. solution of sodium hydroxide, it partly 
dissolves, forming a zone of coloured solution in which in a few 
minutes an abundant crystallisation of the sparingly soluble yellow 
sodium salt occurs. 

5-Benzeneazo-2-pyridone dyes wool a pale yellow colour which is 
distinctly weaker than that produced by an equivalent quantity of 
benzeneazophenol. 

An experiment was made to see whether the same product would be 
formed by the action of diazo solutions on hydroxynicotinic acid with 
replacement of the carboxyl group in analogy to the formation of 
benzeneazophenol from p-hydroxybenzoic acid. The reaction was 
found to take place very slowly, and after the mixture had remained 
overnight in an ice-chest, only a small amount of a substance was 
obtained, which, however, after three recrystallisations from toluene, 
melted at 208—210°, and was therefore presumably the benzeneazo- 
pyridone, although still in a somewhat impure condition. 


Benzeneazo-3-hydroxypyridine, C,H,*N,°C,H,N°OH. 


A solution of benzenediazonium chloride is added to a dilute ice-cold 
solution of the hydroxypyridine in so much sodium hydroxide as to 
leave in the solution after mixture an amount of alkali equivalent to 
the hydroxypyridine. The azo-compound is precipitated at once, 
accompanied by much yellowish-brown, tarry matter. After ten 
minutes this is filtered off, and a further quantity is obtained by 
acidifying the filtrate with acetic acid. 

The tarry product is freed from oily matter by drying on a porous 
tile, and is then crystallised repeatedly from toluene, and, finally, 
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from dilute alcohol, from which it separates in reddish-brown plates 
melting at 167—169° : 

01448 gave 0°3504 CO, and 0°0632 H,O. C=66; H=4°8. 

01561 ,, 268cc. N, at 10° and 769 mm. N=20°8. 

C,,H,ON, requires C=66°3; H=4%5; N=21°1 per cent. 

The substance is readily soluble in ether or alcohol, but sparingly so 
in toluene or chloroform. Its solution in sodium hydroxide is deep 
reddish-brown. 


Synthesis of 5- Benzeneazo-2-pyridone. 
6-Chloronicotinamide, NH,*CO:C,H,NCI. 


Well dried hydroxynicotinic acid is moistened with freshly distilled 
phosphoryl] chloride and heated in an oil-bath to 100°. Three parts 
of phosphorus pentachloride are gradually added, and the temperature 
then allowed to rise during ten minutes to 120°. The phosphoryl 
chloride is distilled in a vacuum, the gummy residue of chloronicotinic 
chloride dissolved in benzene, and dry ammonia led into the well- 
cooled solution for from one-half to three-quarters of an hour. A 
white solid separates consisting of a mixture of the amide with 
ammonium chloride. It is collected, and the ammonium chloride 
removed by a single crystallisation from water, from which the 
amide separates in long white needles melting at 210—211°. The 
yield is nearly quantitative : 

01327 gave 0°1225 AgCl. Cl=22°8. 

C;H,ON,Cl requires Ci = 22-7 per cent. 


2-Chloro-5-aminopyridine, NH,*C,H,NCI. 


Five grams of chloronicotinamide are finely powdered and dissolved 
ua hypobromite solution prepared from 5 grams of bromine and a 
lution of 26°7 grams of potassium hydroxide in 480 grams of water. 
fter shaking the mixture for an hour, it is heated at 70° until the 
ypobromite has disappeared (as shown by the fact that no bromine 
liberated on acidification with acetic acid). The solution is then 
led, acidified with acetic acid, rendered alkaline,* and extracted at 
east nine or ten times with ether. ‘The ethereal solution leaves on 
vaporation a brown, crystalline mass, which is best purified by 
rystallisation from hot water, followed by several recrystallisations 
tam toluene. It melts at 82—83°5°. The yield isabout 50 per cent. 
{the theoretical : 


* Without this previous acidification, no amine is obtained on extraction with 
tt. If the hypobromite solution is acidified before heating to 70°, a crystalline 
tstance, not further examined, but presumably the bromoamide, separates. 


a 
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0°1143 gave 21:5 c.c. N, at 18° and 753 mm. N=21°5, 
01001 ,, O1116 AgCl. Cl=27°56. 

C,H,N,Cl requires N = 21°8 ; Cl= 27°62 per cent. 
2-Chloro-5-aminopyridine dissolves very readily in alcohol or ethe; 


It is only moderately soluble in cold water or benzene. It crystal. : ; 
lises well from toluene or xylene. A solution of the base in dilys T 
hydrochloric acid treated with nitrous acid gave a diazo-solutig, sulp 
which coupled with an alkaline solution of -naphthol, forming a yj oil 
azo-dye. a 
2-Chloro-5-benzeneazopyridine, C,H,*N,*C,H,NCI. eryst 
2-Chloro-5-aminopyridine is dissolved in a little glacial acetic agij ae 
and added to a nearly saturated solution of nitrosobenzene in the says ne 
solvent. The vessel containing the mixture is allowed to stand fy habit 
twelve to twenty-four hours in cold water, when a mass of crystak Final 
will have separated. From the mother liquor a second less pure exp «4.1, 


can be obtained by the cautious addition of water. Three gram; ¢ 
the base gave about 2°6 grams of the condensation product. Tk 
substance was purified by several crystallisations from alcohol, frm 
which it separates in small, flattened, orange-coloured prisms meltitg 
at 108—109° : 

01268 gave 218 c.c. N, at 165° and 746mm. N=19°6. 

01202 ,, 0°0806 AgCl. Cl=16°57. 

C,,H,N,Cl requires N =19°3 ; Cl= 16°32 per cent. 

2-Chloro-5-benzeneazopyridine is volatile in steam, and has a char 
teristic sweet odour. It is sparingly soluble in cold water, ether, all 
alcohol or acetone, but readily so in hot water or benzene. 


Preparation of 2-chloro-5-benzeneazopyridine from Benzeneazo-1- 
pyridone. 


Benzeneazo-2-pyridone is moistened with freshly distilled phosphon 
chloride, heated in an oil-bath at 115°, and an equal weight 
phosphorus pentachloride gradually added. After ten min 
further heating, the phosphoryl chloride is distilled in a vacu 
and the residue purified by crystallisation from alcohol. It 
in appearance, odour and solubility with the substance obtained { 
chloroaminopyridine and nitrosobenzene. It melted at 108—10%, 
the mixture of the two products melted sharply at this tempe 
They are therefore identical. 
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Conversion of 2-Chloro-5-benzeneazopyridine into 5-benzeneazo-2-pyridone. 


9.Chloro-5-benzeneazopyridine was heated with a 10 per cent. solution 
of sodium in anhydrous methyl alcohol for twenty-four hours or more 
in sealed tubes in a boiling-water bath. 

The excess of sodium methoxide was then neutralised with dilute 
sulphuric acid, the sodium sulphate filtered off, the aleohol evaporated 
and the product extracted from the neutralised residue with ether, 
in which, however, it is not very soluble. The ethereal residue was 
crystallised from toluene, and there was thus obtained a bright yellow 
crystalline substance melting at the same temperature (210—212°) 
as the product of coupling 2-pyridone with benzenediazonium chloride, 
and agreeing with it in all other respects—in colour, crystalline 
habit, behaviour towards solvents and towards sodium hydroxide. 
Finally, the melting point of the mixture (210—212°) definitely 


Ct) HS established the identity of the two products. 
ms f 
The . . ; 
‘ta Synthesis of 5-amino-2-pyridone. 


Lthyl hydroxynicotinate, CO,Et’C,H,N:OH, is readily prepared 
by heating a solution of the acid in twenty parts of absolute 
alcohol for six hours in a stream of hydrogen chloride under 
a reflux condenser. The alcohol is evaporated under reduced 
pressure, and the residue neutralised with sodium hydrogen 
carbonate, when the ester is obtained as a white, crystalline substance 
which, when crystallised several times from hot water, separates in 
lustrous white needles melting at 149—150°. The yield is about 
1) per cent. of the theoretical : 

01754 gave 12°8 c.c. N, at 18° and 752 mm. N=8°34. 
C,H,O,N requires N = 8°38 per cent. 


Hydroxynicotinic hydrazide, NH,*NH-CO-C,H,N-OH.—Ethyl hydr- 

xynicotinate is mixed with enough’ 50 per cent. solution of hydrazine 
ydrate to moisten it thoroughly, and heated on a water-bath ; after a 
ew minutes a clear solution is formed from which, on continued heat- 
g, the hydrazide separates as a white solid. After about twenty 
inutes’ heating the mixture is cooled, the product collected, washed 
ith a little cold alcohol, and then crystallised a few times from boil- 
g alcohol, in which it is rather sparingly soluble. It is readily 
luble in water or glacial acetic acid, but sparingly so in the other 
muon organic solvents. Its aqueous solution gives a yellow 
oration with ferric chloride, and reduces Fehling’s solution on 
ting. The substance has no definite melting point. It remains 
VOL. XCHI, 4 ¥ 
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white up to 288°, begins to darken above this point, and is completely I of a 
melted at 310°: The 
0°1934 gave 43°4 c.c. N, at 7° and 766 mm, N= 27-44. with 
C,H,0,N, requires N = 27°45 per cent, preci 
Hydroxynicotinic azide, N,*CO*C;,NH,°OH.—The hydrazide j, H hydr 
dissolved together with a molecular proportion of sodium nitrite jin , J that 
12 per cent. solution of sodium hydroxide, and the mixture added dr Sit 
by drop to the equivalent quantity of ice-cold dilute hydrochloric ac, i founc 
The azide separates during the operation as a white solid. It jy & its pr 
collected, dried, and crystallised from benzene. to ist 
When freshly prepared it is white, but turns pink in the vacuuy mater 
desiccator, and gave a somewhat low result on analysis. was 
It melts and decomposes at 139—140° : derive 
00826 gave 23-0 cc, N, at 12°3° and 768 mm. N=33°36, If 
C,H,O,N, requires N = 34:15 per cent. in sod 
Bishydroxypyridylearbamide, CO(NH-C,;NH,°OH),.—On _ boiling wish ¢ 
hydroxynicotinic azide with water, nitrogen is evolved, and the solution after 
gradually becomes deep red. The gas evolution ceases after abut ae 
three-quarters of an hour. The liquid is then cooled and tk cupp 
carbamide crystallises out. Even after repeated crystallisation fr ips 
water, the substance retains traces of pink colouring matter. | format 
begins to darken at about 270°, and finally decomposes at about 30%; 0-14: 
0-0627 gave 12-0 c.c. N, at 16° and 758 mm. N =22°3. 013s 
C,,H,O,N, requires N = 22-8 per cent. ( 
The substance is readily soluble in methyl and ethyl alcohols or hi The : 
water, but sparingly so in the other common solvents. pyridon 


On boiling the azide with absolute alcohol for half an hour, aap 
talline substance was obtained which, after four crystallisations {nm 
acetone, melted at 219—222°. This was doubtless the uretla 
CO,Et:-NH-C,NH,°OH, but since it appeared even less easy to pur 
than the carbamide it was not further investigated. 

5-amino-2-pyridone, NH,*C;H,ON.—The crude hydrochlorite 
this base may be obtained either by hydrolysis of the carbamide 
described or from 2-chloro-5-aminopyridine. The carbamide is 
in a sealed tube with concentrated hydrochloric acid to 125° for 4 
hours. After opening the tube (in which the presence of 
dioxide can be readily demonstrated) the solution is concentrated, 
the crude hydrochloride is obtained as a reddish syrup which, 
standing in a desiccator, sets to a crystalline mass. 

The same substance is obtained from 2-chloro-5-aminopyridine 
heating it to 120—125° for twenty-four hours with a methyl-al 
solution of sodium methoxide. 

On opening the tube the alkali is quickly neutralised by the addit 


MILLS AND WIDDOWS: BENZENEAZO-2-PYRIDONE. 1383 


of a slight excess of a methyl-alcoholic solution of hydrogen chioride, 
The aminopyridone oxidises with extreme rapidity in alkaline solution 
with the production of a deep purple colour. After filtering from the 
precipitated sodium chloride and evaporating the alcohol, the crude 
hydrochloride of the aminopyridone is obtained in a form similar to 
that produced by the former method. 

Since no means of satisfactorily purifying this hydrochloride was 
found, and since the solubility of the free base in water, together with 
its proneness to oxidation, made it clear that it would not be possible 
to isolate it in a pure state without considerable expenditure of 
material, some Other means of characterising it was sought for, and 
was found in its ready conversion into a crystalline benzoyl 


it 


derivative. 

If the crude hydrochloride, obtained by either method, is dissolved 
in sodium hydrogen carbonate solution and shaken for half an hour 
with excess of benzoyl chloride, a white substance is obtained which, 
after washing with ether, crystallises from alcohol in pure white 
needles melting at 212°5°. The yield is, however, somewhat 
disappointing. 

The analysis of the substance taken together with its two modes of 
formation proves it to be of 5-benzoylamino-2-pyridyl benzoate : 


(1451 gave 0°3851 CO, and 0:0578 H,O. C=72°0; H=4-4. 
01398 ,, 104ec. N, at 155° and 777 mm. N=8°9., 
C,,H,,0O;N, requires C=71'7; H=4:4; N =8°8 per cent. 


The same compound is readily formed by benzoylation of the amino- 
pyridone in pyridine solution. The crude hydrochloride of amino- 
pyridone, prepared from 2-chloro-5-aminopyridine, was dissolved in 
yridine and an excess of benzoyl chloride added. A heavy white 
recipitate of pyridine hydrochloride was rapidly formed. After a 
uarter of an hour, the mixture was treated with sufficient water to 
isolve the pyridine, when an oil separated consisting of the excess 
f benzoyl chloride containing the benzoyl compound in solution. 
0 separating the oil and adding ether (in which it is very slightly 
luble), the benzoyl compound crystallised in needles which after a 
ingle crystallisation from alcohol melted at 211—212°. 
)-Benzoylamino-2-pyridyl benzoate is practically insoluble in water 
nd almost so in ether. It dissolves readily in chloroform and can be 
rystallised from benzene, but with greater advantage from alcohol. 
he following facts seem to show that the O-benzoyl group is readily 
iminated by alcoholic potash. The substance was mixed with an 
coholic solution of potassium hydroxide and left for twenty-four 
us at the ordinary temperature. After addition of water, the 
cohol was distilled off and the alkaline liquid saturated with carbon 
3.¥ 2 
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dioxide, whereupon a substance was precipitated which was sparingly 


soluble in ether or benzene, and readily so in alcohol or hot water. gel 
After recrystallisation from the latter solvent it melted at 2529530 ob 
The quantity of the substance thus obtained was unfortunately jp. 
sufficient for analysis, but since it thus possesses phenolic properties, = 
and on acidification of the residual liquid with hydrochloric acid g 
substance crystallised, which from its melting point (120°) and other alu 
characteristics was readily identified as benzoic acid, it was in 4ll ( 
probability 5-benzoylamino-2-pyridone, C,H,*CO*-NH°C,H,ON, It wit 
was also once obtained accidentally by the incomplete benzoylation of = 
the aminopyridone. 
the 
Reduction of 5-Benzeneazo-2-pyridone. the 

a 
Benzeneazopyridone is dissolved in boiling alcohol, and a concep. pe 
trated aqueous solution of sodium hyposulphite gradually added, of t 
The colour of the liquid rapidly diminishes up to a- certain point, ] 
at which addition of more hyposulphite produces no further visible yea 
change. The alcohol and aniline produced in the reaction are then iodi 
removed by a current of steam or by esgtraction with ether after dib 
rendering alkaline with sodium hydroxide, and the residual liquid eth 
shaken for half an hour with benzoyl chloride after the addition of 18! 
either sodium hydroxide or sodium hydrogen carbonate. There is moi 
then precipitated the same substance as is produced by treating ing 
aminopyridone with benzoyl chloride. After purification by washing sho 
with ether and recrystallising from alcohol, this was unmistakably in s 
identified by its general characteristics, its melting point (210—211°) thu: 

and “mixed” melting point (210°5—211°5°), as 5-benzoylamino?- 

pyridyl benzoate. T 
noti 
In conclusion, we have to express our indebtedness to the Govern- eelei 
ment Grant Committee of the Royal Society for a grant by which the dibr 
expenses of this investigation have been largely defrayed. trea 
NORTHERN POLYTECHNIC INSTITUTE, (Ck 
Lonvon, N, the 
acid, 
whil 
used 
CXXXII.—Aromatie Selenonium Bases. , h 
By Tuomas Percy Hitpircn and Samuet SMILEs. (Pro 
THE preparation of aromatic sulphonium bases has been described by diox 
Smiles and Le Rossignol (Trans., 1906, 89, 696 ; Proc., 1906, 22, a 


158; Trans., 1908, 93, 745), and it has been shown that three 
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general methods exist by means of which such compounds may be 
90 obtained : 

(1) The action of thionyl chloride on a phenolic ether (or other 
suitable aromatic compound) in presence of aluminium chloride ; 

(2) the action of sulphur dioxide on such compounds in presence of 
aluminium chloride ; 

(3) the condensation of an aromatic sulphinice acid or sulphoxide 
with a phenolic ether in presence of an appropriate dehydrating agent, 
usually concentrated sulphuric acid. 

The last procedure has also been applied by the present authors to 
the preparation of mixed fatty aromatic sulphonium derivatives in 
the case of camphor-8-sulphinic acid (Trans., 1907, 91, 519), and it 
appeared likely that members of the hitherto unknown class of 
aromatic selenonium bases could be obtained by a modification of one 
of these methods. 

Purely aliphatic selenonium derivatives have been known for many 


ble years ; Jackson (Annalen, 1875, 179, 1) prepared trimethylselenonium 
en iodide and benzyldimethylselenonium iodide by the interaction of 
ter dibenzyl diselenide and methyl iodide, whilst the corresponding tri- 


ethylselenonium iodide was obtained by Pieverling (Annalen, 1877, 
185, 331) from ethyl selenomercaptan and ethyl iodide ; by means of 
moist silver oxide this substance was transformed into a base possess- 
ing a strongly alkaline reaction. Scott (Proc., 1904, 20, 156) 
showed that by heating selenium or tellurium with" methyl iodide 
in sealed tubes at 180° periodides of the aliphatic bases were formed, 
thus : 
Se + 8CH,I =Se(CH,),1,T,. 

The only aromatic compounds containing quadrivalent selenium 
noticed up to the present appear to be phenyl selenoxide and phenyl- 
selenonic acid. Diphenyl diselenide, (C,H,),Se,, yields diphenylselenium 
dibromide, (C,H,;),SeBr,, when acted on by bromine, and this substance, 
treated with aqueous sodium hydroxide, gives diphenyl selenoxide, 
(C,H,),SeO (Krafft and Vorster, Ber., 1893, 26, 2813); whereas, if 
the original diselenide is oxidised with nitric acid phenylseleninic 
acid, C,H,*SeO,H, results (Stoecker and Krafft, Ber., 1906, 39, 2197), 
whilst phenylselenonic acid, C,H,*SeO,H, is formed when chlorine is 
used as the oxidising agent. 

The production of aromatic compounds containing basic selenium— 
4 preliminary account of which has been communicated to the Society 
(Proc., 1907, 23, 12)—-has been effected by the action of selenium 
dioxide on certain phenolic ethers in presence of aluminium chloride. 
It is probable, judging from the corresponding sulphur analogues 
ree of these compounds (Smiles and Le Rossignol, Joc. cit.), that by using 
phenolic ethers suitably substituted in the benzene nucleus, new 
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aromatic selenoxides and seleninic acids would be obtained, but we 
have confined our attention solely to those ethers likely to yield the 
selenonium derivatives. It is noteworthy that selenium dioxide 
reacts much less readily than sulphur dioxide, for whilst the action of 
the latter had to be regulated by use of a freezing mixture, in the 
case of selenium dioxide it was necessary to heat the mixture on the 
water-bath. 

The aromatic selenonium bases as a class are stable, strongly basic 
substances, their salts resembling the corresponding sulphonium 
derivatives in their stability towards aqueous sodium hydroxide, 
These, however, are for the most part non-crystalline or can only be 
obtained crystalline with the greatest difficulty ; the chlorides are 
fairly soluble in water, the iodides sparingly so. In consequence 
of the amorphous nature of most of the compounds belonging to this 
group, we have only been able to obtain a few of them sutliciently 
pure for analysis ; but the results obtained leave no doubt as to their 
constitution. 

EXPERIMENTAL. 


Triphenetylselcnonium (C,H,°O-C,H,),Se. 


Eight grams of powdered aluminium chloride were dissolved in 
10 grams of phenetole, the mixture being kept cool; 3 grams of 
powdered selenium dioxide were then added, but no reaction took 
place until heat was applied. On warming on the water-bath, how- 
ever, hydrogen chloride was evolved copiously and the reaction mix- 
ture soon became pasty and finally almost solid. After one hour the 
product was decomposed with ice and any excess of phenetole was 
removed by distillation with steam. The residue was next extracted 
with chloroform, and this extract dried and evaporated ; the substance 
left was redissolved in alcohol and boiled with animal charcoal, when, 
after filtering and evaporating in a vacuum at the ordinary tempera- 
ture, triphenetylselenonium chloride (C,H,°O-C,H,),SeCl, was left as an 
almost colourless semi-solid mass, the yield being fairly good. 

Triphenetylselenonium Hydroxide.—Boiling aqueous sodium bydr- 
oxide had little or no effect on the chloride, but on boiling about 
3 grams of this substance in alcoholic solution with dry freshly- 
precipitated silver oxide for a few minutes and removing the silver 
chloride and oxide, a solution of the base was obtained. This showed 
a strongly alkaline reaction towards litmus; the hydroxide was not 
precipitated from solution by water, and closely resembles the tri- 
phenetylsulphonium base. On exactly neutralising the base with 
hydriodic acid and evaporating the solution in a vacuum, the iodide 
was obtained as a pale yellow oil which could not be solidified. 

Triphenetylselenonium platinichloride was obtained in brown flakes 
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by adding a slight excess of platinum tetrachloride to the chloride dis- 
glved in alcohol and then precipitating the product with excessof water, 
The substance was purified for analysis by twice redissolving in the 
least possible amount of acetone and then pouring the filtered solution 
into excess of water. It is exceedingly soluble in acetone and alcohol, 
and melts and decomposes at about 82—83° : 

0:2022 gave 0°0304 Pt. Pt=15°03. 

01790 ,, 02897 CO, and 0°0701 H,O. C=44:14; H=4°35. 
(C,,H,,0,Se),PtCl, requires Pt= 15°09 ; C=44°58; H= 4°18 per cent. 


Trianisylselenonium (C,H,*O*CH,),Se. 


Trianisylselenonium chloride was prepared from anisole, selenium 
dioxide, and aluminium chloride by an analogous method to that used 
for the phenetyl compound, and remained as a dark uncrystallisable 
oi] on evaporation of its solutions in a vacuum. The hydrowide and 
iodide are quite similar to those of triphenetylselenonium; the 
platinichloride is a Brown amorphous body decomposing below 90° and 
not very stable at the ordinary temperature. 

The dichromate was also prepared by mixing the alcoholic solution 
of the chloride with acidified potassium dichromate solution ; a brown 
_precipitate formed, which was at once collected and purified by solu- 
tion in acetone and reprecipitation by excess of water. It is an orange- 
brown powder decomposing at 68—70° : 

02206 gave 0°0320 Cr,O,. Cr= 9°93. 

(C,, H,,0,Se),Cr,0, requires Cr = 10°24 per cent. 


Hexamethyltriresorcylselenonium {C,H,(O*CH,), |,Se. 


The condensation of resorcinol dimethyl ether with selenium dioxide 
was also attempted, and the chloride was obtained as a pinkish semi- 
solid mass, but a considerable quantity of other substances was also 
formed, and as the separation and purification of the selenium com- 
pounds was exceedingly difficult, the investigation of the base from 
this ether was not pursued further. 
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CXXXIIL.—TZhe Relation Between Unsaturation and 
Optical Activity. Part II. Optically Active 
Salts of Acids Containing Adjacent Unsaturated 
Groups. 

By Tuomas Percy HI.pitrcu. 


Ir is a fairly well-established rule that the presence of an ethylenic or 
of an acetylenic linking in an optically active compound tends to 
inerease the retatory power beyond that of the corresponding saturated 
compound; but this statement must always be coupled with the 
reservation, that, since optical activity is a physical property extremely 
susceptible to changes of constitution, apparent exceptions to the 
general rule may not unnaturally be met with in cases in which the 
structure of the substances under observation is somewhat complicated, 
Examples of such exceptions are to be noticed in Phe case of various 
esters of menthol and borneol examined by Hartwall (Diss. Helsingfors, 
1904) and by the author (Trans., 1908, 93, 1). With unsaturated 
groups, then, other than those associated with a minimum change in the 
molecule of constitution and of mass, one would not necessarily expect 
to observe such definite effects as in the latter instance ; at the same 
time, the presence of groups possessing a considerable degree of residual 
affinity frequently appears to be accompanied by increase in rotatory 
power. 

For example, the rotatory power of menthol and of some of its 
esters are given in the following table :* 


[2]. [M]o. 


I, CE |. accrssittciintcsnasasctsstansnneveidibarntsiababiegldbedl - 48°92 - 763 
Menthyl acetate, CHy°CO,°CypHig .....0-.-cccccrcrerescrecsccscecees 79°52 157% 
pe proptanate, Co PU Cg kasg sccssrsssecsasss,c0vcasessers 75°51 160'1 
ee Ee er ae 69°52 157'1 
»,  #-phenylpropionate, C;H;*CH.°CH,°CO,°C, Hy, ...... 56°21 1619 
»»  Pphenylacetate, CoH, "CHa°COg’CigHig ....00-ccreenee ev eee 69°60 1907 
Se EE eee 90°90 236°3 
oo «Cannes, TE Tine cs cics sasetnvishartencesensses 85°11 169°3 
pp - Cine, CONC hads cisicsiensstasssncntnes: oxstascseres 92°52 3127 


Again, it was shown in Part II of this series that the rotatory 
powers of esters and salts of cinnamic and phenylpropiolic acids 
diverged more widely from those of the original bases than those of the 
other acids investigated ; the following are the specific rotations of 
amyl esters of these acids as measured by Walden (Zeitsch. physikal. 


* The references to the data from which the above values are obtained have already 
been given in a previous part of this series, 
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Chem., 1896, 20, 569) and of their salts with various alkaloids 
(Part LH, loc. cit.) : 
B-Phenyl- Cinna- Phenyl- 


Base. propionate. mate. propiolate. Succinate. Fumarate. 
en... =89 +2°3 +7°5 +5°5 +3°76 +5°93 
Brucine ...... —122°0 — 38°2 -11°7 +3°3 ~68 8 —61°5 
Cinchonine... + 222°0 +116°3 +107°5 + 86°0 +159°0 +145°6 
Codeine ...... —116°0 —64°4 —51°6 —51°0 — 87°8 ~81°5 
Coniine ...... +80 -1°9 -7'5 -7'1 +5°1 +40 


It is significant that in the above salts an exceptional alteration in 
optical activity always coincides with the presence in the molecule of 
two conjugated unsaturated groups next to the carboxyl group, and 
that, with the esters to which attention has just been drawn, it is only 
those containing two such groups in close proximity to each other and 
to the optically active part of the molecule which show abnormal 
values for the rotatory power. Thus menthyl acetate, propionate, 
butyrate, -phenylpropionate, and carbonate possess molecular 
rotations varying between comparatively small limits, — 157° to 
- 162°. If, however, another unsaturated residue is placed adjacent 
to the carboxyl group, exaltation of the rotatory power takes place. 
This ic well marked in the case of menthyl benzoate, where a phenyl 
and a carboxyl group are situated side by side ; neither of these groups 
behaves abnormally when separated by a chain of saturated radicles, 
for the corresponding ester of 8-phenylpropionic acid has almost the 
average rotation of an ordinary menthyl ester, but as the phenyl 
group is moved up to the carboxyl, the effect of these two groups act- 
ing in conjunction becomes apparent, the values for menthyl phenyl- 
acetate and benzoate showing progressive increases on the normal 
molecular rotation of menthyl esters, 

Again, menthyl carbamate exhibits a slight exaltation, due presum- 
ably to the conjugation of the amino- and carboxyl-groups ; and Cohen 
and Armes (Trans., 1905, 8'7, 1190) have observed that the molecular 
rotations of the isomeric nitrobenzoic menthy] esters are much greater 
than those of the corresponding chloro- or iodo-benzoic esters or of 
menthyl benzoate. This effect may similarly be ascribed to the 
presence of the nitro-group, rich in residual affinity, and dire¢tly united 
to the phenyl group. 

The present investigation includes the preparation and polarimetric 

measurement of a series of alkaloid salts of acids containing one, two, 

three, and four contiguous unsaturated groups in the molecule, and 

also of benzoic, phenylacetic, and 8-phenylpropionic acids ; the latter 

‘eries is of interest in affording further evidence that as the distance 

between two unsaturated groups increases, the optical anomaly dimin- 

ishes. The alkaloids used were brucine and cinchonine, and the 

totatory powers of the free bases have been given in Part II of this 


le ed 
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series, the same specimens being used in both investigations, Tho O-1 
acids used were purified by recrystallisation until they possessed the 
correct melting point before being used to prepare the various salts, 
The results obtained serve on the whole to justify the conclusion 
that contiguous unsaturated groups exert an abnormal influence on the 


optical rotatory power of a compound, The salts of brucine show a more Wh 
consistent series of variations than those of cinchonine, for the presence —9 
of an unsaturated group adjacent to the acidic part of the molecule 011 


appears to have a quite unusual result in the case of this alkaloid ; 
since the latter base is di-acidic, both possible series of its salts have in 
some cases been prepared, and the same order is observed to hold with ] 
both mono- and di-acid salts for each series of increasingly unsaturated 


acids. It is noteworthy, too, that the rotatory powers of solutions in - 
chloroform of those cinchonine salts possessing the abnormal values 016 
just mentioned increase rapidly as the concentration of the solution | 
diminishes. 

EXPERIMENTAL, 

The salts used were prepared by mixing equivalent quantities of Fine 
base and acid in boiling water or alcohol, filtering and setting aside aud de 
to cool or evaporate as circumstances required. After a single 017 
recrystallisation the substances were sufliciently pure for polarimetric 
measurement. 

Brucine Benzoate, C,,H,,0,N,,C,H,O,,25H,0. Tran 

Small white crystals, readily soluble in water and alcohol, melting melting 
at 94°5°: 0-14) 

0°1894 gave 0°4444 CO, and 0:1206 H,O. C=63:98 ; H=7°07. 

C,,H,,.0,N,,2}H,0 requires C= 64:16 ; H = 6-60 per cent. 
Brueine Phenylacetate, C.,H.,0,N.,C,H,O,,1}H,0. ~ 

Square tablets, somewhat efflorescent, melting at 130—131°: alcohol, 

0:1160 gave 0:2848 CO, and 00698 H,O. C=66°94 ; H=6°69. 148° ; 

C,, H,,0,N,,14H,O requires C= 66°77 ; H = 6°64 per cent. 0158 
Brucine Anthranilate, C,,H,0,N,,C,H,O,N, 1}H,0. 

Small cream-coloured crystals, soluble in water and alcohol, melting 
at 132°: Thin 

0°1868 gave 0°4438 CO, and 0:1074 H,O. C=64:79 ; H=6°39. 0121 


C,,H,,0,N,,14H,0 requires C = 64°52 ; H=6°45 per cent. 
This salt separates from alcohol with 1 molecule of alcohol 0 
crystallisation. A sample prepared from alcohol was analysed : 


f 
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01784 gave 0°4362 CO, and 0:1132 H,O. C=66°68; H=7-05. 
C5) Hg0,N3,C,H,O requires C = 66°55 ; H=6°76 per cent. 


Brucine Acetylanthranilate, C,.H,,0,N,,C,H,O,N,14H,0. 


White nodules, fairly soluble in water, melting and frothing at 
95—97° : 

01179 gave 0°2756 CO, and 0°0720 H,O. C=63'75 ; H=6°79. 
C,.H,,0;N3,14H,O requires C = 64:00 ; H = 6°33 per cent. 


Brucine Benzoylanthranilate, C,,Hg0,N,,C,,H,,0,N,4$H,0. 
Clusters of white needles, melting and foaming at 108°: 


01650 gave 0°3752 CO, and 0°0926 H,O. C=62:00; H= 6°24. 
C,,H,,0,N3,4$H,O requires C = 62°01 ; H=6-42 per cent. 


Brucine Salicylate, C,,.H,,0,N,,C,H,O.. 

Fine white needles, sparingly soluble in water and alcohol, melting 
and decomposing at 250—254° : 

01700 gave 0°4212 CO, and 0°0864 H,O. C=67:°57; H=5°65. 
C,,H,,0,N, requires C = 67°67 ; H=6-01 per cent. 


Brucine Acetylsalicylate, C,,H,,0,N,,C,H,O,. 

Transparent rectangular prisms, fairly soluble in water and alcohol, 

uelting and decomposing at 251°: 

01470 gave 0°3617 CO, and 0°0802 H,O. C=67:10; H=6-06. 
C,,H,,0O,N, requires C = 66°89 ; H =5:93 per cent. 

Brucine Benzoylsalicylate, C,,H,,0,N,,0,,H,,0,,H,0. 


Hard white prisms, moderately insoluble in water, sparingly so in 
alcohol, fusing at 103—106°, resolidifying and melting finally at 
148° ; 

01588 gave 0°3974 CO, and 00840 H,O. C=68-23; H=5-88, 
C,,H,,0,N,,H,O requires C = 67°90 ; H=5-81 per cent. 


Cinchonine Benzoate, C,,.H,,.ON,,C,H,0,. 

Thin prisms, from alcohol, melting at 186°: 

01218 gave 03338 CO, and 00785 H,O. C=74:73; H=7°16. 
Cy,H.g0,N, requires C= 75°00 ; H = 6°73 per cent. 


eee 
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Cinchonine Dibenzoate, C,,H,,ON.,2C,H,O,,2H,0. 


Small prisms, very deliquescent in air, melting at 145°: 


0°1897 gave 0°4787 CO, and 01126 H,O. C=68°81 ; H=6-60, 


C,,H,,0,N.,2H,O requires C = 68°98 ; H = 6°62 per cent, 


Cinchonine Diphenylacetate, C,,H,.ON.,2C,H,O,,2$H,0. 


An oil which solidified slowly to a horny mass, but did 
crystallise : 
0:1596 gave 0°4018 CO, and 071060 H,O. C=68°64; H=7:38, 
C,,;H,.0,N,,2}H,O requires C = 68°74 ; H=7-04 per cent. 


Cinchonine Anthranilate, C,,H,.ON,,C,H,0,N. 


Small cream-coloured prisms from alcohol, melting at 165-+167° 


0:2078 gave 0°5495 CO, and 01307 H,O. C=72:11; H=6-98, 
C,,H,,0,N, requires C = 72°40 ; H=6°73 per cent. 


Cinchonine Dianthranilate, C,,H,,ON,,2C;H,0,N,24H,0. 


A cream-coloured microcrystalline powder, melting and losing | 


water at 97—98°: 
0°1376 gave 0°3255 CO, and 00861 H,O. C=64°52; H=6'95. 
C,,H,,0,N,,2}H,O requires C = 64°60 ; H = 6°69 per cent. 


Cinchonine Acetylanthranilate, C,,H,,ON,,C,H,0,N. 
Square tablets precipitated from alcohol by ether, melting 
195—196° : 
0°1337 gave 0°3497 CO, and 0:0806 H,O. C=71:32; H=6°70. 
C,,H,,0,N, requires C=71-04 ; H = 6°55 per cent. 


Cinchonine Diacetylanthranilate, C,,H,,ON,,2C,H,O,N,15H,0. 


A deliquescent crystalline mass, melting and foaming at 100°: 
0:1940 gave 0°4640 CO, and 0°1090 H,O. C=65-22; H=6'20. 
C,,H,,O,N,,1$H,0 requires C = 65°39 ; H =6°33 per cent. 


Cinchonine Benzoylanthranilate, C,,H,,ON,,C,,H,,0,N,}H,0. 


Small needles, soluble in water and in alcohol, melting at 144°: 
0°1469 gave 0°3902 CO, and 0-0832 H,O. C=72:44; H=6:29. 
C,,H,,0,N,,4H,O requires C= 72°80; H =6:25 per cent. 
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Cinchonine Dibenzoylanthranilate, C,,H,,ON .,2C,,H,,O,N,6H,0. 
Slightly deliquescent prisms, melting and decomposing at 
104—105° : 

01962 gave 0°4592 CO, and 0:1140 H,O. C=63°86; H=6-46. 
C,-H,,0,N,,6H,O requires C = 63°80 ; H = 6°33 per cent. 


Cinchonine Salicylate, C,H .O0N,,C,H,O3. 

Large white prisms, soluble in water and alcohol, melting at 164°: 
0:1392 gave 0°3687 CO, and 0:0801 H,O. C=72:23; H=6°39. 
C,,H,.0,N, requires C= 72:22 ; H=6-48 per cent. 


Cinchonine Acetylsalicylate, C,,H,,ON,,C,H,O,,}H,0. 


An oil which solidified in a vacuum to a mass of small needles, 
nelting at 80°: 

0:1527 gave 03897 CO, and 0:0936 H,O. C=69-60; H=6'81. 
C,,H,,0,N.,4H,O requires C = 69°56 ; H = 6-42 per cent. 


Cinchonine Benzoylsalicylate, C,,.H,,ON,,C,,H,)0,,5 4,0. 


An oil, which solidified in a vacuum to thin white leaflets, melting 
at 158°: 

0:1612 gave 0°4303 CO, and 0:0906 H,O. C=72°81; H=6°24, 
C,,H,,0,N,,4H,O requires C = 72°66 ; H= 6-06 per cent. 

The polarimetric observations were made in dry chloroform solution 
ina 2-dem, tube, the temperature, except where otherwise indicated, 
being 21°. The following tables show the specific and molecular 
rotatory powers obtained for each salt, together with those of the free 
bases, The first table deals with tho-e acids containing two un- 
saturated groups at varying distances from each other in the molecule ; 
the effect observed in the case of brucine salts diminishes progressively 
as the phenyl group is moved away from the carboxyl residue, whilst 
vith cinchonine benzoate, as previously mentioned, an altogether 
abnormal value obtains, 


TABLE I. 
Acid, Brucine salt. Cinchonine di-acid salt. 
Percentage cr ’ ‘s - ; “4 
concentration: 5, 2h. 5. 24. 


EE, ¢ a ¢ a, 
[a]. [M)]o. [a].  [M)o. [a].  [M]p. 
Beare; ~122°0 -480°7 - 122°0 —480°7 +222°0 +652°7 +222°0 +6527 
Phenyl.) -25°4 -181'1 -25°0 -129°0 +151°0 +8125 +163°0 +877°0 
west? jf ~380°5 -161°7 -32°2 -170°7 +107°0 +6056 +1090 +6169 
8 Pheny).- 

opi } ~38°2 -207°'7 -38°5 ~209°2 +116°2 +690°7 4120°5 +7157 


* Temperature = 20°, 


es, 
[a]. [M]. 
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Two series of acids containing contiguous unsaturated groups have 
been used, one consisting of anthranilic, acetylanthranilic, and benzoyl. 
anthranilic acids, the other of the corresponding derivatives of salicylic 
acid. It is obvious that in each case there are acids containing 
successively two, three, and four groups possessing varying degrees of 
residual affinity united to the carboxyl residue in the molecule ; at the 
same time it must be remembered that the molecular weight of 
members of the series varies somewhat widely, and therefore the 
rotations observed can only be interpreted as a somewhat rough 
indication of the effect of conjugated unsaturated groups. It is hoped 
that the results of measurements of derivatives of acids containing 
conjugated ethylenic linkings (which involve minimum change of 
molecular weight) will shortly be ready for publication. In the 
meantime, as the following tables show, it is clear that increase in the 
number of adjacent unsaturated groups tends to increase the optical 


effect. 
Tas_e IL. 
Acid. Brucine salt. Cinchonine mono-acid salt. 
Percentage . 
concentration : 5. 24. 5. 24. 
[a]. [M]p. [a], [M]>. {a]p. [M].. [a},.  {M},. 
—122°0 —480°7 -—122°0 -480°7 +222°0 +652°7 +2220 +6527 
Benzoic -~25°4 —131°1 —~25°0 -129°0 +4+141°1 +587°0 +163°0 +6781 
Anthranilie ~9°0 -47°8 —8°8 -46°7 +162°8 +701°7 +176°6 +7611 
Acetyl V5.2 4993 +5°0 +28°7 +125°8 +595°0 +1412 +6879 
anthranilic f 
senzoyl- lf o4-e 11a DA° _VRA+€ < ih tat -1@1°R +RAne 
anthranilic } * 24:6 +1562 +4244 +1549 4+144°2 +7715 +161°8 +865% 
Acid. Cinchonine di-acid salt. 
Percentage concentration : 5. 24. 
[a]... [M].. [a]... [Mp 
+222°0 - +652°7 + 222°0 + 652°7 
I. fh iccs occ citeua bios +151°0 +812°5 +163°0 +8770 
pS eee +161°4 + ore 6 +173°0 +982°4 
Acetylanthranilic ........... +111°3 +725°4 +121°6 +7927 
senzoylanthranilic.......... . +113°3 +883°1 +1226 +9515 


TABLE ITI. 


Acid. Brucine salt. 
Percentage —_—$-——_—_— 
concentration : 5. 24. 
[a]. [M)p. [a].  [M],. 
-—122°0 -—480°7 -—122°0 -—480°7 
Benzoic ... 25° 131°1 —25°0 —129°0 
Salicylic... +14°2 +75°5 +146 +777 
~—— $151 +867 +15°6 +89°5 
Benzoyl- 1 46.. 4g i ; 
salicylic +0:1 =+0°6 +00 +0°0 


Cinchonine mono-acid salt. 


5. 24. 
fal». [MJ [al [Mb 
+222°0 +652°7 +2220 +6527 
+141°1 +587°0 +163°0 +6781 
+142°3 +614°7 +157°8 
+135°0 +640°0 142°8 
+137°3 +735°9 +1560 
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(XXXIV.—Zhe Preparation of Disulphides. Part I. 
The Action of Alkalis on Sodium Alkyl Thiosulphates. 
By Tuomas Siater Price and Dovucias Frank Twiss. 


Iy a previous paper (Trans., 1907, 91, 2021),a method has been 
jescribed for the preparation of dibenzyl and diethyl disulphides by the 
electrolysis of the corresponding sodium alkyl] thiosulphates in neutral 
or alkaline solution. Whilst endeavouring to extend this method to 
the preparation of the nitrobenzy] disulphides, it was found that the 
addition of alkali, preferably sodium carbonate, to the solution of a 
sodium nitrobenzyl thiosulphate causes a more or less rapid precipita- 
tion of the corresponding nitrobenzy] disulphide. The three nitrobenzy] 
disulphides have been isolated in this way, and the method of their 
preparation is described in the succeeding paper. These observations 
naturally led to an investigation of the action between alkalis and 
sodium ethyl and benzyl thiosulphates, with the result that the 
corresponding disulphide was obtained in each case. 

At the time the above experiments were made, there was, as far as 
we could find, no experimental evidence concerning the action of 
alkalis on these organic thiosulphate compounds, which is surprising 
when one considers the time that has elapsed since their first isolation 
(Bunte, Ber., 1874, 7, 646; Purgotti, Gazzetta, 1890, 20, 25). Spring 
‘ber., 1874, '7, 1162) states that sodium hydroxide hydrolyses ethyl- 
thiosulphury] chloride to sodium ethyl thiosulphate, 


C,H, *8,0,Cl + 2NaOH = C,H,-S,0,Na + NaCl + H,0, 


but mentions no further action. 

Gutmann (Ber., 1907, 40, 2818) refers to the subject in a paper on 
the action of sodium arsenite on sodium ethyl thiosulphate, The 
reaction takes place in alkaline solution with the formation of ethyl 
mercaptan and sodium arsenate according to the equation 


C,H,"S,0,Na + NaOH + Na, AsO, =C,H,-SH + Na,SO, + Na,As0,. 


Inexplanation of this reaction, Gutmann assumes the formation of 
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an intermediate compound, C,H,*S:OH (thioethyl hydroperoxide) 
according to the equation 

C,H,*S,0,Na + NaOH = C,H,-S-OH + Na,SO,,. 
This intermediate compound then oxidises the arsenite to arsenate, 
being itself reduced to mercaptan at the same time. No experimental 
evidence is given for the existence of such an_ intermediate 
compound.* 

Our investigation of the action of alkalis on sodium ethyl and 
benzyl thiosulphates was practically complete when a paper was 
published by Gutmann on the same subject (Ber., 1908, 41, 1650), 
Since his results were not in agreement with ours, it has been 
necessary for us to test some of his conclusions. 

Most of our experiments have been carried out with aqueous solu- 
tions of sodium benzyl thiosulphate. At the ordinary temperature the 
addition of sodium hydroxide, sodium carbonate, or ammonia causes 
the slow deposition of a white solid, which is dibenzy] disulphide, If 
the mixture is heated, the deposition is complete in less than an how, 
but the separated disulphide, although fairly pure (m. p., without 
recrystallisation, 69° instead of 71°), is contaminated with a small 
quantity of a red substance (possibly thiobenzoyl! disulphide, 

C,H,°CS:S,°CS-C,H,) 

which renders it pink. The yield of disulphide is always about 65 
per cent., never more. The pale brown filtrate has a slight odour of 
mercaptan, which is probably due to the action of the sodium 
hydroxide on a very swall proportion of the C,H,*CH,°S: residues (see 
later) before these couple to form disulphide, aqueous sodium hydroxide 
being without action on free dibenzyl disulphide. The rest of the 
benzyl radicle forms sodium benzoate and thiobenzoate, which remain 
in solution. The inorganic products in the solution are sulphite, 
sulphide, and a small amount of sulphate. It is found that three 
molecules of sodium benzy] thiosulphate react with approximately four 
molecules of sodium and potassium hydroxides, giving approximately 
one molecule of dibenzyl disulphide. 

The reaction is probably very complicated, but the chief stages may 
be expressed by the following equations : 

3C0,H,°CH,"S,0,Na + 3NaOH = 30,H,°CH,°S: + 3Na,SO, + 3HO-. 

20,H,-CH,-S: = (O,H,°CH,),8,. 

C,H,-CH,°S: + 3HO: + NaOH =C,H,:CO-SNa + 3H,0. 

The third equation accounts for the fourth molecule of sodium 
hydroxide, but there are undoubtedly a number of subsidiary reactions 

* At the end of the above paper, Gutmann mentions that he has found that 


iodine has no action on sodium ethyl thiosulphate. He has apparently overlooked 
the previous work on the subject (compare Slator, Trans., 1904, 85, 1286, &c.). 
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ghich occur at the same time. For example, some sodium hydrogen 
sulphide is formed from the sodium thiobenzoate, 


C,H,"CO-SNa + NaOH = C,H,-CO,Na + NaSH. 


Also some sulphite is oxidised to sulphate by the hydroxyl groups 
represented in the above equations. 

The fact that the three nitrobenzy! disulphides have been prepared 
ina similar manner, and that the yields never exceed 60 per cent. 
(although frequently less), constitutes a further confirmation of the 
above equations for the reaction in aqueous solution. 

Qualitative experiments on the action between aqueous solutions of 
sodium hydroxide and sodium ethyl thiosulphate were also carried out. 
An oil separated, which was found to be diethyl disulphide. 

Gutmann, in his last paper, gives the results of a quantitative 
investigation of the action of potassium hydroxide on sodium (or potass- 
ium), ethyl, amyl, and benzyl thiosulphates. The reactions were, 
however, carried out in alcoholic solution. The amounts of alkali used 
aud of sulphite formed were in very good agreement with the equation 


C,H,*S,0,K + KOH +C,H,;S-OH + K,SO, ; 


inno case was sulphate formed. In only one experiment was aqueous 
potassium hydroxide used, and then it was found that more alkali dis- 
appeared than corresponds with the above equation, which fact is in 
agreement with our results, Gutmann offers no explanation of 
this, 

The hypothetical substance C,H,"S*OH remains in solution ‘(the 
potassium sulphite being insoluble in alcohol), and its characteristic 
reactions (in solution) are stated to be as follows: (1) The solution 
has only a very faint mercaptan odour,* unless water is added. 
(2) When heated with sodium arsenite, mercaptan and arsenate are 
frmed. (3) Potassium thiocyanate is formed on digesting with a 
lution of potassium cyanide and sulphide. 

In a footnote on p. 1653 he writes : “ A solution of C,H,*S*OH can 
also be obtained in the following manner. ‘To a cold aqueous solution 
of sodium ethyl thiosulphate is added an excess of 50 per cent. sodium 
hydroxide and the mixture heated for some time at 40°. Most of the 
sulphite separates, and an oil swims on the aqueous solution. This 
al gives the reactions with arsenite, cyanide, and sulphide.” This 
footnote gave the clue to an explanation of Gutmann’s results, since 
We had already found, as stated above, that this oil is diethyl disul- 
phide. On further investigation, we have also found that the odour of 
diethyl disulphide becomes much fainter when dissolved in alcoholic 


* Gutmann apparently confuses the odour of diethyl disulphide with that of ethyl 
lhereaptan, 
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potash, and that, furthermore, it gives the above-mentioned reactions 
with arsenite, and with a mixture of cyanide and sulphide.* 

It would thus appear that the substance C,H,*S*OH has not been 
proved to exist, since diethyl disulphide accounts for all the reactions 
given. In further confirmation of this, we have isolated the com- 
pound formed by the interaction of sodium ethyl thiosulphate and 
potassium hydroxide in alcoholic solution; this solution should, 
according to Gutmann, contain the compound C,H,*S:OH. However, 
on the addition of water and extraction with ether, diethyl disulphide 
was isolated and identified by its boiling point and by the formation 
of the characteristic addition compound with silver nitrate. The 
yield was poor, since it was somewhat difficult to separate the alcohol 
and the disulphide. 

It seems probable that the mechanism of the action of alkalis on 
sodium alkyl thiosulphates is not the same for each of the latter 
compounds, except in so far as the production of disulphide and 
sulphite is concerned ; for example, in the reaction between sodium 
ethyl thiosulphate and potassium hydroxide, either in alcoholic or in 
aqueous solution, no sulphide appears to be formed, but sulphide is 
formed in both aqueous and alcoholic solution with sodium benzyl 
thiosulphate, although apparently in smaller amount in the latter 
case. Again, with an alcoholic solution of sodium benzyl thio- 
sulphate, the reaction appears to be further complicated by the 
production of an appreciable quantity of mercaptan, the odour of this 
being much more marked than when aqueous solutions are used ; this 
is in accordance with the observation that alcoholic potash does slowly 
attack dibenzyl disulphide. 

We have not further investigated the discrepancy between the 
quantitative results obtained by Gutmann in alcoholic solution and 
those obtained by us with aqueous solutions, since Gutmann states 
that he is continuing his work on the subject. It may possibly be 
attributable to the following cause. The first step in the action of 
alkali on sodium alkyl thiosulphates, as previously stated, is probably 
represented by the equation : 

3R°S,0,Na + 3NaOH = 3RS: + 3Na,SO, + 3HO-. 

In alcoholic solution the sulphite, being insoluble, separates out as 
soon as it is formed, and is thus not further oxidised to sulphate. 
The oxygen from the three hydroxyl groups may then be absorbed by 
sodium ethoxide, and the *RS residues are therefore free to couple 
together to disulphide without being further affected. On the other 

* At the end of his paper, Gutmann mentions that he intends to investigate 
further the action of arsenite, cyanide, &c., on disulphides, but it was necessary fot 
us to perform the above qualitative tests to make our work complete. We have 
not tested his quantitative results. 
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hand, in aqueous solution, the sulphite is partly oxidised to sulphate, 
and at the same time the oxygen liberated from the hydroxyl groups 
attacks some of the *RS residues. 

That this explanation is a feasible one is borne out by the fact that 
the presence of a good reducing agent, such as sodium hyposulphite, 
affects the action of sodium hydroxide on sodium benzyl thiosulphate, 
causing the separated disulphide to be practically colourless, and at 
the same time increasing the yield. 


EXPERIMENTAL. 
Sodium Ethyl Thiosulphate and Alkali. 


A mixture of 15 grams of ethyl iodide, 40 c.c. of 90 per cent. 
alcohol, 30 grams of sodium thiosulphate, and 30 c¢.c. of water was 
heated for an hour on the water-bath, using a reflux condenser. ‘To 
the homogeneous solution, which now contained sodium ethyl thio- 
sulphate, was added a solution of 15 grams of potassium hydroxide in 
30 cc. of water, and the mixture re-heated for a quarter of an hour. 
The oil which separated was extractéd with ether, and, after distilling 
off the latter, 26 grams of diethyl disulphide, boiling at 150—151°, 
were obtained. This constitutes a 44 per cent. yield, but some of the 
disulphide was obviously lost by distilling over with alcohol below the 
correct boiling point. The disulphide was fully identified by its 
odour, boiling point, and formation of the characteristic additive 
compound with silver nitrate. 


Sodium Benzyl Thiosulphate and Alkali. 


A known weight of sodium benzyl thiosulphate was dissolved in 
water, 25 c.c. of a potassium hydroxide solution of known strength 
(approx. 3.V) added, and the mixture heated on a water-bath in an 
atmosphere of hydrogen for two hours. The separated disulphide 
was filtered off, dried, and weighed. The filtrate was diluted to 
250 ¢¢., and an aliquot portion treated with cadmium carbonate in 
order to remove the sulphide. The sulphur thus removed was con- 
verted into barium sulphate, the weight of which gave the amount of 
sulphur as sulphide (and as thiobenzoic acid).* 

The sulphite was estimated in the filtrate from the cadmium 
carbonate by titration with iodine, whilst the sulphite and sulphate 
were estimated in part of the same solution by oxidation with bromine 


* From the fact that in the analysis the whole of the sulphur is accounted for by 
the sulphide, sulphite, sulphate, and dibenzy] disulphide, it is probable that the 
thiobenzoic acid yields its sulphur to the alkaline emulsion of cadmium carbonate, 
its sulphur, therefore, being included in the number for the sulphide. 


422 
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water and precipitation as barium sulphate (compare Gutmann, 
Zeitsch. anal. Chem., 1907, 46, 485). 


Sulphide 
3enzyl ( + thio- Dibenzyl 
sodium thio. KOH Sulphite Sulphate benzoic acid) disulphide 
sulphate taken. used. formed. formed. formed. formed, 
I. 0°0257 0°0343 0°0238 0°0063 0°0067 000813 mols, 
that is 3°0 4°0 2°78 0°78 0°79 0°95 
Il. 0°0271 0°0363 0°0252 0°0043 0°00745 0°00894 
that is 3°0 4°0 2°80 0°47 0°83 1°0 = 


In each experiment the number of atoms of sulphur contained jn 
the sodium benzyl thiosulphate taken was six ; in the first experiment 
the number of atoms of sulphur found as sulphite, sulphate, sulphide, 
and disulphide is 6°25(=2°78+0°78+079+2x 0°95), and in the 
second experiment, 6°10(=2°80+0°47+0°83+2x1°0), which is a 
satisfactory agreement for measurements of this kind. 

In an experiment in which sodium carbonate was used instead of 
potassium hydroxide, 3 grams (3 mols.) of sodium benzyl thiosulphate 
gave 1°10 grams (1°01 mols.) of disulphide. 

The presence of thiobenzoic acid in the solution from the action of 
caustic alkali was proved by acidifying and extracting the oily 
precipitate with ether. The residue from the ethereal extract con- 
sisted of benzoic and thiobenzoic acids. The latter was identified by 
preparing a solution of the sodium salt, which gave a greenish-yellow 
precipitate, turning red on standing, with a solution of copper 
sulphate. A more satisfactory test for the thiobenzoic acid was 
the formation of benzoyl disulphide, (C,H,*CO),S,, by oxidation 
(compare Fromm and Schmoldt, Ber., 1908, 40, 2861). A solution 
of potassium ferricyanide was added to the alkaline solution of the 
mixture of sodium benzoate and thiobenzoate ; after some hours, the 
benzoyl disulphide was filtered off. After recrystallisation from 
alcohol, it melted at 128°, becoming purple in colour at the same 
time. 

The benzoic acid was detected in the filtrate from the benzoyl 
disulphide by acidifying and extracting with ether. The residue 
from the ethereal extract, after recrystallisation from water, melted 
at 121°, and responded to the usual tests for benzoic acid. No 
attempt was made to estimate the amounts of benzoyl disulphide and 
benzoic acid ; the quantities obtained were only small. 


Part of the expense of the foregoing investigations was defrayed by 
a grant awarded by the Committee of the Research Fund, for which 
we wish to express our thanks, 


MunNicipAL TECHNICAL ScuHoot, 
BIRMINGHAM, 
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(XXXV.—The Preparation of Disulphides. Part ITI, 
The Nitrobenzyl Disulphides. 


By Tuomas Stater Price and Doucias Frank Twiss. 


Iy a previous paper (Trans., 1907, 91, 2021) a method has been 
described for the preparation of dibenzyl and diethyl disulphides by 
the electrolysis of the corresponding sodium alkyl thiosulphates in 
neutral or in alkaline solution. While endeavouring to extend this 
method to the various nitrobenzyl disulphides, a solution of sodium 
pnitrobenzyl thiosulphate was rendered alkaline by the addition of 
sodium carbonate, with the unexpected result, however, that a precipi- 
tate began immediately to separate out slowly. This did not occur 
when sodium hydrogen carbonate was used in place of the normal 
carbonate, and the electrolysis of this solution gave a brown, sandy 
deposit, which became gradually paler in colour on repeated recrystal- 
lisation from alcohol. Later work showed that this deposit was 
probably impure p-nitrobenzyl disulphide. Even when carbon 
dioxide was passed into the solution during electrolysis, the deposited 
slid was strongly coloured. Electrolysis in a solution acidified with 
sulphuric acid gave no definite result, possibly because the formation 
of disulphide depends on the reduction of the complex thiosulphate 
ion, which is not present to any great extent in sulphuric acid 
solution. 

Electrolysis of a solution of sodium m-nitrobenzyl thiosulphate con- 
taining sodium hydrogen carbonate (sodium carbonate again caused 
the formation of a precipitate) gave a pasty mass, which appeared to 
bea very impure m-nitrobenzyl disulphide. 

In the electrolysis of a solution of sodium o-nitrobenzyl thiosulphate 
to which sodium hydrogen carbonate had been added (sodium 
carbonate could not be used for the same reason as above), only a 
small quantity of an oil was obtained, which, from its odour, con- 
tained some o-nitrobenzyl mercaptan; there was no solid formed. 
The resistance to reduction, and the formation of mercaptan instead 
of disulphide, is possibly due to the nitro-groups in the ortho-position 
offering steric hindrance to the coupling of the two NO,°C,H,-CH,:S- 
residues. 

Although the electrolysis of the sodium nitrobenzyl thiosulphates 
offered little promise as a method for preparing the corresponding 
disulphides, a successful method of preparation was immediately 
fortheoming. An examination of the solid produced by the inter- 
action of sodium p-nitrobenzyl thiosulphate and sodium carbonate in 
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solution, showed that it was the required disulphide ; moreover, not 
only could the reaction be applied to the m- and o-nitrobenzy] thio. 
sulphates as well, but it held also for other complex thiosulphates, 
such as sodium ethyl thiosulphate and sodium benzyl thiosulphate, 
The formation of diethyl and dibenzyl disulphides in this manner jg 
described in the preceding paper. 

In the preparation of p-nitrobenzyl disulphide by this method, 
sodium hydroxide cannot be used, since the disulphide is very sensi- 
tive to’ caustic alkali, giving a deep brownish-red substance, of at 
present unknown constitution; but in the cold, sodium carbonate 
causes the slow precipitation of a creamy-white mass of the disulphide, 
It is not necessary to isolate the sodium p-nitrobenzyl thiosulphate, 
since the solution obtained by boiling together p-nitrobenzyl chloride 
and sodium thiosulphate in aqueous alcoholic solution may be used, 
The yield amounts to about 60 per cent. of that theoretically expected 
from the nitrobenzy! chloride taken, so that the reaction is probably 
similar to that with sodium benzyl thiosulphate and alkalis (doe. cit.), 
Even in the absence of alkali, solutions of sodium p-nitrobenzyl thio- 
sulphate very slowly deposit the disulphide. 

In a similar way, m-nitrobenzyl disulphide has been obtained from 
a solution of sodium m-nitrobenzyl thiosulphate. The use of sodium 
hydroxide causes the precipitated disulphide to be somewhat pink in 
colour, whilst sodium carbonate gives a white solid, which is prac- 
tically pure. The reaction with sodium carbonate is slow at the 
ordinary temperature, being unfinished even after a fortnight, but the 
product is much less pure if heating is resorted to. 

Similarly, o-nitrobenzyl disulphide has been obtained from solu- 
tions of sodium o-nitrobenzyl thiosulphate. As with the meta 
compound, the reaction proceeds very slowly. Sodium hydroxide 
causes a more rapid precipitation than does the carbonate, but the 
separated disulphide then has a tendency to pastiness and is les 
pure. The yield is poor in both cases, sodium carbonate after 
several days giving a yield of 25 per cent. calculated on the nitro- 
benzyl chloride taken ; this yield is poorer than that of either of the 
corresponding meta- or para-compounds. Warming the mixture does 
not hasten the precipitation, but gives a strong odour of the o0-nitto- 
benzyl mercaptan, confirming the idea that the nitro-group i 
the ortho-position causes steric hindrance to the formation of 
disulphide. ; 

It will thus be seen that although the nitrobenzyl thiosulphate 
compounds do not behave towards electrolysis in the same way % 
the unsubstituted sodium benzyl thiosulphate, they yet follow 
general reaction of these organic thiosulphates with solutions of 
alkalis. 
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The three disulphides obtained in the course of this investigation 
have not been isolated before, the o-nitrobenzy] disulphide of Jahoda 
(Monatsh., 1890, 10, 874) having been proved to be in reality the 
corresponding mercaptan (Gabriel and Stelgner, Ber., 1896, 29, 161). 
The melting points of these three disulphides stand in the order: 
para, 126°5° ; ortho, 109°5°; meta, 103°. 

During this investigation, the three sodium nitrobenzyl thio- 
sulphates have been isolated ; they are all crystalline substances, the 
meta-compound having a faint green fluorescence. 


EXPERIMENTAL. 


Sodium p-nitrobenzyl thiosul phate, NO,*C,H,*CH,°S,0,Na, is readily 
obtained by boiling together 20 grams of p-nitrobenzyl chloride with 
30 grams of sodium thiosulphate in 60 c.c. of aleohol and 60 c.c. of 
water for one hour. The liquid, on cooling, deposits crystals of the 
sodium p-nitrobenzyl thiosulphate, which can be purified by recrystal- 
lisation fromalcohol. A further quantity can be obtained from the 
original mother liquor by evaporation to dryness and extraction with 
alcohol : 

04532 gave 0°1174 Na,SO,. Na= 8°39. 

C,H,O,NS,Na requires Na = 8°48 per cent. 

p-Nitrobenzyl disulphide, (NO,.°C,H,-CH,),S,, is prepared by the 
action of sodium carbonate on sodium p-nitrobenzyl thiosu! phate. 
Experiments were performed to find the best conditions for the 
formation of disulphide. In each case a solution of sodium carbonate 
containing 30 grams of the crystallised salt in 60 ¢.c. of water 
was used, 


Weight of Na p-nitro- Sodium Weight of 
benzyl thiosnl phate, Water, carbonate sqlution, disulphide, 
grams, C.6. C.C, gram. 
2 10 4 0°70 
2 10 16 0°70 
2 40 { 0°76 
2 40 30 0°72 


Within the above limits, alterations in concentration do not seem 
to have much effect. The highest yield is approximately 60 per cent. 
on the thiosulphate compound taken, showing the reaction to be 
Similar to that with sodium benzyl thiosulphate (loc. cit.). A 
solution of pure sodium p-nitrobenzyl thiosulphate slowly deposits 
the disulphide, but even after months the amount formed is very 
smal], 

ff a solution of sodium hydroxide be used instead of sodium 
carbonate, there is an immediate brownish-red precipitate of very 
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impure disulphide, the colour being due to the further action of the to the 
alkali on part of the disulphide formed. solid : 
: It is not necessary to isolate the thiosulphate compound in order to 0°20 


prepare the disulphide. Instead of allowing the product of the inter. 
action of nitrobenzyl chloride and sodium thiosulphate to crystallise, 


an equal bulk of water is added, and then, when cold, a fairly dilute ols 
aqueous solution of sodium carbonate, containing approximately the vane 
same weight of crystallised sodium carbonate as of nitrobenzyl chloride yen 
originally taken. After standing for one or two days the creamy — 
white precipitate of disulphide is collected, washed with water, ther ow 
with dilute acid to remove alkali, towards which the disulphide is 59 aryl 
sensitive, and again with water. After recrystallisation twice from sahay 
alcohol it is pure, and is then obtained in pale yellow needles, melting O17 
at 126°5°. It is fairly soluble in hot alcohol, but very soluble in 
pyridine. Its solution in alcohol gives a deep blood-red coloration 
when mixed with alcoholic potash : Part 

0:2988 gave 0:4160 BaSO,. S=19°12. = 

C,,H,,.0,N,S, requires S = 19°05 per cent. 

Sodium m-nitrobenzyl thiosulphate is prepared in exactly the same ah 
manner as the para-compound, using m-nitrobenzyl chloride. It isa 
pale yellow solid with a faint green fluorescence. Although recrys- 
tallised from 90 per cent. alcohol it apparently contains water of 
crystallisation : 

0°8265 gave 0'2055 Na,SO,. Na=8-06. 

After recrystallisation 0°3720 gave 00919 Na,SO,. Na=8:00. (XXX 

After another recrystallisation 0°4240 gave 0°1048 Na,SO,. Na=80l. ates 

C,H,O,NS,Na,H,O requires Na = 7-96 per cent. 

m-Nitrobenzyl disulphide. A mixture of 10 grams of m-nitrobenzyl By 
chloride, 20 grams of sodium thiosulphate in 40 ¢.c. alcohol and 40 ce. ie. 
of water was heated under reflux for one hour ; the resulting solution 
was diluted with an equal bulk of water, and after the addition of ong 
15 grams of crystallised sodium carbonate dissolved in 30 c.c. water, aa 
was allowed to stand. The precipitation of disulphide took place ise 4 
slowly in the cold, but became more rapid on warming to about 6%; =e 8 
heating more strongly caused the separated disulphide to be pinkish coon 
in colour, owing to contamination with impurities. The disulphide om 


formed from the cold solution was pure after one recrystallisation from 
' §8'88 pe 
alcohol. It forms pale yellow crystals, melting at 103°: 


two estir 

02982 gave 0°4131 BaSO,. S=19-05. The fact 
02920 ,, 04066 BaSO, S=19°12. prolonge 
C,,H,,0,N,S, requires S= 19-05 per cent. tause tha 


Sodium o-nitrobenzyl thiosulphate was prepared in a similar manner i Lercury 
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to the para- and meta-compounds. It is a pale yellow, crystalline 
solid : 
02015 gave 0°0521 Na,SO,. Na=8°37. 

C,H,0,NS,Na requires Na = 8-48 per cent. 
o-Nitrobenzyl disulphide. A solution of the thiosulphate compound 
yas treated with sodium carbonate solution, the process being exactly 
the same as described for the preparation of the meta-compeund. The 
pnitrobenzyl disulphide separated out slowly for several days. The 
product was collected, washed with water, then with dilute acid, and 
fually with water. It was purified by recrystallisation from alcohol, 
and was then obtained in pale yellow crystals melting at 109°5°: 
0:1735 gave 0°2437 BaSO,. S=19°28. 

C,,H,,0,N,S, requires S = 19-05 per cent. 


Sd 


Part of the expense of the foregoing investigation was defrayed by 
agrant awarded by the Committee of the Research Fund, for which 
ye wish to express our thanks. The research is being continued. 


CHEMICAL DEPARTMENT, 
MonictrAl TECHNICAL ScHootL, 
BIRMINGHAM. 


(XXXVI.—Solubility of Silver Chloride in Mercurie 


Nitrate Solution. 
By Bertram Hawarp Butte and Jonn Tueopore Hewirv. 


Aout a year ago a short note was communicated by one of the 
present authors (Proc., 1907, 23, 10) describing the isolation of a 
tusie mercuric chloride, Hg,O,Cl,, which apparently had not pre- 
viously been observed. Some difficulty was at first experienced in 
arrying out the analysis, since it was found that a solution of the 
ubstance in dilute nitric acid gave no precipitate with medium 
amounts of silver nitrate solution ; indeed, it was at first supposed 
that the substance possessed the formula Hg,O(OH),, which requires 
888 per cent. of mercury, whilst Hg,0,Cl, requires 88°82 per cent., 
'wo estimations having given 88°53 and 88°65 per cent. respectively. 
The fact that the compound suffered no appreciable loss of weight on 
prolonged heating at 110° made it necessary to look for a further 
‘ause than the presence of hydroxide water for the low percentage of 
uercury (HgO requires Hg = 92°59 per cent.), and a few experiments 


Seer we 
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of a qualitative nature soon showed that silver chloride is readily [ionic re 

dissolved by a solution of mercuric nitrate containing free nitric aeid, column 
: As a result of this observation, numerous measurements of the eonseq 

solubility of silver chloride in mercuric nitrate solutions were carriej 

out, and only when the experimental work was practically completed 

the authors became aware of the fact that measurements of a similay 1, 

nature had been executed by H. Morse in the Leipzig laboratory 

with the object of determining the dissociation constant of mereuric 

chloride (Zeitsch. physikal. Chem., 1902, 41, 709). 


b> 


Despite this fact, it may be worth while to record the new observa- 3. 
tions, since different concentrations have been employed and the 
influence of varying amounts of nitric acid has been studied. In ‘. 
calculating the dissociation constant of the mereury-chlorine complex 
contained in the solution, a different method has been adopted, the Mors 


constant so determined, whilst of the same order as that given by jm ‘ver ¢ 
Morse, being appreciably greater in magnitude. and we 

One of the first observations relating to mercury salts and silver im ‘ining 
halides is due to Gay Lussac, who noticed that the former hindered nitrate 
the titration of chlorine by means of silver nitrate. Wackenroder My *patat 
(Annalen, 1842, 41, 317) observed that the silver halides dissolve fm */air ¢ 
comparatively easily in mercuric nitrate solutions, and Stas (Ann, chloride 
Chim. Phys., 1874, [v], 3, 179) made a few estimations of thes satisfac 


solubilities. The fundamental cause only became apparent on the mercur’ 
acceptance of the theory of ionic dissociation ; the solubility of silver coeflicie 
chloride in water is such that one may assume a practically complete toluene 
dissociation of the silver chloride, but if ions capable of discharging for K, 
the chlorine ions be added to the solution, more silver chloride will results 
dissolve in order to preserve the constancy of the solubility product 0 

sidera 


for this salt. This was recognised by Luther (Zeitsch. physikal. Chem, 
1901, 36, 402), who suggested that the extent of the ionisation of HgCl 


the mercuric chloride could be determined by measurement of the creased 
solubility of silver chloride in mercuric nitrate solution, for, since the former 
solubility product of silver chloride is known, one immediately obtains Subs 
a measure of the concentration of the chlorine ions, silver salts being lished 1 
almost completely ionised in fairly dilute solutions. place; 
The concentration of the mercury ions is not such a simple matter by this 
to evaluate, as one is left in some uncertainty as to the extent 103), a 
which the mercuric nitrate is ionised. Morse (Zeitsch. physikal. Chem., 47, 10 
1902, 41, 709) obtained an approximate value by finding the lowering J “° hy 
of freezing point of normal and decinormal solutions of nitric acid by attenti 
corresponding amounts of mercuric nitrate, and concluded that in both 1899, ¢ 
4 mere! 


cases about 04 of the mercuric nitrate present was ionised to mercuri- 
ions, Hg’’. With the values obtained for the concentration of the 
mercury and chlorine ions, Morse was enabled to test which of the J and eg 
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ini¢ reactions represented by the equilibrium equations in the first 
wlumn was chiefly responsible for the removal of the chlorine ions and 
consequent solution of the silver chloride : 


Equilibria. Corresponding Constants. 
emai ee , H coe x (cr? = 
I, == Hg" +201 Bigs Ir? 
—- . ’ HgCl"] x (Cl’] 
2, HgCl, = HgCl' +Cl [HgCl"] x [Cl] _ 
met 2 [Hgcl,| ~ 


[Hg""]« [Cl] _Ki_, 
(Hgcl] ~K,~°* 
[Hg""]x[HgCl,] Ky _ 
(HgCl'P ~ K? 


3, HgCl’ = Hg" + Cl’ 


4, Hg’ + HgCl, = 2HgCI K, 
Morse’s procedure consisted in either digesting a known weight of 
silver chloride with mercuric nitrate solution containing free nitric acid 
and weighing the excess of undissolved material, or else solutions con- 
taining known amounts of silver nitrate, mercuric chloride, and mercuric 
nitrate were shaken together and the amount of silver chloride which 
separated was estimated. Out of five series of experiments, four gave 
afair constancy of K,, whilst in the set where the amount of mercuric 
chloride was varied and considerable quantities of this salt were employed, 
atisfactory values were not obtained. In this case, much of the 
mercuric chloride was quite undissociated, but by means of partition 
weficient experiments on this salt, using toluene and water and 
toluene and mercuric nitrate solution as solvents, values were obtained 
for K, and K,, and then, on applying the necessary correction, the 
results came fairly into line with those obtained in the other series. 
Morse concludes that where the excess of mercuric nitrate is con- 
siderable, the chlorine is almost entirely present in the form of 
HCl’ ions, but that when the amount of mercuric chloride is in- 
creased relatively to the mercuric nitrate, a considerable amount of the 
former is present in an undissociated condition. 

Subsequently, Sherrill (Zeitsch. physikal. Chem., 1903, 43, 705) pub- 
lished measurements of the extent to which complex ion formation takes 
place; the interpretation of the results afterwards underwent revision 
by this author, who had overlooked Morse’s paper (ibid., 1904, 47, 
103), and Luther utilised the results which had been obtained (ibid., 
47, 107) to estimate the extent to which solutions of mercuric chloride 
are hydrolysed. This aspect of the case had previously occupied the 
attention of Ley (Ber., 1897, 30, 2192; Zeitsch. physikal. Chem., 
1899, 30, 247), Luther considers that the hydrolysis occurring in 
‘mercuric chloride solution takes the course 

2HgCl’ + H,O =(HgCl),0 + 2H’, 


aod estimates that undissociated mercuric chloride and various ions 
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are present in a saturated solution of this salt at 25° in the following 
amounts expressed in mols. per litre: 


ext ooninains 2°6x 107 | | Eee 1°5 «10-4 
te 33x 10-4 a 10x 10-8 
Hg,Cl,O ......... 17x 107 | RON occeresicens 5-0 «10-8 
SP icncsccinen: Se | 


In our experiments, we studied the effect of known amounts of 
nitric acid on the solubility of silver chloride in mercuric nitrate, anj 
found that the more the acid was increased, so much less of the halide 
was dissolved. The decrease was, however, small, and, if we conside 
the equilibria likely to be established in solutions strongly acidified 
with nitric acid, the result seems fairly easy of explanation : 

(a) Hg(NO,), — Hg(NO,)° + (NO,)’ = Hg” + 2(NO,)’. 
(6) AgNO, — Ag’ +(NO,)’. 

(c) Hg’*+Cl’ — HgCl’. 

(d) Hg(NO,)° + Cl’ — Hg(NO,)Cl — HgCl’ + (NO,)’. 
(e) Ag’ +Cl' — AgCl (precipitated). 

Addition of nitric acid will have a double effect, in that it will 
diminish the dissociation of both the mercuric and silver nitrates. The 
first effect (a) would result in a greater precipitation of silver chloride, 
the mercury salt being less active in removing chlorine ions, The 
second effect (4) would necessitate less silver chloride being precipi 
tated, the concentration of the silver ions being diminished. The 
two effects thus partly neutralise one another, the effect due to 
decrease in the ionisation of mercuric nitrate somewhat outweighing 
that due to the decrease in the ionisation of the silver nitrate (se 
table IV). 

Another effect of the nitric acid will be to diminish the hydrolysis 
of the mercuric nitrate. In none of our experiments can this 
hydrolysis be sufficient to affect the results appreciably, for we 
have taken three equivalents of nitric acid as a minimum for tle 
solution of one equivalent of mercuric oxide. 

Two corresponding sets of experiments were carried out in which 
the amounts of mercuric nitrate and nitric acid were kept constasl, 
and either the amount of silver nitrate was increased whilst the 
hydrochloric acid was kept constant, or the latter was varied whilst 
the same amounts of silver nitrate were taken. The results showel 
that practically the same amount of precipitate was produced unde 
these conditions by 2 molecules of hydrochloric acid and y molecuies of 
silver nitrate, or by « molecules of the latter and y of tie forme. 
Since each molecule of silver nitrate gives only one silver ion, the 
molecules or ions from which the chlorine ions are supplied must 
evidently furnish one such ion apiece. If they arose directly from 


CHLORIDE IN MERCURIC NITRATE SOLUTION. 1409 


the added hydrochloric acid, no further comment would be necessary, 
ince one molecule of hydrochloric acid of necessity furnishes one 
dlorine ion. But, as we know, the ionised hydrochloric acid and 
nercuric bitrate interact with formation of a complex from which but 
few chlorine ions are produced, and if ” chlorine ions were used in pro- 
jucing one of these complexes and one chlorine atom were more readily 
st free as an ion from this complex than the remaining x — 1, it is 
erident that the addition of equivalent amounts of hydrochloric acid 
aud the strongly ionised silver nitrate could not be equally efficacious 
in the precipitation of silver chloride. ‘This argument would not hold 
fallthe » chlorine atoms of the complex (ion or salt) were split off 
with equal readiness ; this, however, would be out of the question even 
if the work of Morse and Luther, which shows that the dissociation 
constants for the two chlorine atoms of mercuric chloride have different 
values, had not been carried out. We thus arrive at the same general 
conclusion as Morse: “ Falls wir Merkurinitrat in grossem Ueber- 
sbusse haben, ist Chlor fast nur in Form von HgCl’ ion vorhanden ” ; 
and even with quite a moderate excess of mercuric nitrate, so small is 
the ionisation of the HgCl° complex that we may safely put its 
eneentration equal to that of the chlorine remaining in the solution. 
The variation:in the solubility of silver chloride in solutions of 
nercuric nitrate with proportionate amounts of free nitric acid has 
also been studied ; the results are given in table V and are used for 
the determination of the constant 

x, = (He) x (01) 
; [HgCl"| 
vhich we find to be 5°3x 10-8, whilst Morse gives the value 
39x 10-8, 


’ 


EX PERIMENTAL, 


Reagents Employed.—The water used in these experiments was 
distilled from a tinned-iron vessel, condensed in glass, and stored in a 
tubulated glass bottle; both condenser and bottle have been used 
uclusively for this purpose for some years past. The water was not 
if the degree of purity that would be employed for conductivity 
riments, but showed no traces of iron, sulphates, or chlorides. 

The nitric acid was prepared from commercially pure nitric acid 
). gr. 142), which, after slight dilution and addition of silver nitrate 
i carbamide, was distilled from apparatus entirely of glass with 
estos lutings. The first fractions were rejected, and all specimens 
ere quite colourless. 

The hydrochloric acid (commercial pure fuming) was diluted with 
her more than its own weight of water and redistilled, the first 
tion again being rejected. 
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Both acids were diluted, the nitric acid to just over 2NV or 5Y, and (15:28) 
the hydrochloric acid to slightly above 2, and the strength accurately MM ja the 
j determined by means of standard baryta. In 

The mercuric nitrate solutions were made by dissolving weighed IMM pitric 
amounts of mercuric oxide (precipitated by potassium hydroxide from JM jisolr 
mercuric chloride, thoroughly washed, and dried, first, at 130° and then Mi grst co 
over sulphuric acid for a fortnight) in known quantities of pure nitric 
acid, 

The silver nitrate was a pure commercial sample. 

Experimental Procedure.—In studying the reaction between chlorides Mm !20- 
and silver nitrate in presence of mercuric nitrate, the following pm- a 
cedure was adopted: Solutions of mercuric nitrate, silver nitrate, and 1:08 
hydrogen chloride, all of known strength, were taken in the requisite 
proportions, the volume made to 100 ¢.c. with distilled water, and the 5-40 
solution and precipitate gently agitated in a thermostat at 25° fori 9 


Wei 


five hours. The precipitate being finely divided to begin with, the on 
time mentioned was found to be ample for the establishment of equili- # 
brium ; in tables Il, 1V, and V several cases are given where the ” 
experiments have been executed in duplicate or triplicate ; the con- As 


cordance of the results in these cases points plainly to the reliability i proport 
of the experimental results. The temperature-coefficient of the solu- gM precipi 
bility of silver chloride in mercuric nitrate being considerable, a far i “her ¢ 
sized thermostat in which the temperature could be maintained for MM elect 0 
several hours between 24°97° and 25-05° was employed. in each 
To estimate the silver chloride which had been precipitated, the MM sms | 
liquid was rapidly filtered through an Allihn tube closed with platinum J gam A 
gauze and a plug of washed asbestos, the precipitate washed succes- with tw 
ively with dilute nitric acid and water, the tube and its contents 005 me 
dried, weighed, and roasted in a current of hydrogen to a constant [iM (ill ex 
weight. In caleulating the results, it was found that better con precipit 
cordance was obtained by using the weights of silver than of silver 
chloride, for a small amount of mercury salts is always retained by 
the asbestos and prolonged washing is dangerous on account of the — 
solubility of the silver chloride. 


er 
It was necessary to show, however, that the precipitate produced i - 
these solutions actually consisted of silver chloride, and did not conta 0-0 
appreciable amounts of a silver mercurichloride (or mercurinitrate) be 
A number of experiments were accordingly made in which the limits te 
of the concentrations covered those of the different reagents stb- 02 


sequently employed ; the precipitates were collected in Gooch crucibles, 
but not washed, as decomposition of double salts might ensue. After In te 
drying, a portion of each precipitate was reduced in a current MF of merc 
hydrogen and the resulting silver weighed. The percentage of silv@ i chloric 
necessarily falls in each case below the theoretical for silver chloride MM the tota 
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(15°28), but the results leave no doubt as to the absence of double salts 
iy the precipitate (Ag,HgCl, requires Ag = 38°70 per cent.). 

In each case (table 1) the total volume was 100 ¢.c.; the weights of 
nitric acid in the second column give the ¢ota/ nitric acid used to 
jisolve the mercuric oxide, of which the weight is recorded in the 
frst column. 


TABLE [, 
Analysis of residues, 

Weight (in grams) of substances taken. < — —~ : — 
—_ aloe recipitate g 
Hy. HNO3. HCl. AgNO,. ~" reduced. Ag found. per cent. 
108 1°8906 0°0365 01699 00309 0°0231 74°75 
1°08 1°8906 0°0729 0°1699 0°0871 0°0652 74°86 
1°08 1°8906 0°0365 0°3398 00847 0°0633 74°73 
1°08 1°8906 00911 0°4248 0°2133 0°1572 74°05 
540 9°4530 0°0911 0°4248 0°0835 0°0617 73°89 
540 9°4530 0°0911 1°3595 0°2211 0°1648 74°54 
540 9°4530 0°3646 0°4248 0°2322 0°1734 74°68 
270 4°7265 0°2279 0°4248 0°2688 0°2012 74°85 
270 4°7265 0°0911 1°3595 0°2814 0°2106 74°8 
108 1°8906 0°2279 0°4248 0°3023 0°2268 75°02 
108 1°8906 0°0911 0°8497 0°2751 0°2066 75°10 


As pointed out in the introduction, addition of equimolecular 
proportions of hydrogen chloride or silver nitrate promote the 
precipiation of-silver chloride to practically the same extent if the 
other components are kept constant in amount. In table II the 
diect of adding increasing amounts of hydrochloric acid is recorded ; 
ineach case, 100 ¢.c. contained 1°08 grams of mercuric oxide, 1°8906 
grams of nitric acid, and 0°4248 gram of silver nitrate (=0 2698 
gam Ag). Assuming that one molecule of mercuric oxide combines 
with two molecules of nitric acid, we should have a concentration of 
005 mercuric nitrate, 0°025 silver nitrate, and 0°20 free nitric acid 
all expressed in gram-molecules per litre) were it not for the 
precipitation of silver chloride, 


Tas.e II. 
HCl added. 


Ag remaining in solution. 


7: 


Gram Mols. Ag precipitated as Gram Gram-atoms 
per 100 c.c, per litre. AgCl (in grams). per 100 c.e. per litre. 


Mean 

00911 0°025 0°1703 a ' “0095 

0-091] 0-025 0°1696 } 0°1700 0°0998 0°00924 
0°1094 0°03 0°1943 0°0755 0°00699 
01458 0°04 ‘ 0°2195 0°0503 0°00466 
01823 0°05 0°2347 0°0351 0°00325 
0 2279 0°0625 0°2447 0°0251 0°00232 
02917 0°08 0°2532 0°0166 0°00154 


In table III the results are recorded starting with 1:08 grams 
of mercuric oxide, 1°8906 grams of nitric acid, 0°0911 gram of hydro- 
thlorie acid, and varying the amount of silver nitrate in the solution, 
the total volume as in the last set of experiments being 100 c.c. 


i 
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Taste ITI. 


AgNO, added. Cl remaining in solution, 
) ~ ; -_ a enn 
Grams Mols. Cl (in grams) pre- Gram Gram-atoms ( 
per 100 c.c, per litre. cipitated as AgCl. _ per 100 c.c, per litre, per 
0°4248 0°025 0°0557 0°0329 000924 1 
0°5098 0°030 0°0640 00246 0°00697 2 
0 6798 0°040 0°0726 0°0160 0°0045] 3 
0°3497 0°050 0 0772 0°0114 0°00322 3 
1°3595 0°080 0°0831 0°0055 0 00156 3 
4 
The results of these two series of experiments are plotted in 4 


Fig. 1. 


The symmetry of the curves leaves little doubt that the complex hw 
furnishing the chlorine ions contains but one chlorine atom per con- bet 
results 
Fic. 1. derive 
> i > Morse 
‘= ' 2S 
s ' “s be tak 
: 3 : fact, b 
. 2 to 20 | 
3 1 ea mercul 
& 3 extent, 
~~ be § concen 
os ' =2 Ine 
='s ' 6 x> 
s 1 me. employ 
.? wu concen 
= = expres 
2 | 8 
3 3 where 
5 “7 Morse, 
5 oe " 3 tion o} 
80 70 60 50 40 302530 40 50 60 70 80 the 0 
AgNO, constant=0°025 mols. per litre. | HCl constant =0°025 mols. per litre. 
HCl variable, Mols. x 10-3 per litre. | AgNO, variable. Mols. » 10-* perlite. i equal 
the cor 
plex. The result is interesting as confirming Morse’s conclusion from with t 
a different point of view. quantit 
Before proceeding to the results which lead to a value for the Ji The sil 
dissociation constant dilutio: 
[Hg] x [Cl] Lib an 
[HgCl"} ° ° We: 
the effect of varying amounts of nitric acid on the solubility of silver 
chloride in mercuric nitrate has to be noted (table LV). 
In each case, 100 ¢.c. contained 1°08 grams of mercuric oxide, 0-0911 : 
gram of hydrochloric acid, and 0:4248 gram of silver nitrate, the ads 


mercuric oxide having been dissolved in the amount of nitric acid 197); B 
. . . . i : 
given in the tirst and second columns, VOL. 
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TABLE LV. 


HNO, total. As remaining in solution. 
: Gram Mols. Ag (in grams) pre- Gram Gram-atoms 
pr100c.c. per litre. cipitated as AgCl. per 100 c.c. per litre. 
1°8906 0°30 0°1700 0°0998 0°00924 
2°5208 0-40 0°1726 00972 000901 
31510 0°50 0°1750 0°0948 0-00878 
37812 0°60 0°1757 | o.y-R ; Fone 4 
4°4214 0°70 0°1770 \ n.47¢ - : 


That increase in nitric acid content should slightly increase the pre- 
cipitation of the silver chloride has been already mentioned, and the 
results, although somewhat irregular, certainly bear out the conclusion 
derived from theoretical considerations. The statement made by 
Morse that in his experiments four-tenths of the mercuric nitrate may 
be taken as dissociated, must be regarded as a near approximation ; in 
fact, he says, the value may be affected with an error of 10 per cent. 
to 20 per cent. It is evident from general considerations that normal 
mercuric nitrate in normal nitric acid must be dissociated to a less 
extent than when the two substances are both decinormal in 
concentration. 

In estimating the dissociation constant of the HgCl° ion, we have 
employed a radically different method of finding its value. The 
concentration of the chlorine ion in the solution is given by the 
expression 

[Ag’] x [C1] =P 

where P? is the solubility product of silver chloride; this, like 
Morse, we have taken as (1°35 x 10~°)? at 25°.* Now this concentra- 
tion of the chlorine ion is of a low order, consequently we may take 
the concentration of mercuric nitrate (ionised or non-ionised) as 
equal to the total concentration of the mercuric salt diminished by 
the concentration of the chlorine, which latter is necessarily identical 
‘m HF vith the concentration of the silver in the solution if equivalent 
quantities of hydrogen chloride and silver nitrate have been used. 
The silver can be assumed to be entirely in the ionic condition at the 
dilutions employed without introducing any sensible error (compare 
lib and Nernst, Zeitsch. physikal. Chem., 1888, 2, 948). 

We thus have 

[Ag’] x [Cl’]=P2=2(136x10-5)? . . . .. . (1) 
[HgCl"]=[Ag’]-[Cl’]J=[Ag’] . . .... . (2), 

* For the solubility of silver chloride, see Hollemann (Zeitsch. physikal. Chem., 
1898, 12, 125) ; Kohlrausch and Rose (ibid., 12, 234); Kohlrausch (ibid., 1903, 44, 
1%); Bottger (ibid., 1903, 46, 521; 1906, 56, 83). 

VOL. XCIII, 5 A 


7 


Ge: er 


1414 RUTTLE AND HEWITT: SOLUBILITY OF SILVER 


since the concentration of chlorine ions is negligible compared with 
that of silver. 
Also, if ¢ is the factor of dissociation, 
[Hg")=i[Hg(NO,).] - 6. ee ee ew + (3), 
The quantities in square brackets refer to concentrations expressed 
as gram-molecules (or gram-ions) per litre. 


Now ; 
[Hg*"} x [Cl] _ K 
1° 3? 
[HgCl'} 
and introducing the values for these concentrations given by equations 
(1), (2), and (3), the expression reduces to 
. i x [Hg(NO,),] , 
K,= oat B\ N82) _ x P2 = iyP?, 
* [Ag’}i[Ag’] - [Cl'} 


y= —__LHa(NO,),} _ 
[Ag Ji[Ag’]-[Cr}} 

This expression gives a ready means of determining whether ¢ is 
approximately constant. In table V, the numbers refer to solutions 
to which had been added 0°0911 gram of hydrogen chloride and 0:4248 
gram of silver nitrate per 100 c.c., that is, would have been 0:0257 
with regard to these two constituents if no precipitation had taken 
place. The first two columns give the weight of mercuric oxide pe 
100 ec.c. and total atomic concentration of mercury. The third 
column is the weight of nitric acid (grams per 100 c.c.) used for 
solution of the mercuric oxide, and the fourth gives the weight of 


where 


TABLE V. 
HNO, Ag remaining 
HgO introduced. (grams per in solution. 
a . ~ 100 c.c.) co , % 
Grams Mbols. used to Weight of Ag Grams y= 
per per litre= dissolve (grams per100¢.c.) per {Hg(NO,),] 


100 c.c, Hg(NO,).. HgO. contained in AgCl. 100¢.c. [Ag*]. (Ag*}(Ag HCl] 
054 07025 0°9453 071965) 
0°54 0°025 0°9453 =0°1954;-0°1960 0°0738 0°00684 388 
0°54 0°025 0°9453 0°1962 


1°08 0-050 18906 0°1703 ’ 
1°08 0-050 1°8906 0-1698 ¢2'1700 0:0998 0700924 477 
1°62 0-075 2°8359 0°1524) 

1°62 0°075 2°8359 0°1515}0°1521 0°1177 0°01090 540 
1°62 0-075 2°8359 0°1525 

2°16 0-100 3°7812 0°137 a ; : 
216 0100 sina 0.1378 f0°1375 01323  0°01226 584 
2°70 0°125 4°7265 0°1239 | - 
2°70 0°125 4°7265 + 0°1226'-0°1233 0°1465 0°01357 605 
2°70 0°125 4°7265 0°1234 

3°24 0-150 5°6718 0°1096 : 

4°32 0-200 7°5624 0°0846 0°1852 0°01716 621 
5°40 0250 9°4530 0°0650 0°2448 0°01897 642 


Values of y. 


598, 
disse 
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with silver in the silver chloride precipitated. The fifth and sixth columns 
refer to the silver remaining in solution. The seventh column gives 
the values of the concentrations of mercuric nitrate (corrected for the 
Hg(l') divided by the square of the concentration of silver (y), and 
this, as we have seen, should be a constant figure if the ionisation 
factor is itself constant, since P? cannot vary. Thus the number in 
the first horizontal row and seventh column is calculated from the 
other numbers in this horizontal row in the following manner : 
0:02500 — 0:00684 
~~ (000684) 
It may be pointed out that the mean value of the last column is 


‘ions 


Fie, 2. 
700 
1 is 600F¢ 
tions 
1248 , 
~) 
95N > 500P 
aiken g 
> per C 
hird 400 
for / 
tof 4 
/ 
300 F 
i 7 A a 
0°05 0°10 0°15 0°20 0°25 
Values of x. 


508, and if, following Morse, one assumes a value of i=0'4, then the 
lissociation of the HgCl* complex should be 

558 x (1°35 x 10-5)? x 0°4=4:0 x 107°. 
This value agrees fairly closely with the number given by Morse, 
but obviously cannot be taken as anything more than an approxima- 
tion, as the figures in the last column are by no means constant. 
In Fig. 2 the values of y are plotted against the corrected concentra- 
tions of mercuric nitrate, x’ (that is, the numbers of column 2 dimin- 
ished by those of column 6), and, as will be noted, the points lie on a 
smooth curve, 
Now, as the concentrations of mercuric nitrate approach zero, ¢ 
approaches unity, so that, if we extrapolate for a limiting value when 
[Hg(NO,).]=0, 

5A 2 


See 
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we shall obtain a limiting value for y, which, multiplied by P2, givgs 
the dissociation constant of HgCl’. 
Using an expression 
y=a+ba+ca*? + dx 
and solving for the coefficients with the values of x, given by the first 
four rows, we obtain 
a= 292.* 


Using this value, we have, as a final result, 

K, = LHe") « (Cl) _ 999 x (1-35 x 10-5)2= 5:3 x 10-8, 
| HgCl ] 

This number, it will be noticed, is of the same order of magnitude, 
but about 50 per cent. greater than that given by Morse. 

Further, the values of a/y give a rough estimate of the extent to 
which the mercuric nitrate is dissociated ; with the solution containing 
the least amount (0°025 mol. per litre), this is 0°75, and with the 
solution containing 0°1 mol. per litre the value becomes 0°5. With 
the more concentrated solutions, the effect of the nitric acid in dimin- 
ishing the ionisation of the mercuric and silver nitrates is probably 
appreciable, and may account for the form of the curve at the higher 
concentrations. 
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CXNXVIL—TZhe cis- and trans-Modifications of 1-Methy- 
cyclohexan-2-ol-4-carboxylic Acid and their Coi- 
version into 1-Methyl-A'-cyclohexene-4-carborylic 
Acid. 


By Anprew Norman Me tprum (Carnegie Research Fellow) and 
WicvtiaM Henry PERKIN, jun. 


1-Metnyt-A!-cycloHeXENe-4-CARBOXYLIC acid has already _ heen 
prepared synthetically (Trans., 1904, 85, 418) by the following series 
of reactions : 

Ethyl sodiocyanoacetate is converted by treatment with ethyl 
B-iodopropionate into ethyl y-cyanopentane-aye-tricarboxylate, 

(CO, Et-CH,*CH,),C(CN)-CO,Et, 
which, when hydrolysed by hydrochloric acid, yields pentane-ayett 
carboxylic acid. 

This acid is decomposed by boiling with acetic anhydride and 


* b=6087; c= -— 43200; d=134500. 
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subsequent distillation into cyclohexanone-4-carboxylic acid 6-keto- 
hexahydrobenzoic acid), 


00,H-CH, “ore CH, CH, 


the ester of wth reacts with magnesium oie iodide and the 
roduct, on treatment with water, yields 1-methylcyclohexan-1-ol-4- 
carboxylic acid (5-hydroxyhexahydro-p-toluic acid) : 

CH,-CH, 


CH, COOH)< Gj". CH. 


2 >CH-CO,H. 

The yield of this acid was always most unsatisfactory, a fact which 
was subsequently (Trans., 1907, 91, 372) found to be largely due to 
the formation of considerable quantities of terpin and other neutral 
substances. The next step in the synthesis was the conversion of the 
hydroxy-methyl acid into 1-bromo-1-methyleyclohexane-4-carboxylic 
aid (§-bromohexahydro-p-toluic acid) by the action of hydrobromic 
acid, and, finally, the bromo-acid, when treated with weak alkalis or 
pyridine, yielded 1-methyl-A!-cyclohexene-4-carboxylic acid : 


CH, CBr oP oH OH CO,H —> CH, CSE. oH cr: -O0,H. 


It will be readily understood that this method of preparation is 
most laborious, and, as the yield is so small, it was found to be 
practically impossible to obtain this acid, by this process, in quantities 
suicient for a further series of synthetical experiments which are in 
contemplation. We therefore decided to attempt to devise a more 
convenient method of preparation, and in this we were ultimately 
successful. 

The starting-point is p-toluic acid, which is converted by sulphonation 
into 2-sulpho-p-toluic acid, and then by fusion with potassium hydroxide 
into 2-hydroxy-p-toluic acid (1) : 


OH 
= cy —CH(OH): CH, ; 
cH,C 00,1 CH, CH<on. one »>CH-CO,H. 


(L) (II. ) 


This acid is readily reduced by sodium and alcohol, and converted 
into the corresponding 1-methylcyclohexan-2-ol-4-curboxylic acid (11). 

It is interesting to notice that this addition of six atoms of hydrogen 
to -hydroxy-p-toluic acid results in the formation of a hexahydro-acid 
containing three asymmetrical carbon atoms, which, therefore, should 
be capable of existing in four inactive modifications. 

On carefully examining the product of reduction, we were only 
able, however, to isolate two acids, of melting points 132° aud 161° 


See 
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respectively, and there can hardly be a doubt that these are the cis. 
and ¢rans-modifications corresponding with the formule : 


OH a H OH u on 
ony cH OHO, >e and Hy cH CECH Ther 
con tte 
: dily 
Of these, the more soluble acid melting at 132° is evidently the ¢is. e 
modification, since it yields a lactone (m. p. 30—33°) which, on hydro. 
lysis, is again converted into the same acid. 
On the other hand, the much more sparingly soluble acid melting at 
161° distils under reduced pressure (20 mm.) almost without 
decomposition, but, when slowly heated under ordinary pressures, it is 
gradually converted into the lactone of the acid of melting point 132°. 
The cis- and trans-hydroxy-acids react readily with hydrobromic acid The ¢ 
with formation of the corresponding cis- and trans-2-bromo-1-methyl- difficult 
cyclohexane-4-carboxylic acids, ]-methy 
qq CHBr-CH Under 
CHyCH< oy. —oH oc CO,H, evident! 
which are isomeric with the 1-bromo-acid previously prepared (p. 1417) entirely 
and, like this acid, both yield 1-methyl-A’-cyclohexene-4-carboxylic 
acid, 
CH-CH, ‘ 
CHyC<o yy CHOC ‘CO,H, 
by elimination of hydrogen bromide. The s 
It was thought probable that one of the modifications of the bromo 9 ot by I 
acid might lose hydrogen bromide with formation of the A*-acid, but J “idint 
there was no evidence of this and the elimination apparently takes Subse 
place entirely in the direction of the methyl group. sulphoni 
We have now been able to work out a method, based on the above it is co 
facts, for the preparation of 1-methyl-A'-cyclohexene-4-carboxylic acid quantiti 
which is less laborious than that described at the beginning of this process } 
paper, and this method is described on p. 1425. p-Tolu 
During the course of this ‘investigation we studied the action of (wonohy 
oxidising agents on the cis- and trans-modifications of 1-methyleycl temperat 
hexan-2-ol-4-carboxylic acid and obtained interesting results which The p-t 
may be briefly summarised as follows. sulphona 
The cis-acid is rather readily attacked by chromic acid mixture 9% "er (6 
with formation of 1-methyleyclohexan-2-one-4-carboaylic acid (y-keto ander to 
hexahydro-p-toluic acid), i u 
aw .cwCO-CHe, € mass 
CH,-CH<, HCH 20 H-CO,H, sid of th 
which melts at 112—113° and yields a sparingly soluble semicarbazone concentra 
(m. p. 195°) and a sparingly soluble oxime (m. p. 186°). When this 8 obtair 


Mie. .. | 
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yid is oxidised by chromic acid, it is converted into a new keto- 
jitasic acid, C,H,,0,;, which melts at 120° and yields a semicarbaeone 
ghich decomposes at 183° and a readily soluble oxime (m. p. about 
0°). 

a can be no doubt that this acid is B-carboxy-d-acetylvaleric 
wid, CH,*CO*CH,*CH,*CH(CO,H)-CH,°CO,H, and its formation is 
radily explained by the following scheme : 


CH,-CH<Cpr CH > CH-C0,H “i 


' O—CH,, 1 ‘ 

CH, COOH) oy oy C00, wip 

CO,H:CH, 

CH,*CO-CH,°CH, 

The trans-hydroxy-acid is attacked by chromic acid with much more 

dificulty than the cis-modification, and we were unable to isolate 

|-methyleyclohexan-2-one-4-carboxylic acid as a product of oxidation. 

Under the conditions which had to be employed, this latter acid 

evidently undergoes further oxidation, since the product consisted 
entirely of B-carboxy-5-acetylvaleric acid. 


>CH:CO,H. 


2-Sulpho-p-toluic Acid, CH, — YCO,H. 


The sulphonation of p-toluic acid appears to have been first carried 
out by Fischli (Ber., 1879, 12, 616), who prepared 2-sulpho-p-toluic 
acid in this way and examined several of its salts. 

Subsequently Weinreich (er., 1887,’ 20, 982) investigated this 
sulphonic acid and showed that, when fused with potassium hydroxide, 
it is converted into 2-hydroxy-p-toluic acid. In preparing large 
quantities of 2-sulpho-p-toluic acid we have found that the following 
process yields excellent results. 

p-Toluic acid (200 grams) is heated with fuming sulphuric acid 
(monohydrate, 500 c.c.) in a strong flask on the sand-bath, the 
temperature being kept at 150° by a regulator placed in the mixture. 
The p-toluic acid dissolves in the sulphuric acid and is readily 
wlphonated, and, after eight hours, the cold product is mixed with 
water (650 c.c.), when the sulphonic acid crystallises at once. In 
oder to obtain it in a better condition for filtering, the whole is 
teated until solution is complete and then allowed to cool slowly. 
The mass of crystals is then collected on glass wool or flannel by the 
uid of the pump, dissolved in hot water (600 c.c.), the solution filtered, 
‘neentrated, and allowed to crystallise, when the pure sulphonic acid 
8 obtained in a yield of about 380 grams. Meyer and Baur 


es: rn 
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(Annalen, 1883, 220, 19) state that this sulphonic acid has thy filtrat 
composition C,H,O,,8O,H,2H,O, and that, when exposed oye ates a 


sulphuric acid in a vacuum desiccator, it loses water and become The 
C,H,0,,80,H,H,O, but our analytical results do not confirm this which 
statement. We crystallised two different specimens of the sulphonic being 
acid from glacial acetic acid and, after allowing the crystals to remaiy in ste: 
in the air until free from acetic acid, the composition was determined culty : 
by titration with standard sodium hydroxide. the fu 
I. 0°224 neutralised 0-077 NaOH. Equivalent = 116-1. Proba 

II. 0°628 . 02147 NaOH. a =116°8. acid, 
The equivalent of C;H,0,,SO,H,H,O is 117. potass 


Some of the acid was then crystallised from water, from which it 
separated in slender, colourless needles which, after drying in the air 


at the ordinary temperature, gave the following results on titration: The 
TI. 0°5426 neutralised 0°1596 NaOH. Equivalent = 135-9. modifi 

I. 0°3016 90 0:0895 NaOH. ” = 1347. with | 
The equivalent of C,H,0,,SO,H,3H,O is 135. tions. 

It appears therefore that the sulphonic acid crystallises from water (1250 
with 3H,O and from acetic acid with 1H,0. the so 
The barium hydrogen salt, (C,H,0,S),Ba,5H,O.—This characteristic quick) 
salt is readily obtained when the solution of the sulphonic acid was m1 
(5 grams) in water is digested with barium carbonate, filtered, and the hydro 
hot filtrate mixed with 5 grams of the sulphonic acid. On cooling, the many 
sparingly soluble salt separates in brilliant flat plates, and tl 
0-8972 gave 0°3190 BaSO,. Ba=20-9. Ps - 
0°6918 neutralised 0°0842 NaOH. Equivalent = 328°3. The 
(C,H,O,S),Ba,5H,O requires Ba=20°82 per cent. and equivalent= are 
328°5. , sen 

OH which 

2-Hydroxy-p-toluic Acid, CH, ~ S00,H. order 

\—% alcoho 

Weinreich (Ber., 1887, 20, 982) prepared this acid from 2-sulpho-p- after 1 
toluic acid by fusion with four times its weight of potassium hydroxide, had se 
but he gives no details of temperature and time of fusion. The ec 
In preparing large quantities of the hydroxy-acid, we have found the methy 
following process to give excellent results. Potassium hydroxide rysta 


(1 kilo.) is moistened with very little water and heated in a large sisted 
nickel crucible at 200° ; the sulphonic acid (356 grams) is then added H  filtrat 
in small quantities at a time, and the temperature gradually raised t . 

260° and maintained at this point until the fusion is perfectly fluid aie 
The almost colourless product is dissolved in water, neutralised with tther 
sulphuric acid, the potassium sulphate removed by filtration, and the crade g 
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filtrate acidified with hydrochloric acid, when the hydroxy-acid separ- 
ates at once in a crystalline condition. 

The mass is collected, washed, and recrystallised from water, from 
which it separates in colourless needles, melting at 206—207°, the yield 
being 187 grams. Weinreich ((oc. cit.) states that this acid is volatile 
in steam, but we found that it was carried over only with great diffi- 
culty; he also obtained terephthalic acid as one of the products of 
the fusion, but none of this acid was formed during our experiments. 
Probably Weinreich’s sulphonic acid contained some unchanged p-toluic 
acid, which would doubtless yield terephthalic acid on fusion with 
potassium hydroxide. 


Reduction of 2-Hydroxy-p-toluic Acid. 


The conversion of 2-hydroxy-p-toluic acid into the cis- and trans- 
modifications of 1-methyleyclohexan-2-ol-4-carboxylic acid by reduction 
with sodium and alcohol was carried out under the following condi- 
tions, The hydroxy-acid (40 grams) was dissolved in alcohol 
(1250 c.c.) in a large flask fitted with a long and efficient condenser, 
the solution heated to boiling, and then sodium (150 grams) added as 
quickly as possible. As soon as the sodium had dissolved, the product 
was mixed with water (300 c.c.), the solution nearly neutralised with 
hydrochloric acfd, evaporated to a small bulk, acidified, and extracted 
many times with ether. The ethereal solution was dried, evaporated, 
and the residue, which on standing becomes: semi-solid, was esterified 
by leaving it in contact with four times its weight of 4 per cent. 
alcoholic hydrogen chloride for forty-eight hours.* 
- The product was dissolved in ether, washed with water and dilute 
sodium carbonate, dried, and fractionated several times under reduced 
pressure, when a large fraction 157—163° (20 mm.) was obtained, 
which consisted of the esters of the mixed cis- and trans-acids. In 
order to hydrolyse this ester, it (90 grams) was dissolved in methyl 
aleohol (200 ¢.c.) and potassium hydroxide (45 grams) in the cold, and, 
after remaining for twenty-four hours, the crystals (27 grams), which 
had separated, were collected and washed with a little methyl alcohol. 
The colourless salt was dissolved in water, evaporated until free from 
methyl alcohol, and acidified, when a solid acid separated, which 
crystallised from water in short prisms, melted at 130—132°, and con- 
sisted of pure cis-1-methyleyclo-hexan-2-ol-4-carboxylic acid. The 
filtrate from the potassium salt was mixed with water, nearly neutral- 


* An alternative method is to leave the semi-solid mass in contaet with porous 
porcelain until free from oil and then to erystallise the residue fractionally from 
ether and then from water. The porous plates are extracted with ether and the 
trade syrupy acid purified by conversion into the ester, &e. 
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ised with hydrochloric acid, evaporated until free from methyl alcohol, 
acidified, and, after remaining for twenty-four hours, the crystalling 


acid was collected, drained on porous porcelain, and crystallised fron a 
ether, from which the pure trans-acid separated in rectangular plates 
melting at 160—161°. The mother liquors yield, on extraction with The 
ether, a mixture of the cis- and trans-acids, which may be separated bromi 
by repeated crystallisation, first from ether and then from water, or not & 
better by converting iuto the ester, fractionating this, and then bath, 
hydrolysing with potassium hydroxide in the way described above, the ic 
As far as could e determined from rough weighings, the cis- and trans. which 
acids are produced in the above process in the proportion, approxi- dry, a 
mately, of 3; 2, 0:28 
Cis-1-Methyleyclohexan-2-0l-4-carboxylie Acid. This 
The preparation of this acid is described in the preceding section. about 
It is much more soluble both in ether and in water than the corre. ileoho 
sponding trans-acid, and separates from water in small, glistening formic 
prisms melting at 130—132°: Wh 
0-1546 gave 0°3430 CO, and 01216 H,O. C=60°5; H=87. oenip 
01551 ,, 03456 CO, , 01233 H,O. C=60°'7; H=8'8. i 
C,H,,0; requires C= 60°8 ; H=8'8 per cent. ” Pe 
The Lactone.—In preparing this substance, the crude cis-acid was onan 
slowly distilled under 20 mm. pressure, when much water was elimin- Lodves 
ated and, after this had passed over, a quantity of a viscid syrup from li 
distilled at about 125—170°, leaving a considerable residue. 0-18 
The distillate was twice fractionated, and yielded a quantity of a | 
colourless oil, which distilled constantly at 128—130°/17mm., and 
solidified completely when it was left for twenty-four hours in the That 
ice chest. y mia 
The crystals were freed from oil by contact with porous porcelain, bexaby 
and washed with a little light petroleum, in which the lactone is melted 
sparingly soluble : 
0°1190 gave 0°2985 CO, and 0°0940 H,O. C=684; H=8%. 
O,H,,0, requires C=68°6 ; H=8'6 per cent. Whe 
This lactone melts at 30—33° and, especially when warm, hasa 9% Vater, | 
pronounced odour of camphor. It dissolves in hot water, yielding 9% plates n 
an acid solution, but hydrolysis takes place only very gradually, since, 0-146 
even after boiling for several minutes, the addition of ammonium 0-16] 
sulphate causes most of the lactone to separate. It was hydrolysed by 
boiling with sodium carbonate, and the solution acidified and extracted Wher 
with ether. The ethereal solution was dried and evaporated, when 4 listils 
crystalline residue was obtained, which, after crystallisation from ducted 
water, melted at 130—132°, and consisted of the pure cis-acid. passes 0 
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9-Bromo-1-methylcyclohewane-4-carboxylic Acid and its Conversion 
into 1-Methyl-A'-cyclohexene-4-carboxylice Acid. 


cis: 


The cis-hydroxy-acid dissolves readily in fuming aqueous hydro- 
hromic acid (saturated at 0°), but the formation of the bromo-acid does 
not appear to take place until the solution is heated on the water- 
path, when it clouds and separates into two layers On standing in 
the ice-chest, the upper layer gradually solidifies to a gelatinous solid, 
which is washed well, left in contact with porous porcelain until quite 
iry, and then crystallised from light petroleum (b. p. 60—70°) : 
02508 gave 0°2129 AgBr. Br=36:1. 

C,H,,0,Br requires Br = 36:2 per cent. 
This cis-bromo-acid becomes red at 105°, melts and decomposes at 
about 118°, and is very readily soluble in formic acid, chloroform, 
alcohol, or benzene. It separates, when its concentrated solution in 
formie acid is cooled in ice, in thin glistening plates. 
When warmed with water it dissolves completely, but decomposition, 
vith elimination of hydrogen bromide, takes place only gradually, even 
when the solution is boiled, 
The cis-bromo-acid is readily decomposed by boiling with five times 
its weight of anhydrous pyridine, and, if the bulk of the pyridine is 
removed by evaporation on the water-bath and the residue mixed with 
hydrochloric acid, a solid acid separates which, after crystallisation 
from light petroleum, melts at 97—99° : 
01817 gave 0°4559 CO, and 01421 H,O. C=685; H=8°7. 
C,H,,0, requires C = 68°6 ; H =8°6 per cent. 
That this acid is 1-methyl-A'-cyclohexene-4-carboxylic acid was proved 
by mixing it with a specimen which had been prepared from $-keto- 
hexahydrobenzoic acid (Trans., 1904, 85, 664), when the mixture 
nelted at 98 —99°, 


trans-1-Methyleyclohexan-2-ol-4-carboxylic Acid. 


When quite pure, this acid is sparingly soluble in ether or cold 
water, and separates from these solvents in glistening rectangular 
plates melting at 160—161°; 

01466 gave 0:3276 CO, and 0:1152 H,O. C=60°8; H=8-7. 
01617 ,, 03608CO, ,, 0:1287H,O. C=608; H=8'8. 
C.H,,0, requires C = 60°8 ; H =8°8 per cent. 

When this trans-hydroxy-acid is heated under 15 mm. pressure, it 
distils apparently without decomposition, but if distillation is con- 
ducted under the ordinary pressure, water is eliminated and an oil 
passes over at about 260°. The distillate was dissolved in ether, dried, 


i 
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and twice refractionated, when a considerable quantity of oil distiljeg 
at about 138°/25 mm. and crystallised on cooling. After draining oy 
porous porcelain the crystals melted at 28—30°, and consisted of the 
U lactone of the cis-hydroxy-acid, since they yielded the cis-acid, melting 
at 129—132°, on hydrolysis. It is therefore possible in this way t 
convert the ¢rans-hydroxy-acid into the corresponding cis-modificatiop, 


trans-2-Bromo-1-methyleyclohexane-4-carboxylic Acid and its Conversion 
into 1-Methyl-A'-cyclohexene-4-carboxylic Acid. 


The trans-hydroxy-acid dissolves readily in fuming hydrobromice acid 
(saturated at 0°) and the solution remains clear for several hours, but 
when heated on the water-bath, separation into two layers readily takes 
place. The product, which showed no signs of crystaliising, was mixed 
with water, extracted with ether, the ethereal solution dried and 
evaporated, and the viscid syrupy residue converted into the ester by 
dissolving in 10 per cent. alcoholic sulphuric acid in the cold. After 
twenty-four hours, the ester was precipitated by water, extracted with 
ether, the ethereal solution washed with dilute sodium carbonate, 
dried, evaporated, and distilled, when the crude bromo-ester passed 
over at about 170—175°/100 mm., but yielded, on analysis, only 
19°6 instead of 32:2 per cent. of bromine. This low percentage of 
bromine is doubtless due to the presence of unsaturated este’, 
produced by the elimination of hydrogen bromide during the prepara- 
tion and purification of the bromo-ester. The oil was now digested 


with diethylaniline (5 vols.) for one hour, the product dissolved in W 
ether, washed thoroughly with dilute hydrochloric acid, and then with ‘isso 
sodium carbonate, dried, and evaporated. The residual oil distilled twels 
almost constantly at about 148°/100 mm., and consisted of ethyl - 
1-methyl-A’-cyclohexene-4-carboxylate : acid 
0°1221 gave 0°3181 CO, and 0:1045 H,O. C=70-9; H=95. aml 
C,oH,,0, requires C=71-4 ; H=9°5 per cent. a 

This ester was hydrolysed by leaving it in contact with alcoholic : 
potash for twenty-four hours, water was then added, the solution oo 
saturated with carbon dioxide, evaporated until free from alcohol, and 7 

ape raises 
acidified, when a solid mass separated, which was collected and iia 
crystallised from dilute acetic acid : frequ 

0°1211 gave 0-3036 CO, and 0:0944 H,O. C=68:4; H=8'6. 
C.H,,0, requires C = 68°6 ; H =8°6 per cent. 

This acid melted at 98—99°, and was 1-methyl-A'-cyclohewene-+ 
carboxylic acid, since, when mixed with a specimen which had been 
prepared on a previous occasion (Trans., 1904, 85, 664), there was Th 
no change in the melting point. dl-4- 
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Preparation of 1-Methyl-A'-cyclohexene-4-carboxylic Acid, 


CH-CH, - 
CH, C<Gu, cH. CH CO,H. 


The crude mixture of the esters of the cis- and trans-modifications 
of 1-methyleyclohexan-2-ol-4-carboxylic acid, obtained as described on 
1421, is fractionated under 20 mm. pressure, and the fraction 
150—170° hydrolysed by methyl-alcoholic potash. The syrupy 
bydroxy-acid is dissolved in five times its weight of fuming hydro- 
bromic acid (saturated at 0°), and, after remaining overnight, the 
lution is heated for half an hour on a rapidly-boiling water-bath ; the 
dark brown product is then poured into water and extracted with 
ether. 

After drying and evaporating, the crude bromo-acid is dissolved in 
five times its volume of 10 per cent. alcoholic sulphuric acid, and left 
fortwo days. The ester is precipitated by water, extracted by ether 
in the usual way, and distilled under 20 mm. pressure, in order to 
wparate it from a considerable quantity of resinous matter which is 
always produced, 

The almost colourless distillate is boiled with four times its volume 
of diethylaniline, the product dissolved in ether, repeatedly extracted 
with a large excess of dilute hydrochloric acid, dried, evaporated, and 
fractionated, when almost the whole quantity passes over at 
147—148°/100 mm., and consists of nearly pure ethyl 1-methyl-A’- 
cyclohexene-4-carboxylate. 

When this ester is left in contact with half its weight of potash 
dissolved in methyl alcohol, hydrolysis rapidly takes place, and, after 
twelve hours the product is nearly neutralised with hydrochloric acid, 
evaporated until free from alcohol, cooled, and acidified, and the solid 
wid collected and washed with water. If the acid is now dissolved in 
aslight excess of dilute sodium carbonate, digested for a few minutes 
on the water-bath with purified animal charcoal, filtered, and reprecipi- 
tated, it is obtained perfectly colourless and pure enough for most 
purposes. In this condition it usually melts at 94—97°, but one 
crystallisation from light petroleum or dilute acetic acid at once 
raises the melting point to 98—99°. The yield of 1-methyl-A'-cyelo- 
hexene-4-carboxylic acid, obtained from 250 grams of p-toluic acid, is 
frequently as much as 70 grams, 


1-Methylcyclohexan-2-one-4-carborylic Acid, 


q7-CO—CH - 
CH,-CH HCH. CHCO,H. 


This acid was prepared by the oxidation of cis-1-methyleyclohexan-2- 
O-4-carboxylie acid under the following conditions : 


a 
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The crude cis-acid (30 grams) was dissolved in water (150 ¢¢) 
and oxidised by the gradual addition of potassium dichromaie 
(40 grams) and sulphuric acid (30 ¢.c.) in water (150 c.c.), the tempera. 
ture being kept at 75° during the operation. The product was 
saturated with ammonium sulphate, extracted with ether in a op. 
tinuous extraction apparatus, the ethereal solution dried, evaporated, 
and the crude, syrupy residue (25 grams) esterified by leaving it iy 
contact with 2°5 per cent. alcoholic hydrogen chloride (100 c.c.) for 
four days. After diluting with water, the ester was extracted with 
ether, the ethereal solution well washed with dilute sodium carbonate, 
dried, evaporated, and the oily residue repeatedly fractionated, when 
about 10 grams of oil were obtained, which distilled constantly at 
146—148°/25 mm., possessed a rather pleasant fruity odour, and 
consisted of almost pure ethyl 1-methyleyclohexan-2-one-4-carhoxylate : 

01801 gave 0:4268 CO, and 01439 H,O. C=646; H=8%8. 

C,)H,,0, requires C=65°2 ; H=8'7 per cent. 

This ester was digested with hydrochloric acid (10 c.c.) and water 
(60 c.c.) for four hours, the clear solution evaporated until free from 
alcohol, saturated with ammonium sulphate, and repeatedly extracted 
with ether. The ethereal solution was then dried and evaporated, 
when a colourless syrup was obtained, which gradually crystallised, 
and, after remaining in contact with porous porcelain until quite free 
from oil, the keto-acid was further purified by crystallisation from ether: 

0°1520 gave 0:3430 CO, and 0°1030 H,O. C=615; H=75, 

C,H,,0, requires C=61°5 ; H=7°7 per cent. 
1-Methyleyclohexan-2-one-4-carboxylic acid melts at 112—113° with 
slight previous softening, and is readily soluble in water. It is 
sparingly soluble in cold ether, but dissolves rather readily in the boiling 
solvent, and separates from the concentrated solution in hard crusts. 

The oxime was prepared by adding hydroxylamine hydrochloride and 
excessof potassium hydroxide to a saturated aqueous solution of the acid, 
After remaining for twenty-four hours, the product was acidified, and 
the crystalline oxime which separated extracted with large quantities 
of ether. The ethereal solution was dried, and concentrated until 
crystals began to separate from the boiling solution : 

01777 gave 13:4 ¢.c. N, at 21° and 758 mm. N=8'5. 

C,H,,0,N requires N = 8:2 per cent. 

When crystallised from ether, this oxime melts at about 186° and 
is characterised by being very sparingly soluble in ether ; it dissolves 
readily in boiling water, and separates from the concentrated solution 
in short prisms grouped together like cactus leaves and melting 
at about 193 —195°. 

The semicarbazone separates immediately, as a granular precipitate, 
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C.¢.), hen the aqueous solution of the keto-acid is mixed with a strong 
nate solution of semicarbazide hydrochloride and sodium acetate. 


era. It was collected, washed with water, followed by alcohol, and dried 
at 100°: 

con. 01060 gave 185 cc. N, at 21° and 756 mm. N=19°7. 

ed C,H,,0,N requires N = 19°7 per cent. 

tin When purified in this way this semicarbazone melted at about 

ie 193—195° with slow decomposition. It is very sparingly soluble in 

with water or alcohol, and separates from much boiling water as a 

he glistening, microcrystalline powder. 

rhen 

Ce B-Carboay-5-acetylvaleric Acid, 


CH,:CO°CH,-CH,*CH(CO,H)-CH,:CO,H. 


It has been pointed out in the introduction (p, 1419) that, whilst 
cis-l-methyleyclohexan-2-ol-4-carboxylic acid is converted into 
|.methyleyclohexan-2-one-4-carboxylic acid by oxidation with chromic 
acid mixture, the corresponding trwns-acid is attacked by the oxidising 
agent with much greater difficulty, and then with formation of 
Beerboxy-8-acetylvaleric acid. The pure trans-acid (6 grams) was 
dissolved in the least possible quantity of hot water, and oxidised on 
the water-bath by the gradual addition of potassium dichromate 
(9 grams) and sulphuric acid (8 c.c.) dissolved in water (50 c.c.). 

As soon as oxidation was complete, the green solution was saturated 
with ammonium sulphate, extracted 10 times with ether, the ethereal 
solution dried and evaporated, when a syrup was obtained which 
gradually crystallised. After remaining in contact with porous 
porcelain until free from traces of oil, the colourless mass was crystal- 


ling lised from ether ; 

> 01492 gave 02800 CO, and 00890 H,O. C=51'1; H=6°6. 

‘i. C,H,,0, requires C=51'1 ; H=6-4 per cent. 

sf The basicity of the acid was determined by titration with deci- 


normal sodium hydroxide, when 0°1510 required 0:°0644 NaOH for 
nti neutralisation, whereas thisamount of a dibasic acid, C,H,,O0,, should 
neutralise 0°0643 NaOH. 

B-Carboxy-8-acetylvaleric acid melts at 119—120°, is readily soluble 
in water, but sparingly so in ether, and separates in brilliant crusts 
when the solution, in much ether, is concentrated. 


* The presence of the CH,*CO group in the acid is indicated by the 
a fact that it is readily attacked by potassium hypobromite with 


immediate separation of bromoform. 

The oxime was prepared by mixing a strong solution of the 
polassium salt of the acid with hydroxylamine hydrochloride and 
potassium hydroxide ; after twelve hours, the product was acidified 
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TI 
and repeatedly extracted with ether. The ethereal solution wa; 
dried and evaporated, when a readily soluble, colourless syrup was 
obtained which gradually crystallised and in fourteen days haj | 
become quite hard. The mass was ground with light potroleun, CX. 
transferred to porous porcelain, and, when quite free from oil, dis. 
solved in acetone, the solution mixed with benzene and the acetone : 
evaporated. After some time, the benzene solution deposited the oxime By 
as a hard crystalline crust : THE 
0°1350 gave 7:9 c.c. N, at 23° and 770 mm. N=677. aldos 
O,H,,0,N requires N =6.9 per cent. isom 
This oxime has no definite melting point ; it softens at 130° and unde 
melts gradually between 135° and 140°, becoming orange red and vite 
evolving gas. It is readily soluble in alcohol, ether, or acetone, but = 
sparingly so in benzene or light petroleum. tele 
The semicarbazone.—A concentrated solution of the acid gives no — 
immediate precipitate with semicarbazide hydrochloride and sodium yep 
acetate, but when the solution is warmed and the containing vessel oe 
rubbed with a glass rod, the semicarbazone soon separates as a colour. a 
less granular precipitate, which is collected, washed with water, and Roe 
dried at 100°. On analysis : owe 
01055 gave 15 c.c. N, at 18° and 760 mm. N=16°3. escape 
C,H,,0,N, requires N =17'1 per cent. diverg 
When cis-1-methyleyclohexan-2-one-4-carboxylic acid is oxidised posses 
under the conditions observed in the case of the ¢rans-acid, it yields glucos 
a syrup which gradually crystallises. This was converted into the compa 
semicarbazone and the keto-acid regenerated by treatment with dilute Schiff 
hydrochloric acid and extraction with ether, when a colourless solid posses 
was obtained which, after crystallisation from ether, melted at 
119—120°, and consisted of B-carboay-8-acetylvalerie acid : On 
0°1206 gave 02244 CO, and 0:0700 H,O. C=50°8; H=6-4. i), 5 
C,H,,0; requires C =51°1 ; H =6°4 per cent. is ast 
Since it is shown on p. 1425 that the first product of the oxidation ylinki 
of the cis-acid is 1-methyleyclohexan-2-one-4-carboxylic acid, it follows 
that B-carboxy-d-acetylvaleric acid is produced from this keto-acid by 
the further action of the oxidising agent. Int 
‘ the det 
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(XXXVIIL—The Constitution of Glucose Derivatives.. 
Part I. Glucose-anilide, -oxime, und -hydrazone. 
By James CoLquHown Irvine, Ph.D., D.Se., and Ropert Gitmour. 


Tue use of an aldehydic formula for glucose and other reducing 
aldoses has been largely discontinued since the discovery of the 
jsmeric alkyl glucosides, and the study of the isodynamic changes 
undergone by sugars in solution has strengthened the arguments 
vhich support the alternative y-oxidic formule. Although there 
sems no reasonable doubt that the reducing sugars in solution, or in 
their condensation reactions with hydroxy-compounds, behave as 
yoxides, yet many reactions remain, such as the formation of anilides, 
oximes, or hydrazones, which seem capable of simpler explanation on 
the assumption that the sugar is merely participating in a typical 
aldehydic reaction. 
Throughout the literature occasional references are, however, 
found which show that the possibility of applying a y-oxidic formula 
even to compounds usually regarded as aldehydic derivatives has not 
escaped notice, the reactions of some sugar derivatives being somewhat 
divergent from those which might be expected from compounds 
possessing a straight-chain structure. Thus, the constitution of 
glucoseavilide has been debated ever since the discovery of the 
compound. According to the original simple formula proposed by 
Schiff and supported by Strauss (Ber., 1894, 2'7, 1287), the substance 
possesses the structure 

HO-CH,:[CH-OH },-CH:N-C,H,. 
Qn the other hand, Sorokin and Marchlewski (J. pr. Chem., 1894, 
iii], 50, 95) maintain that the condensation of the sugar and the base 
is not an aldehydic reaction, and that the product possesses the 
ylinking characteristic of glucosides : 


HO-CH,CH(OH)-CH-CH(OH)-CH(OH)-CH-NH-0,H,. 
| 2 Ay ! 


In the particular case of glucoseanilide, it may be maintained that 
the details of the constitutional structure are not of special import. 
ance, but the fact that even in the case of sucha simple compound 
‘wo alternative formule have been proposed, raises the question as to 
whether other condensation products of sugars and nitrogen bases 
night also be referred to the y-oxidic form of the sugar. This would 
involve a revision of the constitutional formule of many substances, 
such as oximes and hydrazones, which have played an important part 
inthe development of the chemistry of the sugars, and also of such 
VOL, XC1I. 5 B 
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compounds as glucosamine, glucosimine, glucosureide, &c., which are 
of special interest on account of their probable relationship to the 


gluco-proteins. 


Evidence regarding the internal linking of a sugar condensation 
product must be sought for in the preparation of derivatives and 
Thus, if 
in the two types of condensation derivatives theoretically obtainable 
from glucose we substitute the hydroxyl groups by the groups OR, 
then, on hydrolysis, either-a penta- or a tetra-substituted glucose will 
be formed according as to whether the original compound was derived 
from a hydroxy-aldehyde or a y-oxide. These alternatives are 
expressed in the following scheme, in which G or G’ represents the 


examination of the substituted sugar formed on hydrolysis. 


group condensed with the sugar residue : 


I, HO‘CH,|CH-OH],-CH:G —> RO-CH,:[CH-OR],'CH:G —> 
(By substitution. ) (By hydrolysis, 
RO-CH,[CH-OR],-CHO, 


II, HO-CH,*CH(OH)*CH-CH(OH)-CH(HO)-CH-G’ —> 
J 
. (By substitution.) 
RO-CH,:CH(OR)*CH:CH(OR)-CH(OR)-CH:-@’ > 
| | =~ 
‘ — O _ 


(By hydrolysis. ) 
.0'CH,‘CH(OR)'CH-CH(OR)-CH(OR):CH-OH 
| I . 
O 


Acetyl or benzoyl derivatives are not adapted for such work, as the 
substituting groups are lost during hydrolysis, and the parent sugar 
is thus regenerated, but alkylated derivatives, which retain the 
etheric groups on hydrolysis, are suitable compounds on which to 


study the above reactions. 


These considerations have already been applied in papers published 
from this laboratory, in which the structural linking of the glucose 
residue in sucrose, maltose, methyl glucoside, and salicin (Trans, 
1903, 83, 1028 ; 1905, 87, 1025; 1906, 89, 814) has been subjected 
to experimental proof, and in a recent publication (Trans., 1908, 93, 
91) the method has been applied to elucidating the structural formule 
of the oxime and anilide obtained from tetramethyl glucose. All the 
compounds mentioned were recognised as y-oxides, as, after complete 
alkylation and hydrolysis of the products thus obtained, tetramethyl 
glucose was produced in each case, As this sugar is capable of 
forming a definite lactone, this result shows that each of the parent 


substances must have contained the linking a a? The last- 


mentioned research on tetramethyl glucoseanilide and tetramethyl 
glucoseoxime was undertaken in the hope of preparing by alkyl 
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ation and subsequent hydrolysis the aldehydic form of pentamethy] 
glucose, and the above result was therefore unexpected. As, however, 
a very close parallel exists between alkylated sugars and the parent 
aldoses, it suggested that the constitution of glucose-oxime and 
anilide should be further examined. Our results have shown the 
necessity of extending the scope of the work so as to include the study 
of more examples of sugar derivatives ; in the meantime, we submit 
our deductions as to the structure of glucose-oxime, -anilide, and 
-hydrazone. : 

We find that glucoseanilide is formed, not only by heating glucose 
andanilineinaleoholic solution, but that condensation takes place slowly 
when an ethyl-alcoholic solution of glucose is mixed with an excess 
of aniline and kept in the cold. A polarimetric examination of the 
process was thus possible. It was found that the initial dextro- 
rotation of the solution at first increased steadily throughout five 
days and then diminished gradually, finally becoming constant when a 
decided levorotation was recorded. ‘This rise and subsequent fall in 
the rotatory power resembles the converse optical changes which 
xccompany the conversion of glucose into a mixture of a- and B-methy]- 
glucssides, and points at once to the fact that two forms of glucose- 
anilide exist. The first of these isomerides to be formed must possess 
agreater dextrorotation than that of glucose, and this labile form is 
gradually converted into the more stable levorotatory variety. 
Towards the end of the condensation, the anilide commenced to 
erystallise out from the solution. The first crop to separate was 
dextrorotatory ({a], +10°7°), and, contrary to expectation, displayed 
mutarotation in methyl-alcoholic solution, the permanent value 
recorded being [a], -52°4°. Apparently mutarotation has not 
hitherto been observed in the case of glucoseanilide, the optical 
rotatory power of a 3 per cent. solution in methyl! alcohol being quoted 
a permanent value ({a]j} —49°1°). This failure to observe the 
phenomenon is, however, readily explained, as we find that the change 
isextremely rapid, particularly in the presence of traces of hydrogen 
ciloride. The study of the mutarotation, given in detail in the 
perimental part, indicates that two stereoisomeric modifications of 
the anilide exist, one dextro- and the other levo-rotatory, and that the 
wlution of permanent rotatory power contains a large excess of the 
tter form. The fact that glucoseanilide exists in two forms 
which are interconvertible is, of course, no proof in itself that the 
wbstance possesses the glucosidic structure, but the results bring the 
cmpound into line with mutarotatory sugars and with the 
slucosides which have been shown to display similar optical changes 
i cases where their interconversion has been studied. Direct 
‘perimental evidence was, Lowever, obtained by applying the silver 
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oxide method of methylation to glucoseanilide. This reaction, owing 
to the instability of the compound, involved greater difliculty thay 
any of the methylations we have previously attempted in the sugar 
group. As the alkylation proceeded, however, the partly methylated 
product resisted the oxidising effect of the silver oxide, and the final 
treatment with the latter was carried out as usual in methyl iodide 
solution. An oil was finally obtained which crystallised completely, 
After recrystallisation from methyl alcohol, the product was recognised 
as tetramethyl glucoseartilide, identical with that produced directly 
from tetramethyl glucose. The analytical composition and melting 
point (132—134°) agreed closely, and the specific rotation of a 3 per 
cent. solution in acetone was [a], +236°4°, the value previously 
found for a specimen prepared directly from tetramethyl glucose 
being [a], +229°5°. This discrepancy in the optical values may be 
readily explained, as we find that the specimen of tetramethy] glucose- 
anilide previously prepared from tetramethyl glucose, when further 
recrystallised from methyl alcohol instead of from ether, shows the 
maximum specific rotation [a],, +238°4° in acetone solution. This 
result at once establishes the constitution of glucoseanilide. The 
compound must have the same general structure as tetramethyl 
glucoseanilide, and it has already been shown (Joe. cit.) that the latter 
contains the y-oxidic linking. The proof was extended by hydrolysing 
the alkylated anilide obtained from glucoseanilide as_ explained 
above; as was expected, the characteristic tetramethyl glucose 
was isolated from the reaction. 

Assuming, as from past experience we are justified in doing, that the 
alkylating mixture of silver oxide and methyl iodide exercises no dis- 
turbing effect on the molecular arrangement, the only formula for 
glucoseanilide which will satisfactorily account for these reactions is 


HO-CH,-CH(OH)-CH-CH(OH)-CH(OH)-CH-NH-C,H, 
a ] 


Such a compound could exist in two modifications (a and 8), the 
interconversion of which would account for the mutarotation. 

We have also obtained results showing that glucoseoxime possesses 
structure similar to that of tetramethyl glucoseoxime, and does not 
therefore react in every case as a normal oxime. The compound was 
methylated by the joint action of silver oxide and methyl iodide, first 
in aqueous methyl-alcoholic solution, then in pure methyl alcohol, and 
finally, when the alkylation had proceeded far enough, in methy] iodide 
solution. The product, after five successive alkylations, was fractionated 
under diminished pressure, then re-alkylated, and finally purified by 
vacuum distillation. A colourless syrup was thus obtained, which was 


prove! by analysis to be tetramethyl glucoseoxime metliyl ether, 
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from which, moreover, tetramethyl glucose was produced by hydrolysis. 
It seems hardly possible that the methylation could have been in- 
complete after the prolonged and repeated alkylation to which the 
compound had been subjected, and thus we conclude that only five 
methyl groups can enter the molecule of glucoseoxime. Of the 
methoxyl groups thus formed, one must be united to nitrogen as it is 
removed on hydrolysis. The four remaining groups are therefore 
attached to the sugar residue in the same manner as in tetramethyl 
glucose. These considerations point to the following formula for 
glucoseoxime : 
HO-CH,-CH(OH)-CH-CH(OH)-CH(OH)-CH-NH-OH 
=e | a . 

It must be admitted that, although the above formula accounts for 
the existence of the oxime in two, presumably inconvertible, stereo- 
isomeric forms, it does not readily explain many of the reactions of the 
compound, Thus a hexa-acetate has been obtained from glucose 
anti-aldoxime, whilst the syn-form is reduced to glucamine, and yields 


his 

he on acetylation penta-acetylglucononitrile. The reagents necessary for 
hyl these changes are, however, presumably more liable to cause molecular 
ter rearrangement than the neutral alkylating mixture we have used, 


and, although Wohl’s work shows that the compound behaves as a 
normal oxime towards powerful reagents, our results indicate that the 
compound is equally capable of reacting as a y-oxide towards neutral 
reagents. 

The application of the alkylation process to glucosephenylhydrazone 
was entirely unsuccessful. The attempted methylation was carried 
out first in methyl-aleoholic solution, and afterwards in methyl iodide 
solution, the details of the process being the same as already described 
for glucoseanilide. After each treatment with the alkylating mixture, 
the solubility of the product in organic solvents increased as usual, 
but the nitrogen content diminished steadily. The only product 
isolated was a syrupy liquid (b. p. 134—138° under 15 mm. pressure), 
which contained no nitrogen and which in appearance and behaviour 
towards Fehling’s solution resembled an alkylated glucoxide. The 
syrup when redistilled gave a lower boiling portion, showing {a |i} — 2°2° 
in methyl aleohol ; the: higher boiling fraction, on the other hand, was 


as 
~ slightly dextrorotatory ({a} +11°0°). 
nd These liquid products gave, on analysis, figures agreeing ap- 


de proximately with those required for a fully methylated methyl glucoside, 
od but, nevertheless, they did not consist of mixtures of a- and -tetra- 
Dy methyl methyl glueosides, as, on hydrolysis, the specific rotation only 


increased to the value [a], +12°2°, and the reduging sugar thus 
formed not only failed to erystallise, but showed a very small dextro- 
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rotation in aqueous solution, ‘These, results, for which we are unable 
to offer a satisfactory explanation, bear a marked resemblance to those 
obtained by Irvine and Cameron (Trans., 1905, 87, 907) in the 
alkylation of syrupy methyl galactoside. 

Apparently the reaction between silver oxide, methyl iodide, ang 
glucosephenylhydrazone is extremely complex, and does not consist jp 
the first place of simple molecular rupture. In such a case, the glucose 
thus liberated would be converted into dimethyl oxalate, which is the 
final product formed in the reaction between silver oxide, methyl 
iodide, and glucose. In all probability the silver oxide exerts g 
vigorous oxidising action on the compound, but, in addition, we find 
that methyl iodide readily decomposes a methyl-alcoholic solution of 
the hydrazone at 100° with the formation of dark-coloured resinous 
compounds. 

The failure to alkylate glucosephenylhydrazone was not unexpected, 
as previous attempts to methylate tetramethyl glucosephenylhydrazone 
led to no positive result, 


EXPERIMENTAL. 
Preparation and Alkylation of Glucoseanilide. 


The glucoseanilide required was prepared partly by Sorokin’s method 
(Ber., 1886, 19, 513) and also by mixing an alcoholic solution of 
glucose (1 mol.) with a large excess (5 mols.) of aniline and preserving 
the solution for three weeks at about +6°. In the latter case, the 
compound was deposited in successive crops, which were purified by 
dissolving in methy! alcohol, precipitating with ether, and drying ina 
vacuum, 

Preliminary alkylation experiments showed that the addition of 
silver oxide to a solution of the substance in methy] alcohol containing 
methyl iodide resulted in vigorous oxidation. The product was 
strongly acid and very dark in colour, and analysis of the silver 
residues showed that 25 per cent. of the silver oxide had been reduced 
to the metallic state. The process was therefore modified so as to 
maintain the temperature of the reaction as low as possible during 
the early stages of the alkylation. 

Twenty grams of the anilide (1 mol.) were dissolved in 50 ce. of 
methyl alcoho), and a mixture containing 100 grams of methyl iodide 
(10 mols.) and 50 c.c. of ether added to the cold solution. This was 
placed in a wide-mouthed bottle connected with an inverted condenser 
and provided with.a stirring apparatus working in a mercury joint, 
the bottle being surrounded by a cooling jacket through which water 
at 10° was circulated. The finely-powdered silver oxide (5 mols.) was 
added in small quantities, the additions extending over six hours, and 
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able the liquid was kept actively stirred during this time. The alkylation 
was thereafter continued for two hours at 30° and for five hours at 50°, 
the the partly methylated product beiyg finally extracted with boiling 
methyl alcohol, After filtration and evaporation of the solvent, a 


and viscid, yellow syrup remained, which was only slightly acid, and 
t in contained very little resinous matter. The syrup was dissolved in 
cose alcohol, shaken with barium carbonate to remove acids, and decolor- 
the jsed with animal charcoal. The neutral residue left on evaporation of 
hyl the alcohol was now partly soluble in the requisite amount of methyl 
sa iodide, complete solution being obtained by the addition of a little 


acetone. A second alkylation, conducted as already described and 
lasting over twelve hours, was carried out on this solution, the product 
ous being isolated and purified as before. In the final alkylations, which 
were carried out in methyl iodide solution, no oxidation took place, 
and the methylation was therefore conducted in the usual way. The 
one final product was a yellow, mobile syrup, which, on standing, solidified 
completely to a mass of slender prisms. After drying on a tile and 
three crystallisations from methyl alcohol, the product melted at 
:32—134°. 

In acetone solution, the following figures were obtained ; 

c= 3024, /=2, [a}” + 14°30°, [a]i) + 236°4° 


e Analysis gave : 
ng C=61'68 ; H=8-22. 
he C,,H,;0,N requires C=61'74 ; H=8-04 per cent. 


The compound is therefore tetramethyl! glucoseanilide, identical with 
that obtained from tetramethyl glucose (m, p. 135°, [a], + 238°4°) 
The hydrolysis, which was carried out as usual, gave a good yield of 
tetramethyl glucose, melting at 87—88°, 


Alkylation of Glucoseoxime. 


The oxime, which was prepared by Wohl’s method (Ber., 1891, 24, 
993), melted at 138° and showed in aqueous solution the downward 
mutarotation, [a], —- 7°8° —>-0°8°. Owing to the limited solubility 
of the compound in methyl alcohol, the addition of water was necessary 
in the first treatment with the alkylating mixture. 

The oxime (1 mol.) was dissolved in water, a large excess of methyl] 
iodide added, and sufficient methyl alcohol to effect complete solution. 
The addition of silver oxide (5 mols.) occasioned a brisk reaction, 
which was completed by six hours’ heating on a water-bath. The 
product was extracted with boiling methyl! alcohol, and, on removal of 
the solvent, a neutral, yellow syrup remained. This partly methylated 
product, after drying in a vacuum, was now freely soluble in methyl 
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alcohol, and consequently no water was necessary in the second and of cata 
third treatments with the alkylating mixture. In the fourth methyl. case Pl 
ation, the addition of very little methyl alcohol sufficed to effec about 
complete solution of the product in the requisite amount of methy] fairly 
iodide, and, in this case, ether was used as the extracting agent. The ations 
syrup was now distilled in a vacuum, after which it proved to be chemic 
readily soluble in methyl iodide. Two final alkylations were they the pl 
carried out in this solvent, after which the product was recovered showe 
and purified by fractional distillation under diminished pressure anilid 
(b. p. 160—165° under 30 mm. pressure). The alkylated oxime was thus The 
obtained as a colourless, neutral syrup, showing no action on Fehling’s produ 
solution until vigorously boiled with the reagent. by the 
Analysis gave ; solutic 
C=49°61; H=871; OMe=59°43. prepat 
C,H,ON(O-CH,), requires C= 49°81; H=8°68; OMe =58°49 per cent. Twent 
The compound is therefore pentamethyl glucoseoxime. In com- maiut 
position, boiling point, and specific rotation, it resembled the mixture +6. 
of stereoisomeric tetramethyl glucoseoxime methyl ethers prepared by in the 
the alkylation of tetramethyl glucoseoxime, and the identity of the Ti 
two specimens was confirmed by a comparison of the optical changes 
undergone by each during hydrolysis. In parallel experiments, the 
specific rotations at first diminished and then increased at an equal 
rate to a constant value, which agreed closely with that calculated for 
tetramethyl glucose. This result seems to distinguish the alkylated 
oximes from a mixture of the a- and f-alkylated methylglucosides, Th 
which, during hydrolysis, show the reverse optical changes. On Mend 
working up the product as usual, the syrup obtained crystallised being 
reidily, giving a good yield of tetramethyl glucose (m. p. 88—89°). = 
and t 
Mutarotation of Glucoseanilide. Pa 
As explained in the introduction, two forms of glucoseanilide exist, ae 
one dextro- and the other levo-rotatory, and the conversion of the the o 
former into the latter gives rise to mutarotation. In preparing the ae 
compound by Sorokin’s method, the first crops obtained displayed a meth 
dextrorotation in methyl-alcoholic solution, but in each case the heute 
optical rotation diminished on standing, and attained nearly the same enee 
constant values. The actual extent of these optical changes is shown shoe 
below :; In 
Initial [a]*°. _ 
a ee eee pet ieee the p 
i caeccasens ntiiids 15° 51°8 hicl 
SUE: ukcssecoectaiol ee — 20°1 53°] the r 
In determining the rotations, 3 per cent. solutions were used contr 


throughout, and, although the mutarotation was, even in the absence Ev 
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of catalysts, complete in twenty-four hours, the solutions were in each 
case preserved for one hundred hours. The end values obtained in 
about twenty experiments in which mutarotation was observed were 
f,irly uniform, the average value being [a]j) —52°3°. These alter- 
stions in the rotatory power are without doubt due to stereo- 
chemical changes, as the analysis of dextrorotatory crops, and also of 
the products of constant levorotatory power obtained from them, 
showed that all the specimens had the composition of glucose- 
anilide. 

The dextrorotatory variety is the less soluble form, aud is the first 
projuet of the condensation of glucose and aniline. This was shown 
by the changes in rotation during the formation of the compound. A 
solution of 10 grams of glucose in 100 e.c. of ethyl alcohol was 
prepared and kept until it had attained the constant rotatory power. 
Twenty-seven grams of aniline were then added, and the solution 
maintained for three weeks at a temperature varying from +2° to 
+6°. The changes of rotation observed in a 2-dem. tube are shown 
in the following table : 


Time in days. [a]*’. Time in days. [a}°". 
1 70 11 4-2 
3 74 14 1°7 
4 75 | 17 — 0°25 
5 71 18 1°50 


The initial rise in the rotation indicates that the form first produced 
is more strongly dextrorotatory than glucose, the subsequent fall 
being due to the conversion into the levorotatory isomeride. On the 
analogy of the glucosides, the former may be termed £-glucoseanilide 
and the latter a-glucoseanilide. 

Considering the relative rates of formation of the two isomérides, it 
follows that, during the hydrolysis of a mixture of a- and B-forms, the 
latter should be decomposed more rapidly than the former, and thus 
the optical rotation should at first diminish rapidly and then increase 
oaconstant value. Wehave been unable to apply this hydrolytic 
uethod, however, as the addition of hydrogen chloride to a solution of 
dextrorotatory power, which contained both a- and £-forms, at once 
cused very rapid mutarotation, the permanent value being reached 
lmost immediately, and before hydrolysis proceeded. 

In such a case, the hydrolytic action of enzymes may be applied, but 
the polarimetric examinations of aqueous solutions of the anilide to 
which emulsin or maltase had been added showed that in each case 
the rate of hydrolysis did not differ in any marked degree from a 
“ntrol solution containing the anilide alone. 

Evidence was, however, obtained that the anilide of constant 
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rotatol 
ether | 
in the 


rotatory power is essentially one form. This view was supported by 
the fact that all attempts to separate, either by precipitation or partial 
solution, a specimen of the compound showing a higher |levorotatory 
power than ~52°3°, but capable of mutarotation in the dextro-direction 
to this value, were unsuccessful. Again, on hydrolysing the solution 
of permanent rotatory power by heating with very dilute aqueous 
hydrogen chloride, the specific rotation increased rapidly and without 
fluctuation to a constant value. This regularity in the optical change 
is consistent with the idea that the value [a], —52°3° approximately 
represents the specific rotation of the pure a-form. 

The effect of temperature on promoting the reversible change 
a-~B cannot be demonstrated on the fused anilide, as the latter 
undergoes partial decomposition in the neighbourhood of the melting 
point. On heating methyl-alcoholic solutions of the pure a-form to 50° 
for several hours, the desired result was obtained, the specific rotation 
increasing in the dextro-sense : 


Extrac 
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Bethyl a 
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yielded 
Initial [a], [a], after heating End value on standing 
Experiment. at 20°. to 50°. at 20°, 


I, [a2 — 514° [a] — 45-9° [a]? - 523° 
II, 51°3 45°1 51°8 | 
IIL. 50 45°7 52°0 Whe 
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In experiment III, the specimen contained both stereoisomeric forms, 
but, nevertheless, the same equilibrium point was reached at 50°. The 
fact that the subsequent mutarotations at 20° gave the normal end 
values shows, moreover, that the optical changes observed on heating 
are due to stereochemical alteration, The effect of heating the a-form 
was also shown by fusing the anilide with very little methyl alcohol at 
100°. In this way, the decomposition usually undergone by the 
anilide in the fused state was avoided, and the specific rotation of the 
substance during this treatment was found to have altered from 
— 52° to —10°, and, as usual, the product was once more capable of 
mutarotation to the initial value. The converse experiment in which 
dilute solutions of the a-form were cooled in ice and calcium chloride 
for several hours led to no result, the initial rotatory power remaining 
unaltered, 


Relative Solubilities of a- and B-Glucoseanilides. fan 

On extracting a mixture of the a- and B-forms with a large excess te com 
of boiling ethyl acetate, the bulk of the compound remained 9 sderabl 
undissolved, but a smail quantity passed into solution, and was readily Wi taken, 
obtained in the crystalline state. The treatment effected a partial Gi nator) 
separation of the two forms, excess of the a-variety passing into solu- WM thanges 
tion, and thus the rotation of the undissolved residue was more dextro Gi jromoti 
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rotatory than that of the specimen before treatment. Boiling with 
aber led to similar results. The magnitude of these changes is shown 
in the following table : 


Extracting Time of boiling, Initial specific rotation Initial specific rotation 


agent. hours. of mixture, of undissolved residue, 
Ether 1 - 20 te 
" 7 5 +16 
Ethyl acetate 5 5 12 
' ” 2 +15 24 
2 14 24 


Conversely, when concentrated alcoholic solutions of both forms 
were cooled, the crop which was first deposited contained a larger pro- 
pition of the B-form than was present in the original mixture. Thus 
a solution containing 9 per cent. of the mixed anilides showing a 
specific rotation of ~ 87°, when cooled in ice, deposited a crop which 
showed the initial rotation [a]? +10°7°. On the other hand, a solu- 
tim showing the initial rotation -52-°3°, when similarly treated, 
yielded a crop which naturally possessed the same rotatory power. 


Effect of Catalysts in Promoting the Mutarotation. 


When special precautions are taken to clean thoroughly the polari- 
ueter tube and its accessories, the mutarotation of glucoseanilide in 
uethyl-alcoholie solution is comparatively slow, the permanent rotation 
bing observed, as a rule, after about twenty-four hours interval. The 
addition of a trace of hydrogen chloride, however, accelerates the 
change greatly, the mutarotation being complete in a few minutes; 
judging from the end values obtained, no hydrolysis or other decom- 
psition occurred. The addition of small quantities of water to the 
wlution had no appreciable effect in altering the rate of the optical 
changes, but traces of aniline retarded the process somewhat. Com- 
parisons of the rate of optical change must in this case be accepted 
with caution, as we find that the most minute traces of hydrogen 
tiloride have a pronounced effect in accelerating the transformation 
into the a-form. 


Mutarotation of Glucoseanilide in Water. 


Aqueous solutions of glucoseanilide display very rapid mutarotation, 
int a definite end value is not reached, owing to partial hydrolysis of 
tiecompound. As the anilide only dissolves slowly in water, a con- 
‘derable time must elapse before the first polarimetric reading ean be 
ken, and thus all the rotations determined in water were levo- 
wtatory. The following table shows the nature of these optical 
thanges, and the catalytic effect of a trace of hydrogen chloride in 
Momoting the change ; 


SE 


= 
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So 
alter 


Initial Specific Rotation of the Specimen in Methyl Alcohol, | a}? + 15-49 


Solution I. Solution IT. 
| chlor 
c= 2°873. | e=3°127. meth 
Time from contact of | Time from contact of ((a)p 
anilide with water, | anilide with water, anili 
mins. [a]. mins. [a]. de 
19 _ 28-7" 15 - 220 
30 36°5 Added a trace of the § 
40 44°0 hydrogen chloride. point 
50 50 9 154 67-4 ‘adic 
60 57°7 16 86:3 In ” 
70 61°2 17 92-4 possi 
160 7 18 93°5 , 
stron 
30 85°'1 ; | 
relat: 
In each case the ]zevorotatory powers slowly diminished on further prod 
standing, and the solutions were then found to contain free aniline, bring 
showing that partial hydrolysis had occurred. The minimum value belo 


20 


obtained in the case of solution II ([a]j’ —93°5°) probably approxi- 
mates to the true value for the specific rotation of the equilibrium mixture 
in water, as only very slight hydrolysis could then have taken place. 


Mutarotation of Tetramethyl Glucoseanilide. 


As glucoseanilide and tetramethyl glucoseanilide have been shown 
to possess a similar structure, both compounds should be capable of 
mutarotation. In a previous paper, it was stated that we were 
unable to detect any change in the rotation of the latter compound in —_ 
acetone solution. ‘This observation we have confirmed, but find that in 
methyl-alcoholic solution slow, but extensive, changes can be observed. 

The alkylated anilide was prepared by heating a concentrated solu- 
tion of tetramethyl glucose in methyl alcohol with an excess (5 mols.) 
of aniline on a water-bath for two hours. The product crystallised 
readily on cooling the solution. On ecrystallising the compound several 
times from methyl alcohol, the specific rotation gradually increased, 
and finally, after eight recrystallisations, became constant. The value 
then found for a methyl-alcoholic solution was [ a ]j) + 224-0°, and a 
similar solution in acetone showed [a]j) +238°4°. The alcoholic 


solution, on standing, showed downward mutarotation : his fs 
Time in hours. Specific rotation in methyl alcohol. Carn 

[a]? + 224° 

D 

24 203 
36 190 U 

48 178 

60 162 

72 150 

84 135 

108 105 


Y 


47 on addition of a trace of hydrogen chloride. 


ee |. | 
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Solutions in acetone, when preserved for an equal time, showed no 
alteration in rotatory power. ‘The addition of a trace of hydrogen 
chloride, however, promoted rapid mutarotation of both the acetone and 
wethyl-aleoholic solutions, the permanent value in the latter case 
(aj? +47°) being reached in from fifteen to twenty minutes. The 
gnilide then present in the solution seems to be an equilibrium mixture 
of a and B-forms, as on hydrolysis with 10 per cent. hydrogen chloride 
the specific rotation at first diminished about 20° below the equilibrium 
point, and then increased to the value for tetramethyl glucose. This 
indicates the presence of a form showing a very small dextro- or 
possibly a levo-rotation, which is less readily hydrolysed than the 
strongly dextro-isomeride with which it is mixed. ‘The latter, from its 
relative instability towards hydrolytic agents, would be the form first 
prodaced, and we therefore term it 8-tetramethy] glucoseanilide. This 
brings the compound into line with the parent anilides as shown 
below : 


Glucoseantlide, Tetramethyl glucoseanilide. 
a-Form. [a], — 52°3°. Lwvo- or feebly dextro-rotatory. 
More soluble form ; | More soluble form ; 
less readily hydrolysed. less readily hydrolysed. 
8-Form. Dextrorotatory. [a]» +238°4°. 
Less soluble form ; Less soluble form ; 
produced first and more readily more readily hydrolysed. 
hydrolyed. 


As pure tetramethyl glucoseanilide is stable at the melting point, the 
effect of fusion in causing the change 8 — a was studied. A specimen 
of the compound which originally gave [a], +224° showed, after 
fusion at 130°, [a], +158°, isodynamic change in the direction 
8 ->a had therefore occurred. At higher temperatures, the equili- 
brium point was still further displaced in the levo-direction, the 
values + 68° and +56° being obtained as the result of fusion for tweuty 
minutes at 160° and 180° respectively. 
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CXXXIX.—The Use of the Micro-balance for the Detey. 
mination of Electrochemical Equivalents and for 
the Measurement of Densities of Solids. 

By Orro Briut and Care DE Brereton Evans, 


Tae methods here described were worked out with the object of 
discovering the properties of what appeared to be an unknown metal, 
traces of which were found by one of us in thorianite (Evans, Trans,, 
1908, 93, 667). 

For the quantitative study of a substance of which only a few 
milligrams were available it was found necessary to develop new methods, 
which may prove to be of use also in the determination of the physical 
and chemical constants of other substances, such as some of the 
radio active elements, which are procurable only in very small 
quantity. 

The balance used in this work was a modified and improved form of 
the Nernst quartz-fibre balance (Nernst, Nachr. K. Ges. Wiss. Gottingen, 
1902, 2; and Brill, Ber., 1903, 36, 2056). A description of this balance 
will be given elsewhere ; it is sufficient here to state merely that it was 
possible to read to 0°02 of a division of the empirical scale corresponding 
with 0°004 milligram, appropriate corrections being made in the readings 
by means of a calibration curve. With such an instrument, the amount 
of material necessary for the determination of atomic weight or density 
is reduced to a fraction of a milligram. 


Determination of Electrochemical Equivalents and the Measurement of 
Very Small Currents. 


A current of afew milliamperes was passed through (1) a solution of 
silver perchlorate containing 2°5 grams of silver perchlorate per 100 cc. 
(Carhart, Willard, and Henderson, 7'rans. Amer, Electrochem. Soe., 
1906, 9, 375), and (2) a solution of the metal to be investigated ; these 
were connected in series. As cells, it was found convenient to use 
small porcelain crucibles the solution in each being kept stirred by 
the passage of a slow current of small bubbles of hydrogen. The cathodes, 
which were made of thin platinum foil, weighed from 5 to 10 
milligrams, the area of each being about 0°02 sq. em. A spiral of thin 
platinum wire answers very well for metals such as copper and silver, 
but a larger surface is advantageously employed for elements such a8 
antimony which tend to form a less strongly-adherent deposit. After 
about twenty minutes the electrodes were withdrawn from the solutions 
and washed several times in pure water, the usual precautions being 
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observed ; they were then dried by heating for five minutes in a steam- 
oven, cooled in a desiccator, and weighed again as quickly as 
sible. 

he method was first tested by determining the electrochemical 
quivalent of copper which was deposited from a solution of the 
sulphate. The results of these experiments are given in table I; 
they show that it is possible to obtain a very fair value for the atomic 
weight of an element by using as little as one-third of a milligram 
provided the element obeys Faraday’s law to the same extent as does 


r. 
mppe TABLE l. 


Current in amperes. 
. 


Weight of Weight of Equivalent r ‘ 
copper silver of copper Calculated Calculated 
deposited in deposited in (Ag= Time in from from 


milligrams. milligrams, 107°934). minutes. copper deposit. silver deposit. 
0°5542 1°8135 32°84: 20 0°00140 000135 
0°3334 1°1545 31°16 25 0°000675 0000689 
0°6729 2°2754 31°91 25 0°001362 0°001357 
0°9236 3°2410 32°21 30 0°001558 0°001520 
10859 3°7233 31°48 30 0°001830 0°001851 
0°8332 2°8018 82°10 | 30 0°00140 0°00139 


Mean value = 31°95. 


The unknown metal mentioned above appeared to be related to 
atimony, so this element was made the subject of the next experi- 
nent. Meanwhile the probability was not lost sight of that identical 
methods would be likely to succeed with antimony and bismuth, and 
therefore also with polonium, the atomic weight of which it is 
proposed to attempt to determine in the same way. 

The difficulties connected with the determination of the equivalent 
fantimony arise chiefly from the tendency it shows to deposit from 
imple solutions of its salts in a black form which does not adhere 
firmly to the cathode. This defect was ultimately overcome by adding 
toa 05 per cent. solution of the chloride, acidified with hydrochloric 
wid, a trace of gelatin.* Under the influence of this colloid the 
deposit of antimony assumed a grey adherent character, even at the 
inlinary temperature as long as the current density remained at ahput 
(02 ampere. It was found later that by keeping the solution at a 
wmperature of 70—80°, the current density might be considerably 
inreased without risk of the black form appearing. 

The electrochemical equivalent of antimony found by this method 
ms 409, the amount of metal deposited in each of the two ex- 
ftiments the results of which were in close agreement being 


"Patten and his collaborators have recent] y made use of the effect of colloids on 


detralytic solutions to obtain a good deposit of lead (Trans, Amer, Electrochem. 
Sx, 1906 to 1908), 


a 
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about 0°5 milligram. It is noticeable that the numbers obtained py 

other observers are also somewhat higher than the theoretical value, 

j which is 40°1 (Pfeiffer, Annalen, 1881, 209, 261; Popper, Annalen, 

: 1886, 233, 153. For reasons of this discrepancy, see also Cohen, 
Collins, and Strengers, Zettsch. physikal. Chem., 1905, 50, 29), 

It is obvious from the above considerations that the same method 

may be employed for measuring very small currents by means of q 

silver or copper micro-coulometer.* The last two columns of table | 

show that currents as small as half a milliampere can be measured 

in this way with a fair degree of accuracy, which is considerably 

increased by using both a silver and a copper micro-coulometer, 

these serving to control each other. | 


Determination of the Densities of Solids. 


The micro-balance can also be used for the direct measurement of 
the specific gravity of solids which can be obtained in regular form; 
for example, a small crystal or a spherical globule of metal, ke. This 
is first measured in all its dimensions under the microscope and is 
then weighed on the micro-balance. In our experiments we employed 
a travelling microscope of low power, such as is used for measuring 
spectra, the volumes being calculated from the mean values obtained 
from a number of observations. If very accurate results are needel, 
erystals should be well formed with sharp edges, but it is often 
possible to simplify the calculation by using thin plates, by taking 
advantage of cleavage planes to get rid of facets, or even by cutting 
or filing the crystal into some elementary form. 

Table II gives a list of substances chosen more or less at random 
and prepared with only ordinary care, the densities of which wer 
determined in the way indicated. It will be seen that a very good 
approximation to the density of tin was obtained by using three 
small beads the aggregate weight of which amounted only to about 
half a milligram, Of the twocrystals of diphenylene disulphide which 
were examined and which gave concordant results, the form of one was 
modified by cleavage, whilst corrections were made for imperfections 
in both crystals of nitroxylidine. 

The advantages of this direct measurement of density over the 
methods now in use are obvious in the cases of rare, valuable, or very 
chemically active substances, such as many of the radioactive sub 
stances, and not a few organic compounds. Not only are all the 
errors attending the use of liquids eliminated, but the quantity 


Tasle IT, 


* Since these experimenta were concluded, Prof. Bose and F. Conrat have (e 
scribed the use of a silver (nitrate) micro-conlometer for the same purpose (Zeisth 
Elektrechim., 1908, 14, 86), 
Vol 
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required for a determination is so small (about 0°5 milligram) that 
mere traces of metals, or elements such as sulphur, may be examinej 
in this way if they are first caused to assume a sufficiently regular 
shape by melting or otherwise. Such considerations lead also to the 
conclusion that there is in these small-scale determinations of density 
a means of identification which can be used in cases where, for the 
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reasons already suggested, it is not allowable to employ chemical tests: . ; 
indeed, this has already proved to be the simplest and most conclusive dens 
way of identifying small metallic beads isolated from thorianite in the the s 
course of analysis. pare 
Lastly, this method may be of value from the point of view of the besie 
examination of optical isomerides (compare Auwers at the Congres In 
of Applied Chemistry at Rome, 1906) and the calculation of topic heen 
parameters. For the latter purpose, there is at present only one way ee 
of determining the densities of crystals with sufficient accuracy, namely, guan 
Retgers’ free suspension method (Zeitsch. physikal. Chem., 1889, 3, 296), prope 
and this is, generally speaking, limited in its application to substances Buse 
the specific gravity of which is below 3°6.* There is no such limit to 
this direct measurement method by means of which a high degree of 
accuracy might also be reached by examining a sufficient number of 
crystals of a given substance, the error due to weighing operations on Ts 
the micro-balance being negligible. ae 
- — a re elect 
Thanks are due to Sir William Ramsay and to Mr. N. T. M. Wilsmore in 
for the interest they have taken in the work. It 
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CXL.—The Fluorescence of Platinocyanides. bromi 
By Leonarp Aneto Levy. the ra 
NEARLY all platinocyanides exhibit the phenomenon of fluorescence to ye 
a very marked degree; as a class, they are unique in this property. the in 
Stokes (Phil. Trans., 1853, 143, 396) appears to have been the first nating 
to note the remarkable optical characters of these salts. He observed a. 
that platinocyanides exhibited a powerful fluorescence when stimu sali 
lated by ultra-violet light. The compounds examined by him include Boy. 8 
the magnesium, potassium, barium, calcium, strontium, and lithium nee 


compounds, He noticed that the majority of the amorphous platino- 


* See Groth’s Introduction to Chemical Crystaliography. 
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hat cyanides of the heavy metals were non-fluorescent, but that the 
ned mercuric salt formed an exception and exhibited a strong yellow 
ular quorescence. Stokes also observed that the fluorescence was a 
characteristic of the solid salts, and that their aqueous solutions were 
colourless and non-fluorescent. 

Apart from these researches of Stokes, undertaken in the course of 
a general investigation on fluorescence, very little indeed has been 
sive Jone, and the author was accordingly led to attempt the elucidation of 
the subject : experiments have so far been made with the object of 
determining what effects such conditions as purity, state of hydration, 
basic radicle, &c., exert on the character of the fluorescence. 

In the course of the investigation, several new platinocyanides have 
opie been prepared. These include the hydrazine, hydroxylamine, uranyl, 
i | | :4diphenyl-3 ; 5-endo-anilo-4 : 5-dihydro-1 ; 2 : 4-triazole (nitron), and 
ely, guanidine salts. Some of these substances exhibit interesting 
properties, and have already been described (Trans., 1906, 89, 125 ; 
nets Proc. Camb, Phil. Soc., 1907, 14, 159). 


r of EXPERIMENTAL. 


Two sources of radiation were used to excite the fluorescence, 
namely, (i) the ultra-violet light from an induction spark between iron 
electrodes, and (ii) the radiation from a small amount of radium 
bromide, 

It was found necessary to have some method of comparing the 
intensities of the fluorescence exhibited by various specimens in order 
to assign a numeral value to each intensity. 

A crystal of the platinocyanide, the fluorescence of which is to be 
investigated, is placed in a tray of black paper and viewed by a short 
focus lens, A small quantity of radium bromide, placed under the 
tray, is gradually removed until the fluorescence of the crystal is 
only just perceptible in the dark. The distance between the radium 
bromide and the crystal is measured. Assuming that the intensity of 
the rays varies inversely as the square of the distance, the intensity 
me of fluorescence is proportional to the square of the distance between 
“a the radium bromide and the crystal. In the following experiments, 
the intensity of the fluorescence of a certain specimen of barium 
ved plttinocyanide is arbitrarily fixed at 100, and thus proportional 
sa values are assigned to the other compounds examined. (The foregoing 
tude Mttod of comparison is similar to that adopted by Beilby, Proc. 
Roy, Soe, 1905, 74, 506.) The method is not exact, but it yields an 
‘proximate value, which is sufficient. 
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I. Barium Platinocyanide. 


This salt was prepared by passing gaseous hydrocyanic acid into , 
pasty mixture of one part of platinum dichloride, one and a-half parts 
of freshly-precipitated barium carbonate, and five parts of water kept 
nearly boiling. The gas was passed through until all effervescence 
ceased, the solution then being boiled and filtered hot. A solution of 
barium chloride and barium platinocyanide, BaPt(CN),,4H,0, was thus 
obtained, the latter being deposited on cooling in golden-yellow, 
transparent crystals exhibiting a purple sheen. The crystals often 
show red and green colours on the edges, this effect being especially 
noticeable when they are immersed in water. The fluorescence 
exhibited under ultra-violet light or radium is feeble. 

A marked difference is produced in the appearance of this salt and 
in the intensity of the fluorescence which it exhibits on recrystal- 
lisation from water to which small amounts of various foreign sub: 
stances have been added.* 

(a) A solution of 1 gram of the yellow crystals in 10 c.c. of water 
was crystallised with 0°1 gram of the following substances : 


vari 


Substance. Colour of crystals. Fluorescence. 

NY CURIIID 56553. cisncaccncistenciicsaseniysacd green 41 
Hydrocyanic acid (no exact quantity) ......... lemon-yellow 20 

Potassium ferrocyanide ................csseceseeeeees lemon-yellow 26 

Potassium sulphocyanide .......................2... lemon-yellow 26 It 
Cyanogen (gas passed into the hot solution) .... lemon-yellow 26 duci 
Potassium silver cyanide ......0 .........cseeeeeees lemon-yellow 28 ucit 
PD MID si snsncixitcakins skvsticonenntonbeenns golden-yellow 5 bariy 
SN SOE usc: vninnenecnsecaprensedescimenseth golden-yellow 5 lysis 
Barium cyanide ............ sdaaaereiesSeasniae aces e eee green (most marked) 100 ’ 
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In order to account for the production of the green from the yellow 
salt, the following suggestions, amongst others, have been considered. 
The determining factor may be the presence of: (i) Potassium tons. 
This supposition is supported by the fact that some potassium salts 
will effect the change. (ii) Barium ions are, for the same reason 4 
potassium ions, indicated as a possible cause. (iii) Hydroxyl sons. 
This hypothesis is supported by the following facts: (q) Tonised 
cyanides ave very eflicient in producing the change. These salts are 
all more or less hydrolysed by water, yielding hydrocyanic acid aud 


* During the progress of these investigations, the author’s attention was called to 
a statement by Brochot and Petit (Ann. Chim. Phys., 1904, [viii], 8, 433). They 
prepared barium platinocyanide by electrolysis of a solution of barium cyanide “i Were. 
tween platinum electrodes, using an alternating current. The salt obtained i 
described by them as yellow, slightly dichroic, and very slightly fluorescent = 
the action of radium. They state that this product becomes fluorescent if erystallse 
with barium cyanide. They analysed the two products, and state that they oy 
have the same composition, but give very few figures in support of their analyses 
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\+0H'; (6) non-ionised cyanides produce no effect. (iv) Cyanogen 
ions. This hypothesis is suggested by the following facts: (a) Sub- 
stances yielding cyanogen ions have a very great effect ; (b) non-ionised 
eyanides, for example, mercuric cyanide and cyanogen iodide, have no 
efect ; (c) substances yielding few cyanogen ions, for example, potass- 
jum ferrocyanide and potassium thiocyanate, produce a slight change. 

05 Gram of yellow barium platinocyanide was crystallised with 
('1 gram of the following substances : 


Salt. Colour of crystals. Fluoresctnce. 
Potassium chloride ............ccesceseeees yellow 8 
Potassium MitTate ...............s0.00000.0. yellow 8 
Potassium acetate .............. Aare a ne lemon-yellow 11 
Barium chloride..............0.. sees yellow 8 
IE MUIR 5. cxvaniesikcdcdeu sk@beaske cas yellow 8 
PIN IID nivcnsccccccsecssncseccscesees lemon-yellow 11 


Two c.c. of a solution of yellow barium platinocyanide (25 grams 
yer 100 cc.) were crystallised with 1 c.c. of an 4/100 solution of 
various alkalis. 


Substance. Colour of erystals. Fluorescence. 
Ammonium hydroxide ... . ............... lemon-yellow 21 
Methylammonium hydroxide ............ lemon-yellow 24 
Dimethylammonium hydroxide ........_ lemon-yellow 26 
Trimethylammonium hydroxide......... lemon-yellow 24 
Tetramethylammonium hydroxide....... lemon-yellow 30 
Sodium hydroxide.................... .... lemon-yellow 28 
Barium hydroxide ...............00ccceeceees green 100 


It appears from the above results that alkalis are efficient in pro- 
ducing the change from yellow to green. The effects obtained with 
barium and potassium acetates may be explained by the slight hydro- 
lysis and resulting alkalinity of aqueous solutions of these salts. 

Effect of Cyanogen Jons.—It was found that only a very slight trace 
of barium cyanide was required to determine the deposition of the 
very green, fluorescent crystals. This substance and barium hydroxide 
are the most efficient in effecting the change. There is no simple 
method of deciding whether the effect produced by barium cyanide is 
ocasioned by the eyanogen ions or by the hydroxyl ions produced by 
tydrolysis. If the effect is due to cyanogen ions, potassium cyanide 
should be equally efficient (as barium ions have been proved to be 
inactive), whereas this is not the case. 

Varying quantities of barium cyanide were used, but in every case 
the crystals deposited were similar. 

(}) The green crystals, obtained by crystallising with barium cyanide, 
vere recrystallised with small amounts of the following substances : 


Substance. Colour of crystals. Fluorescence, 
Hydrochloric acid ............ yellow 8 
A yellow 11 
MOMS OEIG .......0.cecsesscoses yellow 1L 


Hydroplatinocyanic acid ... golden-yellow (most marked effect) 3 


ee 
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The transition from the green to the yellow variety is probably 
determined by the presence of hydrogen ions. This hypothesis jg 
supported by the following facts: (i) Acids determine the deposition 
of yellow crystals from a solution of the green salt; (ii) weak acids, 
for example, carbonic acid, have but little effect ; (iii) hydroplatino- 
cyanic acid is the most efficient. 

Nature of the Green and Yellow Modifications.—The differences 
between the two varieties of barium platinocyanide may be due to 
varioys causes, amongst which the following appear to be most worthy 
of consideration : (a) The formation of a small amount of double salt: 
(6) a difference in crystalline form or habit; (c) there may be a 
difference in chemical composition; (d) the two varieties may be 
isomeric forms * of the same substance. 

(a) The Formation of a small amount of Double Salt or Mixed 
Crystal.—The production of the green salt may be due to a smill 
amount of double decomposition, whereby a little potassium platino- 
cyanide is formed. The pure platinocyanide may be only very slightly 
fluorescent, and may only exhibit this property to any extent when 
another platinocyanide is present in solid solution. This is an analogy 
for this behaviour in the case of the phosphorescent sulphides. The 
effect of barium cyanide and barium hydroxide cannot, however, be 
thus explained. The following experiments were made to test this 
hypothesis, 

0-4 Gram of yellow barium platinocyanide was dissolved in water 
and a small quantity of magnesium sulphate was added. The amount 
of the latter was such that it would yield approximately 1/50th by 
weight of magnesium platinocyanide. The precipitated barium 
sulphate was filtered off. Similar experiments were made using ina : 
sodium and potassium sulphates. when 


Sulphate used. Quantity. Colour of salt deposited. Fluorescence. le) 

Magnesium ........ 0°006 gram yellow 11 i 

Sodium ............... 0006 ,, yellow 11 ere 
POLAGREUM 65.65 secsiee 0°004 _,, yellow 13 Was I 
; colow 
The above results, together with the fact that barium hydroxide ia th 
and barium cyanide are so efficient, appear to indicate that the slut 


production of the green crystals is not due to the formation of a small 
amount of double salt or mixed crystal. 

(b) Crystalline Character of the Two Modifications.— With the view 
of testing whether the crystals of the two varieties showed any 
difference in their crystallographic characters, Professor Lewis kindly 
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* The term “isomeric modification” is employed to indicate the existence of two 
varieties of the same chemical composition, but differing in some, but not neces 
sarily all, of their physical properties, 
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measured the angles of the two modifications, and the following is his 
report : mA 

“The crystals of the two varieties of barium platinocyanide are 
identical crystallographically, and the angle of extinction in the plane 
ino- of symmetry is in both cases very nearly in the direction of the 
longest edge, which is selected in all descriptions as the vertical 
note axis. 

> to «The system is oblique, and the forms present are the same as those 
given by previous observers: 010, 110, 100, 011. The faces (010) 
show a purple fluorescence, the terminal faces (011) a green fluores- 
e 8 cence. 

“Taking the mean of the most trustworthy measurements, the 
elements are : 


= B= 76°25’. w:b:¢=0-4779 : 1 :0°8678. 
a 
ino- Golden-yellow. Green. Calculated. 
ht] 100 : 110 39°57’ or 40°25’ 39°51’ or 40°12’ 40°9 

y {110 : 010 49 58 49 48 or 508 49 51 
hen (010 : 011 64 10 65 9 65 5 
ogy (011; 011 49 50 49 36 49 50 
The (110: 011 one 64 4 64 15 

be (110: 011 82 50 84 12 83 45 
this (100 : 011 77 53 77 35 77 42 

’ (100 ; 011 102 21 102 25 102 18” 
ater This report clearly shows that the differences cannot be due to a 
unt difference of crystalline character, a conclusion which is further borne 

out by the results obtained by growing a crystal of one form in a 

ium’ slution of the other variety. Thus when a green crystal was grown 


ina solution of the yellow salt, the yellow salt was deposited, and 
when a yellow crystal was grown in a solution of the green salt, the 
green salt was deposited. 

(c) A Difference in Chemical Composition.—The following experiments 
vere undertaken in order to test this hypothesis: (i) The green salt 
was recrystallised many times from pure water, but no change in the 
wlour and fluorescence could be detected, and no change is produced 
in the yellow erystals by recrystallisation from warm water. (ii) A 
‘lution of the green salt carefully tested for cyanide yielded negative 
results. (iii) A current of carbon dioxide was passed into a solution 
ofthe green salt. The escaping gas was passed into dilute potassium 
iydroxide, and the latter was then tested for cyanide. This experi- 
went yielded only negative results. (iv) Tartaric acid was added toa 
slution of the green salt. Air was drawn through the solution, and 
two passed into dilute potassium hydroxide, the latter being then tested 
eces for eyanide. No trace could be detected. 

'v) Aqueous solutions of both varieties are quite colourless. 
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(vi) Analysis of the two varieties. 
The percentage of barium in the two varieties was estimated by the 
usual method, using every precaution to secure an accurate result, 


(a) Yellow Salt. 

(i) 0°7689 gave 0°3496 BaSO,. Ba=26°9. 
(ii) 0-4652 ,, 02116 BaSO,. Ba=26°8. 
(iii) 0°4467 ,, 02038 BaSO, Ba= 26-9. 


(6) Green Salt. 
(i) 0°4727 gave 0°2156 BaSO,. Ba= 27. 
(ii) 0°4545 ,, 0°2070 BaSO,. Ba=26°8. 
(iii) 0°4558 ,, 0°2084 BaSO,. Ba=26°9. 
3aPt(CN),,4H,O requires Ba = 27 per cent. 


The two varieties are therefore identical in composition. 


(d) The Existence of Isomeric Modifications of the Salt. 


(i) 0°3 Gram of the yellow crystals was placed in a weighing bottle 
with 1 c.c. of water and 0°5 c.c. of an 4/100 solution of ammonia, 
various amines, and sodium hydroxide. In one experiment, 1°5 c.c of 
distilled water was added. The bottles were stoppered and heated on 
a water-bath for some time, nearly to boiling. The crystals deposited 
were in every case green, even when only pure water was used. This 
result apparently contradicts those already obtained ; it can, however, 
be explained on the results of the experiments immediately described. 

(ii) Some of the green and yellow crystals were heated to 100° in 
sealed glass capillary tubes. 


It 
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Crystals used. Colour after heating. Fluorescence after heating eyani 
BO sctintrcecsnsiioieieantinatiin yellowish-green improved in col 
OR «see: snacncstannegeanas green (crystals duller) unaltered 
Yellow and trace of water green strong chara 
a . an i8¢ 
(iii) Specimens of the green and yellow crystals were heated with 4 val 
, ‘ ellos 
few c.c. of water in sealed tubes to various temperatures. i th 
80 ths 
Substance heated Colour of crystals with: 
with water. Tube. Temp. deposited. Fluorescence. Th 
( Yellow crystals soft glass 110° green strong 
\ Yellow crystals soft glass 150 very green intense ‘emp 
(Yellow crystals silica 110 yellow feeble catior 
\ Green crystals silica 110 green good closel 
Yellow crystals silica 170 yellow feeble depos 
Green crystals silic 176 yellow feeble “te 
8, 
On heating green or yellow crystals with water to 170° in sealed MM ang } 
silica tubes, the crystals deposited on cooling are nearly identical in may 
colour and fluorescence, glass, 
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(iv) Equal weights (0-2 gram) of the green and yellow modifications 
the were dissolved in 2 c.c. of water to which 5 c.c. of absolute alcohol 
were added. The addition of equal quantities of ether to each caused 
the precipitation of the platinocyanide. Both specimens gave a 
deposit of green powder. The two deposits were indistinguishable 
from each other in colour. 


Substance. Fluorescence. 
Original yellow crystals ...............04 3 
Original green crystals .................. 100 
Powder from green variety ............ 7 
Powder from yellow variety ............ 8 


(vy) The above experiments indicate the existence of isomeric 
modifications ; it was therefore of interest to see if the two varieties 
differed in density. The crystals were weighed in air and in chloro- 
form on platinum pans supported by platinum wire. They were 
weighed in one pan in air, and then carefully transferred to the 
lower pan. Errors due to entangled air were avoided, as far as 
posible, by immersing the crystals in chloroform and exhausting 
toabout 20 mm. pressure. The temperature of the chloroform was 


i. in every case 17°. 


na The following values for the density were obtained : 

£0 

1 on Yellow. Green. 

ste 2°076 2°077 2-085 2-087 
wg 2-076 2073 2°085 2°082 
This 2°076 2°086 2-080 


ever, 
bed. 
0° in 


It appears from these results that there is a small difference in 
the densities of the crystals, and that the green variety is the 
denser, but further observations are necessary to establish this. 

The foregoing experiments favour the view that barium _platino- 
ating cyanide exists in two isomeric modifications. These differ markedly 
in colour and fluorescence ; their densities differ, but their crystalline 
characters are identical. Piperidine, which is well known to act as 
an isomerising agent in many instances, causes the conversion of the 
yellow crystals into the green form, and is very efficient—far more 
0 than would be expected from its behaviour as a base. Experiments 
with colloidal platinum yield negative results. 

The green variety appears to be the more stable at the ordinary 
‘emperature, but, on heating to a higher temperature, both modifi- 
tations are deposited in an intermediate form which is much more 
tlosely allied to the yellow variety. It also appears that the 
deposition of the yellow salt is determined by the presence of hydrogen 
ons, and that of the green compound by the presence of hydroxyl 
and possibly cyanogen ions. ‘The results obtained in glass tubes 
may be explained by the action of the alkali extracted from the soft 
gliss, Support to this theory is afforded by the identity of the 
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products after precipitation by ether from the alcohol and wate 
solutions, and by the minuteness of the quantity of cyanid 
required. 


= f ; the s 

The points of difference may be tabulated : “7 

A . B. exist, 

IE a cacccacesicis ccvesss Golden-yellow Apple-green one | 
Formation ............... (i) Determined by the pre- (i) Determined by the pre. the 

sence of hydrogen ions sence of hydroxyl or P 


cyanogen ions 
ii) Favoured by a higher (ii) Favoured by a lower 


temperature temperature j 
Fluorescence ............ Poor (3) Very intense (100 and | 
SY oes Kecvriccces DOS 2°085 30 as 
Crystalline character ... . . 
Urystalline character ... | taentical Identical parall 


Chemical composition .. J 


The results of the foregoing experiments rendered it a matter of 
interest to ascertain whether a similar difference in moditication was 
exhibited by crystalline platinocyanides other than the barium salt. 
The following experiments were accordingly made. 


Il. Calcium Platinocyanide. 


This salt was prepared by boiling a suspension in water of the 
calculated quantities of calcium oxide and copper plativocyanide 
until the decomposition was complete. The liquid was then filtered 
and evaporated to a fairly small bulk, the calcium platinocyanide 
being allowed to crystallise out. The following experiments were 
made to determine the effect (if any) of foreign substances on the 
colour and fluorescence of the salt deposited. 

(a) A solution of one gram of calcium platinocyanide in 10 ce. 
of water was recrystallised with 0°l1 gram of the following sub- 


stances : 


Substance. Colour of crystals. Fluorescence. 
EEVGROCHIOSIG BCID. oss iecccsssasccis yellow 21 
Sodium hydroxide .................. leaf-green 59 The 
Potassium cyanide ..... ............ leaf-green 39 like t] 
Piperidine ..............ssscsesceeeeseee leaf-green 30 


crystal 
(6) Portions of the green and yellow modifications of calcium in the 
platinocyanide were heated with a little water in sealed tubes 
to various temperatures. The results obtained are tabulated 


below : 


Colour . 
Formati 


Colour of crystals 


Crystals used, Tube. Temp. deposited. Fluorescence. 
f Yellow silica 100 yellow poor ri 
Green silica 100 greenish-yellow strong Crtall 
i ystalli 
f Yellow silica 160 yellow pool 
\ Green silica 160 yellow poor Dray 
Yellow soft glass 160 green strong Wo val 
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(c) Crystalline character of the two modifications. 


Professor Lewis kindly measured the angles of the two varieties of 
che salt, and furnished the following report : 
“Two varieties of calcium platinocyanide, differing in fluorescence, 
exist, which show no distinction in habit, forms, or angles. The 
one may be described as golden-yellow with green fluorescence on 
the pyramid faces ; the other slows a green fluorescence on all faces, 
and this is very intense on the tops. 
“The crystals belong to the prismatic system, and have long prism 
and pinakoid faces. The pyramidal faces are occasionally developed 
» as to give an oblique aspect, but the extinction is in both varieties 
prallel to the prism edge. 
“The elements derived from measurements of two crystals of the 
green variety and one of the yellow kind are 

a:b:c=0°9010: 1: 0°3506. 
“Those given by Grailich are 0°90: 1: 0°3365. 
“The forms observed on the yellow crystals are a= {100}, p= {120}, 
o=|J11!, and on the green ones the same, together with 6={010} 
aud¢={211}. The table gives the angles observed and computed.” 


iter 
lide 


' Golden-yellow. Green. Calculated. 
ial (a: m=100 : 110 pe es 42°3' 
ide a:p 60°53” 60°69’ *610 
red \pib 29 0 28 59 29 0 
de (pip, 58 11 57 59 58 0 
fp :0=120;: 111 63 57 63 56 *64 0 
ere lo: Pu 115 57 115 58 116 0 
the (pio 84 0 842 83 59 
lot pin 95 45 95 50 96 1 
ae. fo:0=010: 111 — 71 53 71 53 
‘ (0 2 Oy) _— 36 14 36 14 
f{a@:o 69 41 — 69 51 
loo, 40 17 _ 40 18 
6° 6 a¥5) 15 — 55 16 


The above experiments indicate that calcium platinocyanide can, 
like the barium salt, be obtained in two modifications of identical 
aystalline character. A comparison of their properties is appended 


= in the following table : 
bes ; B. 
red BO i casenasscosivnsited Pale yellow Leaf-green 
Formation ..........e000 (i) Determined by the pre- (i) Determined by the pre- 
sence of hydrogen ions sence of hydroxyl or 


cyanide ions 
(ii) Favoured by a low (ii) Favoured by a higher 
temperature temperature 
Fluorescence rere ae *- Poor (21) Intense (59) 
Oystalline character ... Identical 


Drawing an analogy from the barium salt, it is probable that the 
‘Wo Varieties are isomeric modifications. 


a 


SERRATE ee 


1456 LEVY: THE FLUORESCENCE OF PLATINOCYANIDES. 


IIL. Cerium Platinocyanide. 


The calculated quantities of cerous sulphate and barium platino. 


cyanide were mixed together in aqueous solution, and the resulting eg 
cerium platinocyanide was allowed to crystallise out. Separate radiat 
portions of the salt so obtained were recrystallised from solutions to cyanid 
which traces of the following substances were added : silt 
proper 
(a Fluor. fer 
Substance added. Colour of crystals. — escence, mere | 
IE. San cisoins pincas Faistairatin nie ea anal onenaa aly datdare aaa taae yellow 91 Pre 
PE TIINNG QOME oo ices canscicaneaps ni tereniennnaesaioaia yellow 9] readily 
Potassium cyanide (slight precipitate was filtered off) greenish-yellow 34 metho: 
Sodium hydroxide (slight precipitate was filtered off) greenish-yellow 37 
salt. 


(6) Separate portions of the two kinds of crystals were heated with 
water in sealed silica and glass tubes. Satisfactory results were not 
obtained, owing to a slight decomposition of the salt and the production 
of a white precipitate. Cerium platinocyanide evidently exhibits to 
a certain extent the phenomena displayed by the barium and calcium 
salts, 
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IV. Magnesium Platinocyanide. 


This salt was prepared by double decomposition between the 
calculated quantities of magnesium sulphate and barium platino- 
cyanide, Portions of the salt so obtained were crystallised from 
solutions containing traces of various foreign substances, namely, hydro- 
chlorie acid, potassium cyanide, and sodium hydroxide. The crystals 
obtained were always red with a green metallic reflection, and none of 
the specimens exhibited any fluorescence under the action of radium. 

These experiments afford no evidence of the existence of more than 
one modification of the salt. Possibly some lower hydrate, such as 
MgPt(CN),,5H,O, which is yellowish-green and fluorescent under 
radium rays, may be capable of existing in two forms differing in 
colour and fluorescence. 


V. Thorium Platinocyanide. 


Portions of this salt were recrystallised from solutions containing 
traces of hydrochloric acid, potassium cyanide, and sodium hydroxide. 
The crystals deposited were the same as those originally used, all the 
specimens having a fluorescence value of 8. 

No evidence of the existence of more than one modification of thorium 
platinocyanide could be obtained from the foregoing results. Separate 
portions of the salt weré heated with water in sealed silica and glass 
tubes. No satisfactory conclusions could be arrived at, owing to 4 
partial decomposition taking place with the production of a white 
substance. , 


LEVY: THE FLUORESCENCE OF PLATINOCYANIDES. 1457 


Radium-barium Platinocyanide. 


As the majority of platinocyanides fluoresce under the action of the 
radiations from radioactive substances, the preparation of platino- 
eyanides of the latter should prove of special interest. The radium 
salt should be self-luminous, and an investigation of its fluorescent 
properties might throw some light on the origin of the fluorescence 
conferred by the platinocyanide group on its salts. 

Preliminary experiments having shown that barium platinocyanide is 
readily obtained from silver platinocyanide and barium chloride, this 
method of preparation was adopted for obtaining the radium-barium 
salt. 

0:0655 Gram of radioactive barium chloride (activity about 
1000) was dissolved in water and the solution was boiled with excess 
of silver platinocyanide. The silver salts were filtered off, and the 
remaining clear solution was allowed to crystallise in a desiccator. 

The crystals, which were deposited last, were well-formed and 
red in colour. ‘They were brightly luminous immediately after 
their preparation, but the intensity of their luminosity gradually 
diminished, and the red tint deepened in colour correspondingly. 
These effects are almost certainly due to the well-known alteration of 
barium platinocyanide by the radiations from radium compounds and 
' the consequent reduction in the intensity of the fluorescence exhibited 
by this salt (Beilby, Joc. cit.). The crystals finally showed a dirty 
green colour by transmitted light aud a strong purple reflection : 
their luminosity was feeble. 

The salt recovers its original properties on recrystallisation, and the 
luminosity which it exhibits in the presence of its saturated solution is 
considerably greater than that shown by the dry salt. This effect is 
in all probability due to the action of the water present in preventing 
the alteration of the platinocyanide. 

The luminosity of the freshly-prepared radium-barium platinocyanide 
was compared with that of a mechanical mixture of radioactive 
barium chloride and barium platinocyanide. The relative amounts of 
the constituents of the mixture were chosen so as to approximate in 
composition as closely as possible to the compound. Both the mixture 
and the compound were carefully powdered. It was found that the 
compound was considerably more luminous than the mixture, and that 
the addition of a drop of water to each did not affect their 
luminosities. 

Considering the small amount of radium which was actually present 
—less than 0-05 per cent.—the luminosity of the radioactive platino- 
cyanide was remarkably intense. 
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Influence of the State of Hydration on the Fluorescence. 


A conspicuous property of platinocyanides as a class is that of 


forming several variously coloured hydrates. It was of interest ty Me 
ascertain whether each hydrate exhibits the property of fluorescencg Mg 
to the same degree, and to determine as far as possible in what way Mg 
the fluorescence depends on the state of hydration. 
The following method was employed: A slow current of dry air 
was passed over a weighed quantity of platinocyanide contained ina (UC 
glass tube drawn out to a capillary at each end. The current of air - 
was continued, the salt being warmed, if necessary, until a definite 
colour change occurred. The tube was then sealed off at both ends 
and weighed, and the composition of the residual hydrate calculated 
from the loss of weight. he 
As it was not possible to guarantee the definite character of the Yt, 
product so obtained, a trial experiment was made to ascertain if this Pla 
was likely to invalidate the results. A known weight of the non- 
fluorescent dihydrate of barium platinocyanide was mixed with Thee 
1 per cent. of the very fluorescent green tetrahydrate. The fluor- hydrat 
escence of the mixture was found to be imperceptible. It is unlikely lamit.o 
that as much as 1 per cent. of the higher hydrate would really remain, aaaee 
and henee the results obtained are considered trustworthy. os 
Since in these experiments it was necessary to examine the and ye 
hydrates contained in glass tubes, the fluorescence was excited by cz ps 
‘ a : — t 
means of radium radiations, The results obtained are set forth in the " 
merely 
table appended : 
Barium Salt. 
Composition of hydrate. Colour of hydrate. Fluorescence, r 
gos eee golden-yellow poor he 
DOE MOL MRD. siscvorevevenacs green very intense was the 
ig a |.) ees brick-red none , 
BaPt(ON), cccccccccssecssseeee White feeble econd: 
Leyden 
% . consist 
Strontium Salt. 
glass t 
DEP MGIN ) OE gO occscecoscsescvnse white strong The Jj 
SrPt(CN),,5H,O .............0000¢ mauve feeble 0 hi 
SS eer beetle-green none quartz 
go. © orange none the spe 
SS See eee yellow none ha 
MUNI ick inxs cackicubiianscuad red none — © pis 
i SEE Reemeemer nes white very feeble appara 
prisms 
Caleium Salt. spectru 
CaPt(CNn ),,5H,O.......0.000000000 leaf-green very intensé was ob 
Sse 4 brick-red poor As | 


RFE RRAM Ds. sekedsonrnssseadscanges white feeble 


_— wR 7 
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Magnesium Salt. 


Composition of hydrate. Colour of hydrate. Fluorescence, 
MgPt(( IN) 7 Hy — ee red with green reflection none 
MaPt(CN),, SHO  .......cccceees yellowish-green strong 
MgPt CN) 2H, a hicast wiias white none 
MaPUCI)y cnssessnnasecdedspveesss orange none 


Uranyl Salt. 


(UO. )Pt(CN),,4 or 5H,O som metallic-green none 
ORE ee eee eae peers yellow none 
(UO) Pt(CN )g (2) .cocceseree coves dull yellow none 


Vto[Pt(CN ).}5,21 HO ...... 0000 red none 
ORE ser geasarcunrencgnenanacie yellow none 
Yt.[Pt(CN ),]5, 1420 (#)......... white none 
Yto[P NON 4H. 20 (4) Penner orange none 


These experiments appear to indicate that generally only one 
hydrate exhibits the property of fluorescence to any extent. The 
luminosity, if any, exhibited by the other hydrates is very feeble. 
Some anhydrous platinocyanides are fluorescent, but others show no 
trace of this property. The anhydrous salts derived from the green 
and yellow modifications of the barium platinocyanide tetrahydrate 
are equally fluorescent. It is impossible to compare the intensities of 
the fluorescent light by the methods described above, and the table 
werely gives a visual estimate. 


Spectroscopic Examination of the Fluorescence. 


The ultra-violet light from an induction spark between iron poles 
was the source of radiation employed to excite the fluorescence. The 
secondary terminals of a large induction coil were connected to a large 
leyden jar and the latter was joined up to the spark gap. The latter 
consisted of two wire nails passed through corks at each end of a 
glass tube, the side of which was blown out opposite to the spark. : 
The light was passed through a narrow slit, then dispersed by two 
uartz prisms, and focussed by two quartz lenses. The visible part of 
the spectrum so produced was cut off by a screen. By these means 
the platinocyanide was illuminated by ultra-violet light only. The 
‘pparatus was arranged so that the table bearing the spark-gap and 
prisms could be revolved ; thus various portions of the ultra-violet 
‘pectrum could be directed on to the platinocyanides. The fluorescence 
vas observed by a spectrometer. 

As the platinoeyanide was illuminated by the light of its own 


See ce 
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fluorescence only, the total visible spectrum could only be due to 
light, and no visible scattered light could enter the spectrometer, 


platinocyanides were used in the form of large crystals when obtaip. 


able ; otherwise, a “screen” of small crystals was prepared o 
piece of glass coated with a thin layer of Canada balsam. 


The spectra of the fluorescence are all similar in character, and cop. 


sist in each case of a single band with ill-defined boundaries, 
bands vary in position and extent, and no trace of any line spectra 
be observed. 


The following observations were made, the spectra being observed 


visually. Owing to the lack of definition of the boundaries of ba 
the figures given are only approximate : 


Extent of band Position of maximum 


Platinocyanides used. in wave-lengths. intensity, 

Eat «420505005008 ppdinancdincgnceeanaate 6150—5200 orange-yellow 
SIE sv vas sicnseidenctnsaeesidss war aianageay 5900—5100 yellow 
nn blue 
og ELIE DER AD PE MR EEE CATT Te 5300—4375 blue 
SI ois cas cece cncavecechaevencheavice ooh 5400—4150 indigo 
OTN isda sentstnescn cts ceargicness 5900—4880 green 
Lithium rubidium (double salt) .......... 6150—4850 green 
IES cd cerca vestsls seuary cai eaoan niece couaumain 5475—4590 blue 
NII isi esi ks acvicanednetdsuncindesns 5550—4220 indigo 
Barium (green form)  ...........eceeeeeeee 5675—4850 green 
Barium (yellow form) .............. pases 5650—4850 green 
TONE... eiicosssiuritansenss sacar { luminosity too faint) orange 

to measure J st 
NI i eitccn dies sitet aaa 5900—4400 orange 
ee ee. orange 
PER converse sedi vincsnasencbaicnbananbine 5600—4650 greenish-blue 
Thallium ..................cecccseeeeeeeeseee No fluorescence exhibited 
NE Niuiinbvendsceidiintinniidiantbdaiaaaa No fluorescence exhibited 


An inspection of the above results reveals certain regularities. 
(a) Alkali Metals.—(i) The position of maximum intensity of 


band moves towards the violet end of the spectrum with increase of 


atomic weight. 


(ii) The inferior limit of the band (that is, that end which is nearer 
to the red end of the spectrum) moves regularly up the spectrum 


towards the violet end. 
(iii) The superior limit of the band also moves regularly up 
spectrum with increase of atomic weight. 


(2) Alkaline Earths.—(i) No regularity is displayed in the position 
of maximum intensity of the band. It is nearer the violet end af 
the spectrum in the case of the strontium salt than in the case af 


either the calcium or barium salts. 
(ii) The inferior limit of the band moves regularly down 
spectrum towards the red end with increase of atomic weight. 


(iii) The superior limit of the band moves down with increase ° 
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atomic weight in the case of the calcium and barium salts, but the 
¢rontium band has its superior limit nearer to the violet than the 
jimit of the calcium band. 

There are many parallels for this opposite behaviour on the part of 
the salts of the alkali metals and those of the alkaline earths. 

It will be noticed that the double lithium-rubidium salt gives a 
hand which starts from the inferior limit of the lithium band, but 
joes not show the full extent of the rubidium spectrum. 

The spectrum yielded by ammonium platinocyanide is intermediate 
in extent between the spectra of the sodium and potassium salts. This 
Joes not accord with the normal behaviour of ammonium salts with 
regard to their physical characters. In the majority of these, 
ammonium comes immediately after rubidium. 

The spectra yielded by the two modifications of barium platino- 
cyanide are identical in character and differ only in intensity. 

“The author is indebted to Professor Liveing for his assistance in this 
line of the investigation. 


Conclusions. 


(a) The mode of preparation of certain platinocyanides exerts a 
great influence on the intensity of the fluorescence exhibited. Some 
of these exist in two modifications having the same crystalline form, 
either of which can be obtained at will according to the method of 
preparation employed. The two varieties show a remarkable differ- 
ence in their optical characters, differing in colour and very greatly in 
the intensity of the fluorescence which they exhibit (compare Proc. 
Camb. Phil. Soc., 1908, 14, 378). 

Of the compounds examined, the barium and calcium salts show 
this property most distinctly ; the cerium salt exhibits it to a small 
extent only. Other platinocyanides which were examined showed no 
sign of this phenomena. 

(6) Toe property of fluorescence of a platinocyanide under the 
stimulus of radium radiations is usually exhibited in a marked degree 
by one hydrate in particular ; the others usually exhibit a feeble 
duorescence or else show none whatever. The anhydrous salt is often 
uon-fluorescent. It is worthy of note that, whereas the common red 
heptahydrate of magnesium platinocyanide shows no sign of 
fluorescence under radium radiations, the yellowish-green pentahydrate 
is strongly fluorescent. 

(c) Experiments have been made to determine what effect, if any, 
the molecular weight of the basic radicle exerts on the character of 
the fluorescence. The preparation of a series of platinocyanides, of 
which the molecular weight of the bases increase homologously by 
equal increments such as CH,, should throw some light upon this ques- 
VOL. XCIIf, 5 D 
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tion. A suitable series of salts has not yet been obtained, The 
substituted ammonium salts do not yield a series of well-crystallised 
definite salts so necessary for the satisfactory estimation of the 
fluorescent properties. 


The majority of platinocyanides fluoresce under the stimulus of ” 
radium radiations, but some of these salts show no sign of this 
property. Amongst these the magnesium, erbium, yttrium, thalliug, 
and uranyl! salts may be mentioned. 

The salts MgPt(CN),,7H,O, Yt,[ Pt(CN),],,21H,0, 

Er,| Pt(CN ),},,21H,0, s 

are very similar in appearance and in the character of the fluorescence (XL 
which they exhibit. All three occur in the form of bright red crystals, 

showing a brilliant metallic-green reflexion. Each of these displays an 

orange fluorescence of feeble intensity when stimulated by ultra-violet 

light, and all entirely fail to respond to the action of radium radiations, AccoRl 
It is a curious fact that the optical characters of these salts should be J “° ™ 
so similar, when there is so little relation chemically between ou 
magnesium, on the one hand, and yttrium and erbium on the tion of 
other. It h 

(d) Certain regularities may be observed in the spectra of the jm °?°* 
fluorescence exbibited by platinocyanides of metals of the same Gdiee 
family. 435) " 

(e) The failure of uranyl platinocyanide to respond to the stimulus list in 
of ultra-violet light or radium radiations is very remarkable. Both ister 
the uranyl and the platinocyanide groups usually confer the property . 0% 
of fluorescence upon salts containing them. Yet when they both ap do 
occur in the same compound, the latter appears to be absolutely non- i 
fluorescent. on 

The suggestion has been put forth that the fluorescence “ may be a 
due to the production under the influence of ultra-violet light, the a 
energetic ionising action of which is well known, of slight atomic — 
electric discharges.” Experiments were therefore made to determine f 
if a crystal of platinocyanide became electrically charged when Pig 
fluorescing under the action of ultra-violet light. The results so far i A 
obtained are negative. my Bh 

The foregoing account of the experiments performed is sufficient to = 
prove that the fluorescence exhibited by platinocyanides is no simple rm “ 
phenomenon. Many diverse conditions affect the character of the Monel o 
light emitted. The character of the basic radicle, the mode of ” . 
preparation of the salt, the state of hydration, and the perfection 1 
crystalline form, all exert their separate influences. by =a 

The author desires to express his gratitude to Dr. Fenton for Pounds, 
valuable advice. 
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Most of the materials necessary for the foregoing researches have 
been purchased by means of funds kindly supplied by the Government 
Grant Committee of the Royal Society. 


CHEMICAL LABORATORY, 
CAMBRIDGE UNIVERSITY. 


(XLL—TZhe Reduction of Aromatic Nitro-compounds 
to Azoxy-derwatives in Acid Solution. 
By BernuarpD FL itrscueim and TxHropor Simon. 


Accorpinc to Haber’s rule, nitroso- and hydroxylamino-derivatives 
are successively formed when aromatic nitro-compounds are reduced 
to amines, whilst azo-derivatives owe their formation to a condensa- 
tion of the nitroso- and hydroxylamino-stages. 

It has been generally accepted that this condensation during 
a process of reduction was only possible in neutral or alkaline solution. 
Goldschmidt and Ingebrechtsen (Zeitsch. physikal. Chem., 1904, 48, 
435) and Goldschmidt and Sunde (idid., 1906, 56, 1) even asserted 
that in acid solutions nitroso-compounds are further reduced with 
infinite velocity, which would theoretically preclude the possibility 
of a condensation, for Bamberger and Rising (Annalen, 1901, 316, 
257) have shown that the latter only proceeds at a measurable rate. 
Goldschmidt and Eckardt (Zeitsch. physikal. Chem., 1906, 56, 385) 
also suppose nitroso-compounds to be reduced with infinite velocity by 
stannous oxide in alkaline solution; that notwithstanding this 
assumption azoxy-compounds were obtained, was attributed by these 
authors to an oxidation of the hydroxylamino-derivative by the 
alkali, 

Recently, however, one of the authors has shown (Fliirscheim, 
J. pr. Chem., 1901, [ii], 71, 497) that in numerous cases reduction 
way give rise to azoxy-derivatives even in presence of strong mineral 
acids, Whilst Haber’s rule has received further confirmation by 
these experiments, all the other conclusions and generalisations men- 
tioned above must now be abandoned. 

In the present research, new methods have been employed for a 
quantitative separation of the various products of reduction, and some 
of the m-nitro-compounds already examined were again investigated 
ty the new methods, the research being extended to o-nitro-com- 
pounds, the behaviour of which is complicated by steric hindrance. 
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amir 
General Deductions. . | 
The chief law established by the present investigation may be stated e 
thus : ees 
Both condensation and reduction of the intermediate products of must 
reduction (nitroso- and hydroxylamino-derivatives) proceed at a measur. cient 
able rate whether the solution be acid, neutral, or alkaline. (teers 
A priori, therefore, neither reduction of the intermediate compounds (2) 
to the amine nor their condensation to azoxy-derivatives is ever terva 
excluded. The velocity of reduction and that of condensation can, evide 
however, be varied within wide limits, so that both these reactions Hydr 
may simultaneously take place to a variable extent, or one may an eq 
be so greatly retarded as to make the other reaction appear to (3) 
be the sole one. must 
Now if the primary cause of either reaction can be established, solver 
it must be possible to foresee the conditions that will favour or delay But 
it, and experimental confirmation of the relative rates of both some 
reactions thus deduced has proved that this primary cause is the rate a 
degree of saturation of the nitrogen atom in the hydroxylamino- degreé 
compound. namei 
Tervalent nitrogen in a hydroxylamino-compound induces condensa- (4) 
tion ; quinguevalent nitrogen is incapable of condensation. and 
The residual affinity of the nitrogen being the cause of condensation, (5) 
the reaction must be formulated with intermediate molecular addition It is 
by meaus of the nitrogen atoms, thus: reducil 
O reducit 
C,H,*NO + HO-NH-C,H, =C,H,'N . . . NH(OH)-C,H, = the les 
Ny be fav 
H,0 + O,H,"N’—N-G,H,. aad th 
Instanc 
On the other hand, in arylhydroxylamino-salts the oxygen atom vou 
possesses considerably more residual affinity than it does in the free i larg 
base, for in the latter the residual affinity of the nitrogen neutralises with ¢ 
that of the oxygen, whereas in the salts there is no residual affinity of i 
the nitrogen that could do so, Therefore hydrogen can unite more the sol 
easily with the oxygen in the salt than in the base, and reduction latent 
follows, thus : Also, 
H aid, re 
C,H,-NH,Cl-OH + H, = C,H,-NH,ClO...H'H = like tin 
C,H,-NH,Cl + H,0. pe 
If, therefore, condensation is to be favoured at the expense of and con 
reduction, the proportion of free hydroxylamino-base to hydroxy! (6) # 
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amino-salt in solution must be increased. This proportion again 
will depend on the following factors, namely : 

(1) The Strength of the Hydroxylamino-base.—This can be varied by 
introducing more or less negative radicles into the benzene nucleus, 
whereby dissociation (hydrolysis) of the hydroxylamine in acid solution 
must be correspondingly augmented. If the substituents are suffi- 
ciently negative, it is possible to have practically only the free base 
tervalent nitrogen) present even in an excess of strong mineral acid. 
(2) The Strength and Concentration of the Acid—Formation of 
tervalent nitrogen by hydrolysis will, of course, be the less in 
evidence the stronger the acid or the greater its concentration. 
Hydrolysis is, of course, greater in presence of acetic acid than with 
an equimolecular amount of hydrochloric acid. 

(3) The Nature of the Solvent.—A dissociating solvent like water 
must produce a higher degree of hydrolysis than an associating 
solvent. 

But apart from the degree of saturation of the nitrogen, there are 
some other influences which have to be reckoned with. One is the 
rate at which the reduction proceeds ; this, as shown, depends on the 
degree of saturation of the nitrogen, but also on two other factors, 
nameiy : 

(4) the relative concentrations of nitro-compound and reducing agent, 
and 

(5) the strength of the reducing agent. 

It is evident that each molecule will be reduced more quickly if the 
reducing agent is dissolved in considerable quantity than where the 
reducing agent is gradually added. The quicker the reduction proceeds 
the less is the chance of condensation. If, therefore, the latter is to 
be favoured in acid solution, the nitro-compound must be dissolved 
aud the reducing agent must only be added gradually. When, for 
instance, 1-chloro-2 : 4-dinitrobenzene in alcoholic hydrogen chloride 
is treated drop by drop with stannous chloride, the azoxy-derivative 
is largely formed. When, however, chlorodinitrobenzene is treated 
with stannous chloride and aqueous hydrochloric acid, in which 
it is almost insoluble, then the reducing agent will always, in 
the solution, be greatly in excess of the nitro-compound, and no azoxy- 
ierivative, but only chlorophenylenediamine, is produced. 

Also, a more energetic reducing agent, like zinc and hydrochloric 
wid, reduces, ceteris paribus, more quickly than a less energetic one, 
ike tin and hydrochloric acid. 

Another point which greatly affects the relative rate of reduction 
and condensation is 

(6) the constitution of the nitro-compound.—Ortho-substituents may 
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ot 
influence the reaction owing to steric hindrance ; they may also, in i 
common with para-substituents, cause a different reaction owing to hie 
isomeric change, as will be seen later. ry 
A glance at the tabulated experimental results of the present work, os 
and at their graphical representation, shows the effect of the first five i 
factors on the relative rate of reduction and condensation. It is seep, : 
that with increasing quantities of acid the yield of azoxy-compounds nf 
falls (factors 2 and 5). It might be objected that not the absolute a 
quantity of the acid, but its concentration, should be plotted (compare “a 
Goldschmidt and Sunde, Zeitsch. physikal. Chem., 1906, 56,1), and, in fart 
order to obviate the above objection, experiments (Nos. 5, 6, 7, 8 me 
9, 10) were carried out quite similarly and with the same amounts a 
of acid, but with widely different quantities of the solvent (alcohol), bai 
and identical results were obtained in each case. If, however, 50 per ne 
cent. alcohol is used instead of absolute alcohol, the percentage of 3 
condensation rises slightly, owing to increased hydrolysis (compare a 
factor 3). Whi 
It is further seen that stannous chloride yields more azoxy-compound oe 
when sodium acetate is added, that is, when the hydroxylamine ean no sn 
longer be neutralised owing to partial hydrolysis of the stannic com- pie 
pounds, but only by the weaker acetic acid. kimi 
If stannous chloride is added suddenly, the proportion of condensa- ne 
tion to reduction falls (compare factor 4, and reductions Nos. 19, 20, Ko 
23, 41, 42, 43). . anili 
The great influence of negative substituents in the nucleus side 
(compare factor 1) is seen from the following comparison. Nitro- roe 
benzene does not yield any perceptible amount of azoxy benzene on Co 
reduction by stannous chloride even in the absence of acid, the small Pa 
quantity of acid formed by partial hydrolysis of the stannous chloride os tt 
being sufficient to saturate the hydroxylamino-base * (Fliirscheim, we 
loc. cit.). . iin 
p-Nitrobenzaldehyde, with its moderately-negative aldehydic group, he 
yields an appreciable quantity of the azoxy-compound under the same ty 
conditions. _ beha' 
3 : 5-Dichloro-4-bromonitrobenzene and m-dinitrobenzene, being still ire 
more negatively substituted, in identical circumstances give al Pr 
almost quantitative yield of the azoxy-compound. pall 
Whereas all these influences (1 to 5) are simple enough, matters (ete 
become less so when we proceed to consider the influence exercised by nyse 
the constitution of the nitro-compound (compare factor 6). Beka 
* Professor Bamberger, on being acquainted with this work, informed us 9% trans! 
an experiment carried out eighteen years ago, but not published, he emer this b 
aniline, some azoxybenzene on reducing nitrobenzene with tin and hydrochloric act¢. ne 
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In the previous paper, the reduction of m-nitrobenzenesulphonic acid 
has shown how intramolecular salt-formation may influence the course 
of the reaction. In what way ortho-substituents and isomeric change 
may do so, now remains to be discussed. 

Bamberger and Rising (loc. cit.) have proved that ortho-substituents, 
by steric hindrance, diminish the rate of condensation between 
hydroxylamino- and nitroso-compounds. On the other hand, it 
must not be overlooked that ortho-substituents also exercise a 
steric hindrance on most other reactions, and therefore also on the 
further reduction of the nitroso- and hydroxylamino-derivatives. Elbs, 
for instance, found that 5-nitro-8-methylquinoline is reduced to the 
azo-derivative by alkaline reduction, using a nickel cathode, whereas 
jnitro-6-methylquinoline, under similar conditions, only yields the 
amine (Zeitsch, Elektrochem., 1904, 10, 579). 

By sterically hindering both reduction and condensation, ortho- 
substituents therefore exercise simultaneously two opposite influences. 
Which of these predominates, depends on the nature of the ortho- 
substituent, that is, mainly on the direction in which it influences the 
strength of the hydroxylamino-base (compare factor 1). Thus intro- 
duction of an ortho-halogen atom in m-nitrophenylhydroxylamine 
diminishes its basic properties very considerably, whereas the latter are 
increased when a methyl group is in the same position. That this is the 
case may be deduced from numerous facts ; for example, o-chloronitro- 
aniline is a much weaker base than m-nitroaniline, and nitrotoluic 
acids are much weaker acids than the corresponding nitrobenzoic acids 
(van Scherpenzeel, Rec. trav. chim., 1901, 20, 149). 

Consequently, hydrochloric acid counteracts hydrolysis more in the 
case of the hydroxylamino-compound derived from dinitrotoluene than 
in that of the corresponding compound derived from dinitrobenzene, 
and less in the case of the hydroxylamino-compound derived from 
chlorodinitrobenzene or bromodinitrobenzene. 

As to isomeric change during reduction, an instance is furnished 
by dinitrodiphenylamine. This compound might be expected to 
behave like dinitrotoluene or bromodinitrobenzene ; it yields, how- 
ever, exclusively the amine. 

Further, Elbs has shown that alkaline electro-reduction of o- and 
puitroaniline and nitrophenols furnishes amines only. Similar 
observations were made by Bamberger (Ber., 1895, 28, 250) with 
4 neutral solution (zine dust and water). H. Goldschmidt and 
Eckardt (loc, cit.) likewise observed that alkaline stannous oxide 
ttansforms 0- and p-nitroaniline into the amine only, and explained 
this by the erroneous assumption that the nitroso-compound is reduced 
atan infinite rate. 
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A very plausible explanation, however, has been put forward by 
Elbs (Zeitsch. Hlektrochem., 1901, 7, 134), and is shown by the 
following scheme : 


(Ys _, (OME _. (J3E, 
\_)NO, \ 0 \ / NOH 
(i, ~ (Bf. Of 


The present observations may be taken to prove that these intra. 
molecular changes occur in an acid solution as well, and that either 
one or both of them must proceed at a very high rate. A different ex. 
planation, based on the partial saturation of the hydroxylamino-nitrogen 
through the influence of unsaturated nitrogen or oxygen in the ortho- 
position (compare Fliirscheim, J. pr. Chem., 1907, [ii], 76, 185, and 
previous papers), is, however, by no means excluded, and experiments 
which are in progress with o-nitroamines containing a tertiary 
amino-group may decide this point. 


Graphical Interpretation of Results. 


By plotting the amount of acid used against the yield, curves may 
be obtained. The ordinates may represent : (a) the amount condensed 
(C) in proportion to the total amount condensed and reduced (C +R, 
or (6) the proportion of azoxy-compound to amine (C/R), or (¢ and @) 
the ordinates A and B corrected so as to show the values C/C +R and 
C/R which would be obtained if the concentration of the nitm- 
compound remained constant during reduction. 

Only the ordinates C and D being comparable, it is necessary to 
show how they may be arrived at. 

For the nitroso- and hydroxylamino-compounds, a stationary equili- 
brium is established during the progress of a reduction ; the concentra 
tion representing this equilibrium gradually changes along with the 
gradual disappearance of the nitro-compound. 

It will be shown below that for a given compound and a given 
volume of solution, the average rate of reduction is almost exclusively 
a function of the rate at which stannous chloride is added ; that, o 
the other hand, the rate of condensation is proportional to the pro- 
duct of the concentrations of nitroso-compound and hydroxylamine, 
which vary (other circumstances being equal) in proportion to the 
nitro-compound. In order to obtain the ordinates D, the ordinates } 
must therefore be multiplied by the square of the initial concentration 
of the nitro-compound and divided by the average of the squares of all 
subsequent concentrations. Instead of the latter, the square of the 
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0. 

b arithmetical means of initial and final concentrations may be substi- 

a tuted approximately. As the volumes disappear on division (the 
é 


change of dilution caused by the gradual adding of the solvent of the 
stannous chloride having, as will be seen, no influence), it is possible 
to use the absolute amounts of the nitro-compound present before and 
after reduction, the latter being obtained by deducting the highest 
ield of reduction products from the initial amount. 

The curves C, obtained from D, were found to be mainly straight 
lines, and served to calculate intermediate points of curves D, 


- Fic. 1. 
100 Clourves C). Dichlorobromonitrobenzene. 
her C+R 
t. 100 
” Dichj 
sen ag ~~ 
bal a 


40 i ~S ~4 


30 Ks — eww ¢ 
 d) % N 
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r0- ’ e \ 
i, =— Staal ee 
4. 
Te 


07: 1°75 2°25 2°75 3°25 3°75 4°25 
0 O56 10 2S 20 26 30 
The upper figures for the abscisse represent the amount of acid (in grams) added 


4°25 475 5°25 5°75 6-2: 
3:5 4:0 50 5 


tra- : ° 
before reduction; the lower figures the average amount actually present during 
the reduction (see text). The acid is calculated per 4 grams of dinitrobenzene and 


equimolecular amounts of the other nitro-compounds. 

In curves C and D, the ordinates marked by circles correspond with experiments 
on see tables) ; those marked by crosses, in curves D, have been obtained from the 
straight sections of curves C. 

_ The values for those reductions, where the standard time of 20 minutes for add- 
ing the stannons chloride had not been observed (marked with two asterisks in 
tables), were, for the full curves, reduced to 20 minutes by caleulation, and the 
mode of calculation was checked by experiment (compare reductions of dinitro- 
toluene with 4 grams of acid, which were carried out in 15 and in 20 minutes). 
In curves D, these corrected values are shown by two circles and a ¢, the original 
values by two circles and an e. In curves C, only the corrected values are given, 
aud they are also shown by two circles. 


By applying the law of hydrolysis deduced below, it can be shown 
the that the ordinates D must stand to their abscisse in the relation of 


es 
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inverse geometrical progressions. For the ratio, 2, of the progresgio, 
of the abscisse, 1/1*8 becomes the approximate ratio of the ordinate; 
Considering the high concentrations and the difficulty of adding the 
stinnous chloride at an exactly uniform rate, the diagrams shoy , 
very satisfactory agreement with this postulate. Only chloro. gn 


C ‘curves D). Fic. 2. 
R 


bromo dinitrobenzene are less influenced by the acid than would 
correspond with the factor 1/1°8. This means that the proportion, 
hydroxylamino-base to salt, does not fall with increase of acid to the 
extent required by the law of hydrolysis, but less than this. Th 
explanation is that the free base is primarily formed by reduction, and 
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that the rate at which it combines with acid is proportional to its 
basic strength and inversely proportional to the steric hindrance ; 
the first being here small and the latter pronounced, the hydrolytic 
equilibrium which is disturbed by reduction of the salt cannot be 
restored with sufficient velocity. 

This effect of an ortho-substituted halogen and the absence of such 
an influence in the case of an ortho-substituted methyl group are con- 
firmed by the velocity coefficients for addition of allyl bromide [compare 
Menschutkin, (van’t Hoff, Vorlesungen, 2, 94)}, which are: 


K. 
Aniline ........ sdousevtenn 68 
IY iavioiticicc saxaduidnen 54 
o-Chloroaniline ............ 9 


The top figures in the diagrams simply represent the amount of 
acid added before reduction. The actual amount present during the 
reduction might, however, be different : (a) on account of hydrolysis of 
stannous chloride; (6) by hydrochloric acid being used to transform 
stannous into stannic chloride, which may again be hydrolysed or may 
associate itself with more hydrochloric acid, and (c) by neutralisation 
of some hydrochloric acid by the amines formed during reduction. 

As to (a), whenever stannous chloride is added drop by drop, it is 
not present in sufficient amount to allow its inconsiderable hydrolysis 
to have any appreciable effect. 

With regard to (6), alcoholysis of stannic chloride always produces 
the same stable compound, SnCl,(OR),,HC!, where R may be methyl, 
ethyl, phenyl, or salicyl (Rosenheim and Schnabel, Ber., 1905, 38, 
2777). Alcoholic oxidation undoubtedly leads to the same compound, 
containing per molecule one molecule of hydrogen chloride more than 
stannous chloride, and therefore diminishing the free acid to that 
extent as is expressed by the lower figures in the diagrams. This is 
experimentally confirmed by the fact that the result of the reduction 
is independent of concentration, and that the progression of the 
curves agrees with the theory. If, instead of always producing the 
same compound, SnCl,(OEt),,HCl, the degree of alcoholysis were 
variable, this would obviously be impossible. 

(c) The amine formed can undoubtedly neutralise part of the acid, 
and its hydrochloride may form a double salt with stannic chloride, 
thereby protecting the latter from hydrolysis. But p-nitrobenz- 
aldehyde is the only compound the curve of which required correcting 
on that account (when it lay a little below its original position) ; in 
all the other cases, the amount of acid neutralised by the amine is 
insignificant relative to the total amount of acid present. ‘This 
applies equally to the amount of tin double salt formed by the amine 
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COM 
hydrochloride, especially as such double salts need not be compounds The 
of stannic tetrachloride, but may be derived from the oxychloride or 
its ethoxylated analogue (as, for example, the double salt of stanniy JE ”) 
oxychloride with the ester of dimethylphenolphthalein, which yas sail 
recently obtained, notwithstanding the presence of an excess of aci ' 
by Green and King, Ber., 1907, 40, 3732). (3) , 

By 

Kinetics of the Reduction. i) 
Taking the case of two reductions carried on within the same time, anj 
calling the respective concentrations, at any given time, of the nitro. C/R 
compound y, and y;,, of the acid y, and y,,, stannous chloride y, and y,, 
nitroso-compound y, and y,,, hydroxylamine-base y, and +, ,,, and of the (5) 
hydroxylamine-salt y,, and y,,,, the stationary state for the hydroxyl. 
amine is represented by the equations : ar, fro 
dy, , dy, _ dy{ Reduction) 
—® 4 1 = ih 
dt dt dt 
and ws 
“pe + “te. tnd eoetion) (6) 
dt dt dt 
These changesof concentration being proportional to the concentra- Frot 
tions themselves, we get : (7) 
(1) dyn Fy. — Aym _ KX YX ys x PY. “ KX Ym X Ye x Pye _ K, x he] 
i dyz, dy 7 Ky x yur % 7% Pye Ky Ym The 
. and 
(la) dyn Ay Ye _ 1, reducti 
dy a kK, Yiu time, € 
where A, and X, are constants and /y, and Fy,, express a possible contait 
influence of the concentration of the acid on the rate of reduction. stanno 
In this case, all the concentrations may vary in a different degree. HM charac 
If the dilution varies g-fold, we have y,,=9]XY¥n3 Yye=]* Yu deduce 
If, moreover, stannous chloride is added in both cases at the same rate, chlorid 
it is an experimental fact (see above) that the proportion, condensa- all at 
tion/reduction, remains constant. Since this applies equally to centrat 
corresponding small intervals in both reductions, it follows that several 
corres 
dy, _ dy{Cond.) + 471 (Reduction) =r x dy{Cond.) +r x “(Reduction ils te 
dt dt dt dt dt 
must | 
and reachec 
dy, - dy(Cond.) + dy. Reduction), If the 
dt dt at per vol 
where 7 is a coefficient expressing the change both of rate of reduction averag 
and condensation of the nitroso-compound. to the 
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Therefore 
9) dyin _ Ky bal Th FY. * Vie an >" 
la 


dy, Ky x Yn * FyaX Ye 


dy; nm — Ke * x Vins’ * Pyya x ro y, and dyin = K, xX Yia * Vie 
dyn, k, x Yas * Py. x Ys d ‘Yu K, Xu * Vt 


By combining 2 and 3: 


(4) 7 ba rn =. 
nd 
r- (/R being constant, we also have 
Ii d dL 
he (5) OYa Yin 


dy y, dyim 
or, from 1 and la, 


Mt Yt 

Vus Yas 
or 

Ye Vu 


"2. From (3) we obtain 


Via — Vins y PY X Yu x Ye. 


(7) : 
Ya Ya FyaXye Vy 


PyyeX V1 Ys ean easily be arrived at. If in both 
Fy, * y, x, 

reductions stannous chloride is added drop by drop within the same 
time, each drop must either be oxidised at once, when the quantity 
contained in a drop would yield the maximum concentration of the 
stannous chloride, or a higher concentration of a_ stationary 
character may be reached, which is actually the case. This may be 
deduced from expts. 22 and 23 (see tables). In No. 22, stannous 
chloride was added drop by drop within twenty minutes ; in No. 23, 
all at once. If each drop were used up as soon as added, the con- 
centration of stannous chloride in No. 23 would exceed that in No. 22 
several hundred times, and the yield of azoxy-compound would 
penpeadingty have fallen to less than one per cent. As it only 
falls to 35:5 per cent., the average concentration of stannous chloride 
uust be considerable. As soon as this stationary state has been 
reached, the rate of reduction remains constant for a constant volume. 
f the volume of the reacting liquid is reduced to 1/gth, the change 
yt Volume unit for corresponding intervals, and therefore also on the 
Yerage of the whole reaction, must rise g-fold ; since the same applies 
0 the concentration of the nitro-compound, we have for its rate of 


The value for 
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change (and similar considerations apply to the nitroso-compound and Bader 
the hydroxylamino-salt) : 
dy,, _ Ky X yin * Ye * FY - K, XY X Yn X We X PY = 4. 
dy, Kyxyn%y* Py KyXnXy* Py, 
_ Meth 
(8) Me * Fa. 1, oS 
7.x Fy, funnel, 
” tables. 
From (6), (7), and (8) we "get > (9) yaw=Ym and from (3), (4), and thet 0 
(9): r=g. The t 
By combining the equations Yue og; Y= g, and Yia=Ym The sol 
Yas Ya precipita 
we get hydroget 
Na Vie wp Ya * Yo K, amine w 
i Laas - in benze’ 
base x acid oeniion:. the case 
salt mayen 
some tit 
Therefore this fundamental equation for the hydrolysis of salts of a sith dr 
weak base with a strong acid, or vice versa, equally applies to alcoholic mm boile 
solutions (for hydrochloric acid). In view of the known behaviour ep 
of strong electrolytes in alcoholic solutions, this result could not clad 
a priori be foreseen. In all 
A word may be said on the influence which steric hindrance @ 
exercises on the average concentration of stannous chioride during ertractin, 
reduction. It lowers the constants K,, K,, K,, and K, ; the rate of to the ma 
adding stannous chloride remaining unchanged, its concentration must wert rema 
rise to reach a stationary equilibrium. Therefore, for instance, the The be 
average concentration of stannous chloride must be greater for brom~ @@ ,.. 4:4: 
dinitrobenzene than for dinitrotoluene. If, then, stannous chloride be ae 
added, on the one hand, all at once, thus giving an average concen- thich pa 
tration of half the amount added, and, on the other, by drops, the Seah 
values for C/R must be more affected for dinitrotoluene than for ulvays ob 
bromodinitrobenzene. This is actually so (compare reductions 4], 42, The pr 
and 43 with 45 and 46, and 19 and 20 with 17 and 18), O/R being hours at t 
reduced by one-half for bromodinitrobenzefle and by two-thirds for initzo-co1 
dinitrotoluene. amino-deri 
These kinetical considerations also give a quantitative explanation for tim of +t 
factors 4 and 5 under ‘“ General Deductions.” If the nitro-compound Moreover, 
is sparingly soluble, y,, y,, and y, all become very small ; if this uted alon, 
retards reduction by a certain factor, it must—the concentration of Vos. 5, 1. 
the reducing agent being kept unchanged—retard condensation by the Maitions a 


square of that factor. 
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If a reducing agent is replaced by one of greater strength, the 
constants K, to K, become greater, whereas K, remains unchanged. 


EXPERIMENTAL. 


Methods.—The reductions were carried out on a water-bath in a 
jusk connected with a reflux condenser and fitted with a dropping 
funnel, the exact conditions for each experiment being described in the 
tables. By titration before and after reduction, it was ascertained 
that no hydrogen chloride escaped through the condenser. 

The tin was always precipitated by sodium hydrogen carbonate. 
The solution was heated, sufficient solvent added to redissolve any 
precipitate, and then carefully neutralised by powdered sodium 
hydrogen carbonate. The warm solution was filtered and, where the 
amine was not volatile with alcohol, evaporated, the residue dissolved 
in benzene, and the amines precipitated by dry hydrogen chloride. In 
the case of dichlorobromonitrobenzene, the amine was volatile and the 
woxy-compound insoluble; the latter was therefore collected after 
ame time, the tin removed as above, and the filtrate shaken 
vith dry sodium sulphate, acidified, and evaporated. The residue 
vas boilea with benzene, treated with hydrogen chloride, and filtered. 
Trees of inorganic matter in the amine were determined by 
incineration of a portion. 

In all cases the precipitated tin retained some organic matter, 
which was removed by drying and pulverising the precipitate, 
atracting with ethyl acetate, and evaporating the latter and adding it 
tothe main portion. Where an aminophenol was formed, the greater 
part remained as the sodium derivative. 

The benzene solution containing the nitro- and azoxy-compounds 
mas distilled in steam until only the azoxy-compound remained. In 
wo case was the latter volatile, but it sometimes formed resinous lumps 
vhich partly retained the nitro-compound, so that it had to be 
dissolved in acetone and again distilled. Finally, a solid mass was 
lvays obtained entirely free from nitro-compound. 

The precipitated amine hydrochlorides were dried for twenty-four 
tours at the ordinary temperature and weighed. When obtained from 
iinitroeompounds they contained, in addition to some diamine, 
wino-derivatives of the azoxy-compound, formed by secondary reduc- 
tn of the nitroazoxy-compounds (compare Fliirscheim, loc. cit.). 
oreover, small amounts of nitroazoxy-compounds were often precipi- 
uel along with the amines. Sometimes (for instance, in reductions 
‘s.5, 7, 8, 19, 20, but never with dinitroxylene, where both para- 
jaitions are occupied) the hydrochlorides of chloro-amines were present, 
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produced by intramolecular rearrangement of the hydroxylamine pheno 


hydrochlorides : tion ¢ 
is Wn x from 
A \N \N \N 
| NO, — ( iN O, aide i O, 
Nad \Z ae 
NH-OH,HCl NHCl NH, 


Lastly (for instance, in Nos. 2, 5, and especially in all reductions 
with chloro- and bromo-dinitrobenzene, but never with dinitroxylene), 
there were some aminophenol hydrochlorides, also formed by re. 
arrangement : 


o. 


“NNO, “NO 
Bro, ‘a Br. 
NH-OH NH, 


To separate all this, the precipitate was dissolved in alcohol, 
neutralised with sodium acetate, and distilled in steam. The amines 
and halogen-substituted amines passed over, whereas the nitroazoxy- 
compounds, aminoazoxy-compounds, and aminophenols remained in 
the flask, the latter as salts forming a red solution, from which, after 
acidification, they were extracted with ethyl acetate, and the former two 
separating as solids. The termination of the distillation, which usually 
lasted a day or two, was indicated by the distillate, at first yellow, 
finally becoming colourless. The weight of the distillate was obtained 
by difference. 

For p-nitrobenzaldehyde and 2 :4-dinitrodiphenylamine, different 
methods were employed. 

The accuracy of the percentage figures is within about + 2 percent, 
which figure the total experimental error should not exceed. 


Tabular Summary of Reductions. 


The percentage figures were arrived at in the following way: 


100 x condensation/(condensation + reduction) = 100 x C/C + R= 


_azoxy- + amino: \zoxy-c ompounds 


AZOXY- * aminoazoxy -compounds + amine + diamine + halo; gen- -amine’ 


the equivalent amount of the corresponding nitro-compound being 
taken for each substance instead of the quantity actually determined. 

The diamine, being formed by the secondary reduction of the amine, 
is included in its weight without separation, the second molecule of 
hydrogen chloride which it contains counterbalancing its smaller 
molecular weight. The chloro-amine was proved to be present 
in traces only, and could be neglected. The weight of the amino 
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phenol (which is not derived from the hydroxylamine either by reduc- 
ion or condensation) was merely estimated in order to subtract it 
from the weight of the amine which it accompanied. 


HCl-gas Alcohol 
(grams). (c.c.). — Yield of (in grams) 
eee. ee —« 
8a @S8 6 ; — 
+ ot fF 4222 Betas 2 @ S 7 
5 £6 & £8§ BSE 25 Bs 2 8 ome 
nef mo 828 Sages GE = Ss Site 
af 4 af 202s: 28 & FE RBZ 
2 s z 5 = = cS) ah zB eo =< cS) a a fn Ss 
m-Dinitrobenzene : 4 grams. 
1 0 0 30 55 40 12 = & 0°00 0-00 16 100 
2 0 0 380 55 40 12 #000 0-00 15 100 
3 0 0 80 30 30 0 0°06 01 1°95 97°5 
4* 0 OO 30 80 20 0 O1 0°15 2°1 96°5 
* 0 2 85 165 20 0 0-49 0°15 1°6 80°5 
6 0 2 85 42+30 20 0 0°35 0-11 1‘7 86°0 
water 
7 0 2 85 40430 12 0 0°34 0-09 165 85° 
Water 
* 0 2 38 40 £42 0 0-4 0-19 1°4 82 
9 0 2 385 42 20 0 O41 0°17 1:33.81 
10 #0 2 40 167 20 0 0°52 0°15 1°5 79 
"1 #0 4 30 6 15 0 O77 0-2 084 = 615 
2 8 0 8 830 @ 0 08 0°15 075 657 
3 8 O 51 #4380 20 0 0-94 0°17 068 52 
4 122 0 69 30 30 0 0-94 0714 064 50 
2: 4-Dinitrotoluene : 4°35 grams. 
os | 0 30 60 20 2 0°06 0°25 31 98 
6 0 0 $80 30 85 0 O08 0°15 1:9 89 
7 0 0 30 30 = 20 0 0-29 0°14 1:85 89 
18 0 0 30 30 15 0 0°23 0°11 1°76 90 
19 «60 0 30 30 atonce 0 0°81 0°19 1°72 73 
20 0 0 30 380 atoncee 0 0°8 0-12 164 72 
261 #26 «638 )~=—80—S—«é280 0 O05 0-14 166 = 81 
2 0 2 30 37 2 0 1:15 0°15 103 5 4°5 
3 0 2 30 42 atonce 0 1°28 01 0°5 35°5 
4 4 #0 61 380 30 0 11 1°05 _ 
‘5 0 4 30 54 °&20 0 1°46 0-12 055 35 
6 0 4 36 60 15 0 1°53 0-1 0°4 27°5 
7 0 4 30 60 15 0 1°58 0'1 0°4 27 
2 8 0 60 30 20 O 1°44 0°19 0-49 ©9355 
4 : 6-Dinitro-m-xylene : 4°65 grams 
8 0 0 «680 6UCia2siadkesi (i K—Ci«i KDB 
0 0 0 40 40 25 0 0°67 0°15 1°56 74°5 
wt 0 2 800 420 20 0 (096) 01 O51 42 
2 0 4 380 64 ~~» 20 0 1°38 0-02 016 15 


eee 
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HCl-gas Alcohol 
grams). C.C. )- ain Yield of (in grams). In 
————— ao O & =a é ‘ ip re 
E : ‘ . SS S92 ¢ 3 < 
— $3 =" 639 BSER2ek ag a = x strens 
2 £5 2 82 28 #229 Bs z 5 ORs 
hoo n 82 Sa gSy OF Ss 3 B45 oy 
S658 2 82 2:29 235 828 * we “UE 56, 57 
6 = =o = =8 ES SE2 ES 8 s° : : 
n OS 8" FF FS” "26 hCUS < <= s and it 
1-Chloro-2 : 4-dinitrobenzene: 4°8 grams (in No. 39, 9°6 grams), eo 
imm 
*33 0 +O 30 30 20 0 oO-31 0-11 1:85 88 The 
*34 0 6 30 30 20 0 0°36 0°13 2°15 88 - 
' — asteris 
35 1 0 62 30 20 0 0°67 14 = 
ed not. 
36 4 0 62 30 20 0 0°9 1°3 iil For 
"37 0 2 30 42 20 0 0°67 0°26 1°48 74°5 ' 
**38 0 4 30 65 12 0 1°04 0-2 1:23 615 of ami 
ee compor 
39 0 8 50 98 30 0 2°65 a « edt 
oecurrl 
1-Bromo-2 : 4-dinitrobenzene: 5°9 grams (in No. 44, 1°5 grams), 
ee conten cena? 
40 0 0 60 at once 0 0°7 i — 
(including aminophenol) The : 
41 0 0 30 30 atonce 0 0°46 0°03 2°2 86 es 
42 0 0 35 50 atonce 0 0°45 0°03 2°69 87 Invarla 
48 0 #O 8 50 atonce 0 0°52 0°15 273 86 = 
44 0 0 0 25 — 3 0 0 0 0 Dink 
“45 0 #0 30 30 30 0 0°26 0°21 27 925 i 
“46 0 0 30 380. 25 0 0-29 0°27 2°58 915 25,8, 
*47 0 3 30 58 20 0 0°86 0°2 1°97 74 . 
“48 #0 6 30 7 2 #O L113 O15 136 665 = 
It gave 
3 :5-Dichloro-4-bromonitrobenzene: 6°45 grams. from di 
"49-02 «0B stCiHSSts«iD 0 O25 0 505 96 acid so) 
50 0 0-35 50 2 oOo — 0 5°07 derivati 
**5 0 22530 44 14 0 117 0 31 = 745 sialet 
(cale.) he 
52 0 6 30 78 20 0 1°74 0 2°05 56 fOenzor 
(cale. ) product 
*53 0 6 70 79 20 0 1°8 0 1°98 54°5 


p-Nitrobenzaldehyde : 3°6 grams (in Nos. 55 to 58, 7:2 grams). 


phenol i 
this con: 
covered, 


54 002=«8 80 D—ssa7 aaa 0 F053 30 inops of 
(cale ) 3 
5 OC0tCtisis—i—i ik OEY T if stann 
6 0 0 50 60 20 0 26 {$0 = /053 16 B still « 
*n7 5 : € . » o- “AR vi 
57 0 OO 50 60 2 0 28 (xO 8/058 17% wn000 
(cale.) 4 K : i 
*58 0 1 70 56 25 0 2°35 0 gS Jabout about fives a 
C4 ° ») 
(cale. ) 4 0°4 l2 133: 5et 


2 : 4-Dinitrodiphenylamine: 6°15 grams (in 
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0 
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In all experiments, the amount of stannous chloride corresponded 
in reducing power with 7°2 grams of SnCl,,2H,O; the reducing 
strength of the stannous preparations varied between 80 per cent. and 
95 per cent. of that of the pure compound, Only in Nos. 39, 55, 
56, 57, and 58 was double the above amount used ; in No. 59, one-third, 
and in No. 44, none. 
Where stannous chloride was added all at once, the solution was 
immediately boiled for some time. 
The experiments used for the diagrams are marked with one or two 
ysterisks, according as the time of reduction was twenty minutes or 
ft. 
“he p-nitrobenzaldehyde and dichlorobromonitrobenzene, the amount 
of amine compound could be calculated from the amounts of azoxy- 
compound obtained and stannous chloride used, no secondary reactions 
weurring in these cases. 


Observations Concerning Some of the Reductions. 


The azoxy-amines, probably with an admixture of azo-amines, were 
invariably brown, almost insoluble in water, and soluble in acids witha 
brown colour, which became paler on adding sodium nitrite. 
Dinitrobenzene and Dinitrotoluene.—In some cases (for example, Nos. 
15,8, 15, 19, 20) a soluble, non-basic product was formed, which was 
entained in the filtrate from the azoxy-compound after distillation. 
lt gave an intense violet coloration with ammonia. The derivative 
fom dinitrobenzene was obtained as a brown solid on extracting its 
wid solution with ethyl acetate ; the corresponding dinitrotoluene 
ierivative was obtained as a dark precipitate on adding an acid to its 
violet solution in ammonia, p-Benzoquinone derivatives, especially 
pbenzoquinoneoxime, are known to be amongst the decomposition 
jroducts of arylhydroxylamines, and the violet solution of p-amino- 
phenol in alkalis is ascribed to the formation of similar compounds. In 
thisconnexion, characteristic reaction for m-dinitrobenzene was dis- 
wrered. A trace is dissolved in boiling water, and, on adding some 
itops of aqueous sodium hydroxide and a trace of an aqueous solution 
ifstannous chloride, an intense violet colour is produced. This reaction 
Sstill quite distinct in a concentration of dinitrobenzene of 1 to 
00, Other nitro-compounds behave differently. Dinitrotoluene 
ges a yellow, nitrobenzene a pale yellow, coloration, whereas 
‘:3:5-trinitrobenzene shows an intense red colour with alkali 
ilone, 

The azoxy-compound obtained from dinitrotoluene was never per- 
ixtly homogeneous, A comparatively pure product melting at about 
MP was obtained in expt. 22, whilst Weyprecht (Diss., Giessen, 
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COM! 
1902) gives 144—147°. In some cases the conditions precluded the 
formation of a polyazoxy-compound (compare Fliirscheim, Joc. cit.) ; jt bromit 
must therefore be assumed that the para-nitro-group is also attacked ty n-phet 
a small extent, giving rise to the formation of an isomeric azoxy. Chem. 
compound. Both t. 
Dinitrorylene. —Commercial dinitroxylene (Schuchardt) is a mixtuy from 
of 4: 6-dinitro- and 2 ; 4-dinitro-m-xylene, which is best separated by [My (OF 
acetic acid. A few experiments were made with the commercia] Mm hydro 
mixture, which invariably yielded less of the azoxy-compound anj @ po 
more amine than did the pure 4: 6-dinitro-m-xylene. This js, of 9 
course, due to the presence of the isomeride, one nitro-group of complet 
which, being placed between two methyl groups, is practically incapable partial: 
of condensation (compare Bamberger and Rising, loc. cit.). It is is elimi 
therefore this nitro-group which is first attacked. (1) 1 
The dinitroazoxyxylene from expt. 31, after two crystallisations from tl 
from acetic acid, melted and decomposed at 185—190°, and gave the Accordi 
following results on analysis : quantit 
00744 gave 10-9 ec. N, (moist) at 21° and 758 mm. N=16¢, benzene 
C,,H,,0;N, requires N = 16-3 per cent. heel 
a . , : oe No tra 
Chlorodinitrobenzene.—In confirmation of previous observations, it 
‘ ; , removed 
was found that the o-nitro-group is almost exclusively reduced, since 
5 are : a 3 bromide. 
the amine (No. 36), after separation from diamine and azoxy-amine, aN 
noe n 
at once crystallises from water and melts at 110—115°, instead of oh 
‘ : ‘iin romine 
116—117°, whereas the isomeric 4-chloro-5-nitroaniline melts at I ut 
. eas . ° ° Wa: 
102—103°. Similarly, the crude acetyl derivative obtained from the ess r 
a : ; , a 
amine melted at 145°, instead of 153—154°, the isomeride melting “ . 
at 99—100°, e : 
, ‘ D 
The azoxy-product (No. 36) when crystallised from concentrated on - 
nitric acid was found to be a mixture melting at 120—160°. or 
mee : took pla 
Bromodinitrobenzene.—That also here practically only the o-nitr- 3m . 
: : alver br 
group was attacked could be shown in expt. 45, where the amine 
: ar we ; ome din 
obtained from the steam distillate, when precipitated by ammona The 
from its solution in dilute hydrochloric acid, melted at 139°, thea . . 
. ce a . : 
melting point of pure 2-bromo-5-nitroaniline being 139—140°. th 
: . . : | 
The azoxy-compound obtained by a reduction not given in the Dj 
aa 3s of ichlo 
tables, where for 3°95 grams of bromodinitrobenzene 4 grams 0 a 
, ' ; ¢ 
hydrochloric acid were added to the stannous chloride, gave the sa 
following result on analysis: et 
01805 gave 20-2 c.c. N, (moist) at 18° and 769 mm. N=131. wid and 
C,,H,O.N, Br, requires N = 12-6 per cent. When th 
The difference is due to an admixture of polyazoxy-compoundsg@l jowed ir 
(compare Fliirscheim, Joe. cit.). Product 
Expts. 40 and 41 served finally to decide the question, at what stag her a gi 
bint, 88 
VOL, } 
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promine is eliminated when bromodinitrobenzene is -reduced to 
* henylenediamine by tin and hydrochloric acid (C. L, Jackson, Amer. 
Clem. J., 1896, 18, 466 ; Blanksma, /ec. trav. chim., 1905, 24, 320). 
poth these authors rightly supposed that bromine is only eliminated 
fom the diamine. In support of this view, Jackson showed that 
jromopheny lenediamine losesa bromine atom on treatment with tin and 
jydrochloric acid, but it might equally be removéd from the dinitro- 
compound or from the nitroaniline. ‘To show that such is not the 
ase, the following experiments were carried out, which prove that if 
wuplete reduction by tin and acid in aqueous solution is replaced by 
partial reduction by stannous chloride and acid in alcohol, no bromine 
is eliminated. 
(1) If bromine were removed from the bromodinitrobenzene or 
fom the bromonitroaniline, the latter would contain nitroaniline. 
Accordingly, the amino-group was eliminated, whereby minute 
quantities of a nitroaniline may be detected by the odour of nitro- 
jenzene and by the hypochlorite reaction of aniline after reduction (as 
mas specially ascertained by a corresponding test with m-nitroaniline), 
Yo trace of nitroaniline was present. (2) If bromine had been 
ruoved, the neutralised stannic acid mixture would contain sodium 
jromide. Accordingly, after careful removal of the sodium salt of 
aminophenol by means of acetone, the inorganic mixture was tested for 
bromine, which was shown to be completely absent. 
It was further ascertained that very little diamine is formed during 
these partial reductions of bromodinitrobenzene, the amount being, in 
apt, 40, less than 0°05 gram. 
Finally, the action of alcoholic sodium acetate on bromodinitro- 
tenzene was examined. On boiling for forty minutes, no reduction 
wk place, but some bromine was displaced by hydroxyl, 0:03 gram of 
iver bromide being obtained, whilst the yellow solution contained 
sue dinitrophenol in the form of its sodium derivative. 
The dibromodinitroazoxybenzene obtained from expt. 48 was 
yeringly soluble in acetic acid, and crystallised from it in dark yellow 
musts melting and decomposing at 160—180°. 
Dicklorobromonitrobenzene.—In the preparation of this compound 
(ompare Fliirscheim, loc. cit.), the proportions were somewhat altered. 
lventy-two grams of 2:6-dichloro-4-nitroaniline were dissolved in 
tee, of glacial acetic acid, and 88 c.c. of concentrated hydrobromic 
“il and 33 grams of sodium nitrite were added to the hot solution. 
When the evolution of nitrogen had ceased, the whole was cooled and 
jared into a little more than the same volume of water. The crude 
Muluct weighed 28 grams, that is, almost the theoretical yield, and, 
der a single crystallisation from alcohol, showed the correct melting- 
pant, 88°. On reducing the amount of acetic acid by one-third and 
VOL, XCIILI, 5 F 
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the hydrobromic acid by one-fourth, an equal yield of an almosg 
equally pure product was obtained. 

p-Nitrobenzaldehyde.—The following compounds were obtained jy 
varying amounts: 

(1) Unchanged nitrobenzaldehyde ; (2) azoxybenzaldehyde ; (3) poly- 
meric aminobenzaldehyde hydrochloride ; (4) anhydro-bases, formed by 
the éondensation of aminobenzaldehyde with nitrobenzaldehyde and 
azoxybenzaldehyde. 

Where the amine was not determined, the azoxyaldehyde was 
obtained by oxidising the total organic matter with permanganate 
and separating the azoxybenzoic acid from the nitrobenzoic acid by 
methyl alcoho]. *To ascertain that no azoxybenzoic acid was formed 
by the action of permanganate on aminobenzaldehyde, just as alkaline 
permanganate oxidises aniline to azoxybenzene, the cxidation was 
repeated in most cases with chromic acid in sulphuric acid, and 
practically identical results were obtained. 

As concentrated solutions of chromic acid carry the oxidation too 
far, 1 part of chromic acid in 1°8 parts of sulphuric acid and 8 parts of 
water was used, which on boiling for a few minutes was found to 
convert p-nitrobenzaldehyde quantitatively into the acid. Accordingly, 
the mixture of aldehydes was dissolved in concentrated sulphuric acid, 
treated with finely-powdered sodium nitrite to prevent oxidation of 
the amino- to the azoxy-group, and then treated with chromic acid in 
the above proportions. 

Further, it was ascertained that the alcohol used for precipitating 
the excess of permanganate does not transform nitrobenzoic acid into 
azoxybenzvic acid by alkaline reduction. 

The estimation of the amine proved rather complicated. Reduction 
being at an end, the cooled solution was separated from the crystalline 
deposit (a mixture of nitro- and azoxy-benzaldehyde) and evaporated, 
then treated with sodium hydrogen carbonate, and extracted with 
ethyl acetate. The residue from the latter was treated with benzene, 
when a portion remained undissolved ; it consisted mostly of polymeric 
aminobenzaldehyde, and in addition some anhydro-bases which yielded 
on oxidation an amount of nitro- and azoxy-benzoic acids corresponding 
with the nitro- and azoxy-aldehyde parts of the anhydro-base mole- 
cules. By deducting this portion from the total weight of the 
substance insoluble in benzene, the amine contained in the latter was 
obtained. 

From the benzene solution, hydrogen chloride precipitated the 
hydrochlorides of anhydro-bases and polymerised aminobenzaldehyde, 
in which azoxy- and nitro-benzaldehydes were again determined by 
oxidation and deducted. The benzene filtrate then only retained 
azoxy- and nitro-benzaldehydes. 
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Polymeric aminobenzaldehyde and its red hydrochloride were 
ijentified by their characteristic behaviour, as was also the azoxy- 
benzoic acid; the latter dissolved in sodium carbonate or pyridine 
with a marked yellow colour, and was precipitated by acids; it was 
practically insoluble in ordinary solvents, and did not melt. 

Dinitrodiphenylamine.—In expt. 59, 1°05 grams of the dinitro- 
diphenylamine were recovered on evaporation of the filtrate from the 
precipitated amine. By fractional crystallisation and mixed melting- 
point tests, it was ascertained that no trace of an azoxy-compound was 
present, A similar result was obtained in expt. 60. 


In conclusion, the authors wish to express their acknowledgment of 
the facilities placed at their disposal at the Davy-Faraday Research 
laboratory of the Royal Institution, where the present work has 
been carried out. 


OXLIL—The Reduction of Refractory Oxides by Carbon. 
By Harotp Ceci, Greenwoop, M.Sc. 


Tue chief object of this research was to determine the temperatures 
at which carbon begins to reduce some of the more difficultly reducible 
metallic oxides. Our knowledge of metallurgical reactions up to the 
temperatures attainable with ordinary fuel-heated furnaces is fairly 
complete. For instance, the temperatures of reduction of oxides such 
as those of copper, iron, and lead by carbon have been investigated by 
Wright and Luff (Trans., 1878, 33, 1) on somewhat similar lines 
to the experiments here described, but only reductions occurring 
below 600° were studied. Again, the reduction of iron oxide by 
carbon under different pressures of carbon monoxide has been studied 
by Schenck, Semiller, and Falcke (Ber., 1907, 40, 1704). Various 
other reduction temperatures have been investigated, but in nearly all 
os the experiments have been confined to temperatures below 
00°, 

On the other hand, thanks to the work of Moissan, we now have an 
extensive knowledge of the ultimate possibilities of effecting such 
reductions at extremely high temperatures varying up to that of the 
electric arc, Little, however, has been done to investigate the inter- 
uediate stages, or to control and adjust the electric heating in such a 
camel as to determine the lower limits of temperature at which such 
reactions commence. In quite early days, Sainte-Claire Deville greatly 
extended our knowledge of high temperature reactions by the use of 
5 F 2 
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the oxy-hydrogen blowpipe, and now that such temperatures can pe 
readily obtained in the laboratory, and accurately controlled so as t 
remain practically constant over long periods, there appears to be q 
wide field open for further investigation. 

To take the case of the oxides of chromium and manganese, theip 
reduction by carbon was accomplished by Deville (Ann. Chim, Phys., 
1856, [iii], 46, 182) in the oxy-hydrogen furnace, and consequently it 
is generally stated in text-books that a temperature approaching the 
melting point of platinum is essential. 

The following experiments indicate, however, that the reduction 
commences far below this (chromium sesquioxide, 1105°; manganous 
oxide, 1105°), and although it is possible that in practice a somewhat 
higher temperature would be necessary to effect complete reduction, 
considering the difficulties of ensuring uniform and intimate mixture 
and the inverse reaction of the carbon monoxide, which would be well 
marked at atmospheric pressure, the difference is very great, and 
serves to emphasise the importance of the accurate investigation of 
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EXPERIMENTAL, 


Apparatus.—The mixture of the oxide with carbon (except where 
otherwise stated, made as intimate as possible by rubbing together in | 
an agate mortar) was filled into a small Acheson graphite tube 
generally about 10 cm. in length, and of 8 mm. external and 5 mm. 
internal diameter. In the first experiments a boat was made by 
grooving a rod of agglomerated gas carbon (compare Slade, Trans, 
1908, 93, 327), but it was found difficult to get a suflicient quantity 
of material in the goove, and, moreover, the temperature of the boat 
when heated was often much higher than that of its contents. The 
graphite tube which had a few perforations along the upper side to 
allow of the escape of gases was held in graphite plugs, the latter 
being soldered into water-cooled brass tubes after electro-coppering the 
ends. ‘The brass tubes were fitted into the side arms of a glass globe 
of about 1} litres capacity as shown in Fig. 1, and a perfectly tight 
joint was made between the glass and the brass by means of a special 
wax. The heating of the carbon tube was effected by the passage of 
direct current (up to 300 amperes), which was led on to the water 
cooled tubes.* An accurate control of the current was obtained by 
manipulation of a rheostat with fine adjustment in the exciting 
circuit of the dynamo used. The neck of the globe was closed by 
rubber stopper with a mercury seal, and connexion was made through 
a tap and calcium chloride tube to a Fleuss pump, by means of which 


aut er \p 
an ¢ 
tube: 


AF | 
side | 


nised fi; 
areful 
any desi 
Tempe 
by mean 
tumeter 
Apart f; 
Was thor 
ight be 


* This type of apparatus was first described by J. N. Pring and R. 5 Hutton 
joint, an 


(Trans., 1906, 89, 1591). 
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the pressure could be quickly reduced ‘to half a millimetre. Evacuation 
bya Topler mereury pump was found to be much too slow, especially 
shen carbon monoxide began to be produced. Before each experiment 
the apparatus was exhausted for several hours, a little phosphoric oxide 
ging placed inside the apparatus to absorb water vapour. In many 
cases the carbon tube was heated to about 600° for a short time to 
assist the drying. The air was then re-admitted through the drying 
tube, the phosphoric oxide quickly removed, a little glass wool placed 
above the stopper in the neck to shield it from heat radiation, and the 
slobe re-exhausted. 

Tn the actual experiment the temperature of the graphite tube was 


Fre. 1. 


vA 

hoof 

ie graphite tube containing the mixture of the oxide and carbon is mounted inside 
an evacuated glass globe in graphite plugs soldered into water-cooled brass 


tubes. The latter serve as leads for the heating current and are luted into the 
side arms of the vessel. 


nised fairly rapidly to a dull red heat, and then raised by small steps, 
areful measurements of the temperature being taken at each, until 
uy desired value was attained. 

Temperature Measurement.—Temperature measurements were made 
means of the Wanner optical pyrometer, which was used with an 
tumeter and rheostat in circuit, and was frequently standardised. 
Apart from the question of deviation from black-body radiation it 
ws thought possible that the temperature inside the carbon tube 
Ugit be higher than that of the outer surface. To test this particular 
Mut, au experiment was carried out with a thermo-junction placed 
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the oxy-hydrogen blowpipe, and now that such temperatures cay be 
readily obtained in the laboratory, and accurately controlled so as ty 
remain practically constant over long periods, there appears to be g 
wide field open for further investigation. 

To take the case of the oxides of chromium and manganese, theiy 
reduction by carbon was accomplished by Deville (Ann. Chim, Phys, 
1856, [iii], 46, 182) in the oxy-hydrogen furnace, and consequently it 
is generally stated in text-books that a temperature approaching the 
melting point of platinum is essential. 

The following experiments indicate, however, that the reduction 
commences far below this (chromium sesquioxide, 1105° ; manganous 
oxide, 1105°), and although it is possible that in practice a somewhat 
higher temperature would be necessary to effect complete reduction, 
considering the ditliculties of ensuring uniform and intimate mixture, 
and the inverse reaction of the carbon monoxide, which would be well 
marked at atmospheric pressure, the difference is very great, and 
serves to emphasise the importance of the accurate investigation of 
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this subject. 
EXPERIMENTAL, 


Apparatus.—The mixture of the oxide with carbon (except where 
otherwise stated, made as intimate as possible by rubbing together in 
an agate mortar) was filled into a small Acheson graphite tube 
generally about 10 cm. in length, and of 8 mm. external and 5 mm. 
internal diameter. In the first experiments a boat was made by 
grooving a rod of agglomerated gas carbon (compare Slade, Trans, 
1908, 93, 327), but it was found difficult to get a suflicient quantity 
of material in the goove, and, moreover, the temperature of the boat 
when heated was often much higher than that of its contents. The 
graphite tube which had a few perforations along the upper side to 
allow of the escape of gases was held in graphite plugs, the latter 
being soldered into water-cooled brass tubes after electro-coppering the 
ends. ‘The brass tubes were fitted into the side arms of a glass globe 
of about 1} litres capacity as shown in Fig. 1, and a perfectly tight 
joint was made between the glass and the brass by means of a special 
wax, The heating of the carbon tube was effected by the passage of 
direct current (up to 300 amperes), which was led on to the water 
cooled tubes.* An accurate control of the current was obtained by 
manipulation of a rheostat with fine adjustment in the exciting 
circuit of the dynamo used. The neck of the globe was closed bya 
rubber stopper with a mercury seal, and connexion was made through 
a tap and calcium chloride tube to a Fleuss pump, by means of which 
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* This type of apparatus was first described by J. N. Pring and KR. 5. Hutton 
(Trans., 1906, 89, 1591). 
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the pressure could be quickly reduced ‘to half a millimetre, Evacuation 
bya Tépler mercury pump was found to be much too slow, especially 
when carbon monoxide began to be produced. Before each experiment 
the apparatus was exhausted for several hours, a little phosphoric oxide 
ging placed inside the apparatus to absorb water vapour. In many 
cases the carbon tube was heated to about 600° for a short time to 
ysist the drying. The air was then re-admitted through the drying 
tube, the phosphoric oxide quickly removed, a little glass wool placed 
above the stopper in the neck to shield it from heat radiation, and the 
globe re-exhausted, 

In the actual experiment the temperature of the graphite tube was 


Fre. 1. 


ue graphite tube containing the mixture of the oxide and carbon is mounted inside 
an evacuated glass globe in graphite plugs soldered into water-cooled brass 
tubes. The latter serve as leads for the heating current and are luted into the 
side arms of the vessel. 


nised fairly rapidly to a dull red heat, and then raised by small steps, 
areful measurements of the temperature being taken at each, until 
uy desired value was attained. 

Temperature Measurement.—Temperature measurements were made 
iymeans of the Wanner optical pyrometer, which was used with an 
tumeter and rheostat in circuit, and was frequently standardised. 
Apert from the question of deviation from black-body radiation it 
"s thought possible that the temperature inside the carbon tube 
aig be higher than that of the outer surface. To test this particular 
Mitt, an experiment was carried out with a thermo-junction placed 
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inside the graphite tube. The couple wires were threaded through 
thin bent porcelain tubes passing through holes near the ends of the 
graphite tube (Fig. 2), and were brought down and cemented through 
two tubes passing through the stopper in the neck of the flask. 
(Before heating the carbon tube the apparatus was exhausted as in the 
reduction experiments.) Any leak of the heating current on to the 
thermo-couple wires would of course have been fatal to temperature 
measurements. Its absence was demonstrated by the fact that on 
suddenly applying the current when the tube was cold, or suddenly 
breaking the current when the tube was heated, no appreciable 
movement was noticed on the thermo-couple galvanometer. 

As an additional safeguard, after taking a ‘set of readings for 
different temperatures, the readings were repeated with the direction 
of the current reversed. No sensible difference, however, was observed 
between the two series of readings, so that the porcelain tubes seem 
to retain their insulating properties quite well up to 1300°. Between 
900° and 1250°, the temperatures observed on the thermo-element 
inside the tube agreed reasonably well with those given by the optical 
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pyrometer sighted on the outside. The readings of the former were 
lower than those of the latter by slightly varying amounts, the 
maximum being 15°. It is, then, probable that the temperatures 
indicated by the optical pyrometer are rather higher (although by not 
more than about 10°) than the actual temperature inside the carbon 
tube ; at any rate up to 1250°. 
No. ¢ 
S1VE 
Int 


In the results which are to be found in the following pages, this 
correction has not been applied, as the experimental error is probably 
of about this order. 

Method of Determining the Reduction Point.—The temperature at 
which reduction commenced was gauged by the commencement of the 
evolution of carbon monoxide from the mixture of oxide and carbon. 

Interference of Gas Occluded by Carbon.—The most serious difficulty 
encountered was the fact that the carbon and the graphite tube 
contain occluded gas which is gradually given off as the temperature 
is raised. It was found, however, that if the temperature were raised 
in small steps and maintained constant for some time at each, the 
increment of pressure due to occluded gas in a given time wis 
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practically constant for different temperatures. (In order to reduce 
the amount of occluded gas as far as possible, and to expel any 
moisture, the carbon and the graphite tube were generally given 
a short heating before use.) The method for estimating the rate of 
gas evolution finally adopted and followed in all the experiments 
consisted in maintaining the tube at a constant temperature for five 
minutes and observing the rise of pressure during the interval. At 
the end of each interval, the pressure was reduced by rapid evacuation 
during the next minute, and the temperature then raised to another 
value,at which it was maintained for five minutes, and so on. The 
rate at which gas is evolved from the carbon depends, first, on the 
difference in temperature between each step, and, secondly, on the 
length of time the carbon has been maintained at a constant tempera- 
ture. Of course, the increase in pressure on raising the temperature 
is to some extent due to expansion as well as to the actual gas evolution. 
This effect, however, is approximately constant for each temperature 
step, and is only small, as the average temperature of the gas probably 
does not exceed 200° when the carbon tube is heated to 1500°. 

To find the magnitude of the increment of pressure caused by 
oceluded gas, a blank experiment was first carried out with a graphite 
tube filled with retort-carbon (a form of carbon used in most of the 
reduction experiments). For steps of about 80° over a temperature 
range of 900° to 2000°, the rise in pressure during five minutes varied 
from 2to4mm. In the actual reduction experiments, as the mixture 
only contained a fairly small proportion of carbon and the temperature 
on nearing the reduction point was only raised in steps of 20° to 30°, 
the rise in pressure during five minutes seldom exceeded 2 mm. 

Fixing of Reduction Point.—When the reduction temperature of the 
oxide is attained, the gas evolution shows a marked increase. This is 
perhaps best shown by giving the experimental data for a typical 
experiment (with retort-carbon and chromium sesquioxide). 


7 Pressure risen 
No. of succes- in mm. 


sive 5 min. aa Rise of 
Intervals, Amperes. Volts. Temp From To pressure. 

] 110 3°5 930 3 4 1 

2 120 3°9 1014 2 4 2 

3 130 4°2 1107 3 5 2 

4 135 4°35 1134 3 5 2 

o 140 4°50 1163 3 5 2 
Reduction 

point. 

6 145 4°75 1195 { 14 10 

‘ 150 4°85 1230 5 29 24 

o 150 4°85 1230 6 24 18 

” 150 4°85 1230 5 16 11 

10 150 4°85 1230 i 12 7 

ul 150 4°85 1230 5 10 5 
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When the temperature is maintained constant a little aboye the 
reduction point, the gas evolution gradually dies away on account of 
the decrease of contact surface as reduction proceeds. As regards the 
fixing of the temperature at which reduction commences, the following 
convention was used: if there be a sharp jump from a pressure rig 
of, say, 2 mm. in five minutes to one of 10 or 20 (as in the above 
example), the reduction temperature is taken as the mean of the two 
temperatures, but if at three successive temperature steps the rises jn 
pressure are such as 2, 5, 15, then the middle temperature is taken as 
that of initial action. With temperature steps of 20—30°, this 
method gives quite concordant results. On account of the reversible 
nature of the reaction between carbon and metallic oxides, the pressure 
of carbon monoxide present should have some influence on the redue. 
tion temperature. However, in these experiments the pressure of 
carbon monoxide when reduction commenced was practically constant, 
being in no case above 5 mm., so that any variation from this cause 
would be within the errors of temperature measurement. 

Owing to the high thermal conductivity of graphite, the temperature 
of the tube was not uniform, but fell off towards the ends, the 
temperature being, however, quite sensibly uniform for 2—5 cm. in 
the centre. Consequently, when the temperature of the centre was 
only taken just above the reduction point, the reduction was contined 
to 2 or 3 cm. in the middle. This portion was extracted by breaking 
the tube, and its appearance under the microscope and its behaviour 
with various reagents investigated. 


Reduction of Chromium Sesquioxide. 


Details of Experiments.—To proceed to an account of the actual 
results, the oxide most carefully studied was chromium sesquioside 
Some preliminary experiments showed that reduction commenced at 
about 1200°. The material used was Merck’s “extra pure” chromium 
sesquioxide, which was intimately mixed with a good quality retort 
carbon (the same sample being used throughout all the series of 
experiments) in approximately the theoretical proportions. The re 
duction temperatures estimated from three careful experiments with 
these materials were 1180°, 1185°, and 1195° respectively. 

The product contained small globules of metallic appearance fairly 
uniformly distributed through the cross-section of the central portiot. 
Quantitative reduction was never obtained on account of the limit to 
the intimacy of admixture attainable with retort-carbon (the tempera- 
ture not being taken much above the reduction point). The product 
effervesced vigorously with cold dilute hydrochloric acid, and the 
hydrogen evolved had an odour of hydrocarbons, so that probably the 
metal was somewhat carburised. 
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The manner in which the gas evolution falls off when the tempera- 
jure is maintained constant a little above the reduction point was 
deemed worthy of further investigation. 

Fuperiments on the Mechanism of the Reduction.—With an intimate 
mixture of chromium sesquioxide and retort-carbon the temperature 
yas gradually raised to a value slightly above the reduction point 
(to 1230°) and maintained constant there, the increments of pressure 
during successive five-minute intervals being noted. The way in 
which the rise of pressure increases and then falls off is shown in 
Fig. 3 (Curve A). 

Another experiment was next carried out under exactly similar 
cnditions with a mixture of chromium sesquioxide and coarse retort- 
carbon in the same proportions as before. (The retort-carbon was a 
portion of the sample used in the other experiments, but with the 
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ganules of such a size that they passed through a muslin sieve with 
3 meshes to the inch, but not through one with 52.) In this case 
the pressure began to rise at about the same temperature, but the 
extent of the reaction was much more limited. Even on afterwards 
nising the temperature to 1300° the gas evolution was small. The 
meat influence of this intimacy of mixture is shown in Fig. 3, and 
would seem to point to several important conclusions. 

|. The temperature at which the gas begins to be evolved is that at 
Thich reduction by carbon takes place, and is not a mere process of 
tissociation.* 


+ . . ° . . . . . 
The dissociation of the oxides of vanadium, niobium, and tantalum in a 
"uum was studied by W. von Bolton (J. Soc. Chem. Ind., 1906, 25, 957), and 


tlt of the oxides of lead, bismuth, antimony, and cadmium by Damm and Krafit 
‘be, 1907, 40, 4775). 
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2. The falling off of the gas evolution and the incompleteness of ti 
reduction is due to the decrease of contact surface between oxide anj 
carbon. In the experiment with the coarse carbon the reduction eouli 
be very plainly seen to be limited to the actual surface of the carbo 
granules, which were coated with a metallic mirror. This last fac 
also indicates that the reduction is really effected by carbon and not 
by any hydrogen or carbon monoxide present. 


Effect of Different Varieties of Carbon. 


It was also thought desirable to investigate the effect of different 
varieties of carbon, chromium sesquioxide again being a convenient 
oxide to use for the comparison. The carbon next tried was that 
obtained by the explosion of acetylene. This is a very pure carbon 
and at the same time is in an extremely fine state of division. 

A. Acetylene Black.—A mixture was made in the theoretical pro- 
portions, the acetylene black being first made more compact by 
compressing into a glass tube. Here the temperature of reduction 
found was lower than that for retort-carbon and was specially wel 
marked. For instance, in one experiment the increments of pressure 
in five minutes at 1100° and 1120° were 1 mm. and 57 mm. respee- 
tively. Three experiments done under similar conditions gave 2 
reduction temperatures 1110°, 1105°, and 1100°. The gas evolution 
fell off rather quickly, and the cross-section of the product in the 
centre appeared to be quite homogeneous and metallic. No green 
chromium sesquioxide could be seen, and practically all the product 
dissolved in hydrochloric acid (chromium sesquioxide after ignition is 
almost unacted on by acids), so that the reduction appeared to have 
been practically complete, the maximum temperature having been 
1120°. The completeness of the reaction, and perhaps to some extent 
the fact that the reduction temperature obtained is lower than that 
for retort-carbon, is due to the very perfect contact of carbon and 
oxide, 

B. Purified Sugar Charcoal.—To determine whether the small 
amounts of ash or hydrogen in the form of carbon previously employed 
interfered with the reaction, an experiment was performed with 
purified sugar charcoal. This was finely pulverised and heated for 
about fifty hours in a current of chlorine at a temperature of over 
1000° in a porcelain boat placed in a fused silica tube. It was subse 
quently heated for a short time in nitrogen, and finally in hydroget. 
A portion gave an ash content of 0-04 per cent. This carbon was 
ground up with chromium sesquioxide in the usual proportion. With 
the object of expelling the occluded gas from the graphite tube, this 
was heated to 2000° for some time in a vacuum (in the reduction 
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apparatus) before filling with the mixture of oxide and carbon. The 
temperature of initial action in this case proved to be rather higher 
ould MME tan that for retort-carbon, {namely, 1240°. This may be to some 
bon Mag extent due to the hardening of the carbon by the prolonged heating to 
fact shich it was subjected before use. 


Reduction Temperature of Manganous Oxide. 


Manganous oxide was prepared by reduction of the higher oxides by 
bydrogen. For the first experiments the oxide was obtained in a more 
rent or less crystalline state by introducing a trace of hydrogen chloride 
lent into the hydrogen used for the reduction (Deville, Compt. rend., 1861, 
53, 199), the object being to render the product more stable in air. 


bon The manganous oxide was intimately mixed with retort-carbon in the 
theoretical proportions. The point at which carbon monoxide began 
mr0- to be evolved was very sharply defined—rather more so than with 


} chromium sesquioxide. It was soon evident that samples of manganous 
Jon oxide prepared in this way at different times did not give concordant 
rell reduction temperatures, For example, three different batches gave 
ure reduction points of 1200°, 1100°, and 1125° respectively. This dis- 


ee: crepancy was not due to any experimental error, as different experi- 
ments with portions of the same batch gave results agreeing among 
iou themselves, 

The conclusion arrived at was that the variation was due to differences 
"en in the physical state of the manganous oxide. Probably the exact 


uct state of the crystalline oxide varied with the temperature and other 
conditions of its preparation. It was afterwards found that the oxide 
ve could be obtained in a form quite stable in air without the use of 


e0 hydrogen chloride by heating to a fairly high temperature in hydrogen. 
Another advantage of this simpler method of preparation is that the 
risk of contamination by chloride is avoided. Manganous oxide so 
prepared gave a reduction temperature of 1105°. This temperature 
would then seem to be the true reduction point for amorphous 
manganous oxide by retort-carbon. When reduction commences, a 
mall mirror-like sublimate probably consisting of metallic manganese, 
which is a relatively volatile metal, always formed slowly on the globe. 
The residue on the central part of the graphite tube appeared to contain 
a good deal of metal. It effervesced vigorously with cold dilute hydro- 
thlorie acid and with boiling water. On treating with copper sulphate 
‘lution and examination under the microscope, the metallic globules 
onginally white were seen to have become unmistakably copper-plated, 
A sample of the gas produced on solution of the residue in acid was 
inalysed, and proved to contain 57 per cent. of hydrogen and 39 per 
“nt. of methane. Considering this in conjunction with the known 
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action of acid on manganese and manganese carbide (Mn,(), the 


: ‘ time, 
calculated percentage of carbon in the metal is 6. 
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Reduction of Uranium Dioxide. 


Black uranium oxide was reduced to the dull copper-coloured dioxide 
(UO,) by strongly heating in hydrogen. Two experiments with , 
mixture of this oxide and retort-carbon indicated reduction tempera. 
tures of about 1480° and 1500° respectively. The central reduced 
portion of the residue was found to have become of much darker colour, 
and was caked hard together. The unchanged mixture from the ends 
of the graphite tube was unaffected by hydrochloric acid, but the 
central portion effervesced briskly on warming (giving an odour of 
hydrocarbons) and slowly decomposed boiling water. The presence of 
metal was not easily recognised by microscopic examination, probably 
because of the high melting point of uranium. One experiment carried 
out incidentally with uranium dioxide dealt with the effect of a large 
excess of carbon. A mixture of the oxide with carbon was made jn 
the proportions 2 to 1, the proportion (theoretical) used in the other 
experiments being 11 to 1. However, the excess of carbon seems to 
make little difference to the temperature at which reduction con. 


mences (about 1490°), although of course it decreases the amount 0 Tu 
gas evolution by diminishing the quantity of oxide present. the ti 
prope 
Reduction of Silica. oa 
- was | 
The action of carbon on silica was next studied, Pure precipitated 9 wetal 
silica was first used and mixed intimately with retort-carbon in the 
proportion SiO,:2C. A sudden rise of pressure occurred at about 
1480°, when a slight sublimate formed. As the silica used was very Th 
light and voluminous not much residue was left, so the experiment sili 
was repeated, using white sand which was purified by finely pulverising thet. 
and boiling with concentrated hydrochloric acid. Reduction com- a 
menced at about 1460° and a slight sublimate appeared as soon as the expe 
reduction had become marked. The residue, which under the A 
microscope appeared to consist of yellowish crystals, was unaffected by “ee 


sodium hydroxide solution except a portion from the extreme cold 
ends of the tubes which effervesced vigorously for a short time, 
denoting the presence of a little silicon or silicon monoxide (Potter, 
Trans. Amer. Electro. Chem. Soc., 1907, 12, 191), which had volatilised 
and escaped carburisation. The central portion, after igniting in 
air, to burn off the carbon, and then extracting several hours with 
hot hydrofluoric acid, left a large greenish-grey residue. This on heating 
to dull redness in chlorine glowed and left a black residue of carbon. 
On strongly heating a small quantity in chlorine for a considerable 
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‘jue, no precautions being taken to exclude all oxygen, the 
abstance entirely disappeared, being evidently silicon carbide or 
osyearbide (siloxicon). 

Tucker (J. Amer. Chem. Soc., 1906, 28, 853), by determining the 
peratures of different layers in a carborundum furnace, estimated 
the temperature of formation of the oxycarbide to be somewhere in 
the neighbourhood of 1600°. As the operation was carried out 
wider atmospheric pressure, the inverse reaction of the carbon 
nonoxide probably exerts a considerable effect on the temperature 
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ends of reaction. 


The reduction temperatures of a few other oxides were also studied, 


t the 
ur of g tort-carbon and the finely powdered oxide being used. 
ce of Tirconia.—With this oxide reduction commenced fairly sharply 


about 1400°, The amorphous black product seemed to be carbide: it 
glowed on heating gently in chlorine. 
Thoria.—This oxide gave the highest reduction temperature studied 


bably 
rried 


large 
le in 2 these experiments, namely, about 1600°. The yellowish-grey 
‘ther I poduet was carbide, giving a brisk effervescence with cold water. 


(The presence of metallic iron was found to have no appreciable 
bwering effect on this reduction.) 

Tungsten Oxide. —Brown tungsten dioxide was prepared by heating 
the trioxide to dull redness in hydrogen, and mixed in the theoretical 
proportions with retort-carbon. Two experiments both gave sharp 
reduction points at about 1020°. In one experiment the temperature 
was only raised to 1115°, and the resulting product seemed quite 
metallic, * 


is to 
com- 
it 0; 


ated 


out Experiments on the Dissociation of Oxides in a Vacuum. 


The experiments described on page 1489 dealing with the effect of 
using a coarse carbon for the reduction made it appear very improbable 
that the observed temperature of reduction was merely a dissociation 
invacuum. In order to leave no doubt on this question the following 
experiments were carried out. 

A trace of the oxide to be studied was placed on a platinum ribbonT 
) mm. wide, soldered to water-cooled leads, and fitted inside an 
apparatus similar to but smaller than that used for the reduction 
‘periments. A high vacuum was obtained by the use of a charcoal 
tube cooled in liquid air, The strip was heated by gradually 
pumeing currents, the current being maintained constant at each 


ent 


" According to Damner the reduction temperature of tungsten trioxide by 
‘arbon to metal (at atmospheric pressure) is above the melting point of nickel 
(1427° ). 

| The melting points of the elements of the iron group were determined in a 
similar manner by G. K. Burgess (Bull. Bureau of Standards, Reprint No. 62), 
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step for about ten minutes, cooled down in the interval, and the 
residue examined by a microscope. The “ black-body” temperatyy 
was determined by the Wanner pyrometer, and the necessary cor. 
rection for the departure from perfect “ blackness” applied. 
Experiments with Manganous Oxide.—After heating to a tempera. 
ture of 1400°, the oxide was certainly unaffected except that the 
green colour was perhaps a little more intense. Just about 14§(° 
however, the traces of green oxide were (after cooling) seen to hayg 
collapsed, leaving metallic-looking spots. This change takes place 
quite definitely and sharply if a very minute quantity of the oxide js 
used. No definite indication of any melting of the oxide before 
reduction was observed. 
Manganous oxide was found to be oxidised by heating under a 
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pressure of 1 mm. of air, the green colour being, however, restored on 
heating in the high vacuum. 

These experiments show quite conclusively that manganous oxide 
undergoes no dissociation at its temperature of reduction by carbon, 
namely, 1100°. 

Uranium Oxide.—With this oxide the indications were much les 
definite, but a similar kind of dissociation would appear to take place 


(1). 
temper 
appara 
being 
about 


in the neighbourhood of 1600°. (2) 
Chromium Sesquiovide—In this case practically no effect seemed to (1105° 
be produced by heating in a high vacuum to near the melting point of thoriu 
the platinum strip. The oxide on cooling had become slightly darker those 1 
in appearance, but seemed to be otherwise unaffected. It is, howevel, of the: 
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vite certain that chromium sesquioxide does not undergo the slightest 
jsociation at its reduction temperature by carbon. 

Jungsten Diowide.—Tungsten trioxide on heating to successively 
higher temperatures becomes first dark blue (W,O,) at about 1250°, 
pera- ag aud then brown (WO,) at about 1350°. At a temperature of about 
; the MM 150° a fairly sharp change takes place, the brown oxide almost 
46(°, i disappearing. One may conclude, therefore, that tungsten dioxide 
have M4 dws not exhibit the slightest tendency to dissociation at its reduction 


pint (1010°). 
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efore Euperiments on the Dissociation of Oxides in Air at very High 
Temperatures. 

me Aseries of experiments was now carried out in the open air, using 


w iridium strip soldered on to water-cooled tubes. The radiation 
wrection for the temperature readings was assumed to be the same 
is that for platinum and palladium. 

Chromium Sesquioxide.—This was quite unaffected after heating to 
140°. About 1700° the trace of oxide after cooling began to have in 
ome places a darker colour and a more or less crystalline appearance. 
This change gradually progressed as the temperature was raised, some 
shrinking taking place. When the temperature had been raised to 
about 2000°, the residue on cooling appeared quite metallic, and a 
jistinct effervescence took place on moistening with a drop of 
hydrochloric acid under the microscope. 

An experiment with purified sand showed that at about 1750° the 
crystalline particles lost their shape (fairly sharply) and became 
vemi-fused. 

In the case of the oxides of manganese, chromium, tungsten, and 
silicon studied, there is thus no doubt that at their reduction 
temperatures, the phenomenon of dissociation plays no part. This 
appears to be also true for uranium, although the evidence in this 
case Is not quite so clear. 


v 
Summary. 


(1) A method has been worked out for measuring with accuracy the 
wmperatures of reduction of refractory metallic oxides by carbon, the 
ipparatus devised being suitable for use up to at least 2000°, and 
teing capable of maintaining the temperature constant to within 
about 10°, 

(2) It is shown that the oxides of chromium (1185°), manganese 
(105°), uranium (1490°), silicon (1460°), zirconium (1400°), and 
thorium (1600°) are reducible by carbon at temperatures far below 
those which are generally supposed to be necessary for the production 
ofthese metals from the oxides. 
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(3) These reductions commence very sharply at a given temperature, 
but the progress of the reduction depends greatly on the intimacy of 
contact and thus on the degree of subdivision of the oxide and carbop, 

(4) The reduction temperature is found to alter on using differen: 
varieties of carbon. In some cases differences are also indicatej 
between samples of the oxide prepared under varying conditions, but 
the effect can be shown to be due to the physical state of the oxide, 

(5) In all the cases studied the reaction takes place long before the 
melting point of the oxide is reached, and the product of reduction js 
also in the infused state, 

(6) Experiments to measure the temperature of dissociation of these 
oxides indicate that they are extremely stable (even in a high vacuum) 
up to temperatures far exceeding the reduction point by carbon, 
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CXLUL—The Production of Ferro-alloys. 
By Harotp CeciL GrEENWwooD, M.Sc. 


Ir is a well-known fact that whilst it is very difficult to produce 
elements such as chromium and silicon by direct smelting of the 
oxides, the production of ferro-alloys from a mixture of the oxides 
with ferric oxide is a comparatively simple matter. To account for 
this behaviour several causes can be suggested. 

(1) Greater fusibility of the alloy and consequent agglomeration of 
the reduction product into a mass escaping re-oxidation or back 
reaction. 

(2) That the local increment of temperature due to the oxidation of 
carbon by the ferric oxide might raise the temperature of the neigh- 
bouring particles of the more refractory oxide to that required for 
reduction. 

(3) Some definite chemical affinity between the two metals. Some 
experiments conducted with silica led to a somewhat lengthy investige 
tion of the problem. The temperatures of reduction of certain oxides 
by carbon in the presence of metallic iron and other substances were 
studied, the apparatus used being that described in the preceding 
paper. ; 

Influence of Iron on the Reduction of Silica.—A preliminary exper! 
ment using a mixture of purified sand, retort-carbon, and electrolytic 
iron powder in the proportion 20:8:30, respectively, indicated that 
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reduction commenced at a much lower temperature (about 1200°) than 
sith silica and carbon alone (1460°). This fact seemed so striking 
that the matter was closely investigated. 

The product of the experiment, in which the temperature was raised 
o 1300°, was found to be only slowly attacked by boiling concentrated 
jydrochloric acid (unlike pure metallic iron). No appreciable magnetic 
paration could be effected. After a short ignition in air to remove 
arbon, the central portion was practically completely soluble in warm 
hydrofluoric acid, consequently it did not contain silicon carbide. On 
account of the great inertness of iron silicide it was found very diflicult 
io establish the presence of silicon in this form. The only method at 
ill satisfactory was to heat a small quantity to dull redness in chlorine, 
ad test if silicon chloride was produced. The exit gases were passed 
through sodium hydroxide solution, which was filtered from any ferric 
hydroxide produced by ferric chloride volatilising over, acidified, and 
wmonium hydroxide added. With the above vesidue a very distinct 
ylatinous precipitate was produced. The objection to this method 
is that a mixture of silica and carbon is known to give silicon chloride 
on heating to a rather high temperature in chlorine. However, a 
jlank experiment with a mixture of iron, silica, and carbon (the iron 
king added so that the effect of the rise of temperature due to the 
combustion of the metal might be the same in both cases) treated in a 
imilar manner gave no precipitate of silica, so that it may be con- 
duded that iron silicide was present in the former mixture. 

On repeating the reduction experiment more carefully, the gas 
wolution seemed to commence at a rather lower temperature, namely, 
tout 1100°. In another experiment, using the finely-divided iron 
ibtained by reducing ferric oxide in hydrogen at a dull red heat, 
reduction commenced about 1050°. The temperature was maiutained 
it 1140° for some time, and the resulting product warmed in chlorine, 
vhen silicon chloride was obtained, showing the presence of iron 
ilicide as in the first experiment. (To ascertain if the iron used con- 
itined any oxide, an experiment was carried out with this metallic 
in mixed with carbon, but no evolution of gas in quantities sufficient 
winterfere with the above experiment was noticed.) 

These experiments leave no doubt that the presence of metallic iron 
tercises a remarkable influence on the reaction between silica and 
arbon, The exact temperature at which action commences is, as 
ight be expected, not so sharply defined as in the simple reduction 
fan oxide. The experiments would also point to the conclusion that 
tthe reduction of a mixture of the oxides of iron and silicon the 
iiluence of the iron is exerted after reduction (which takes place at a 
“mparatively low temperature) and not through the heat developed in 
the process, 
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Influence of Ferric Oxide on the Reduction of Silica.—With the ide 
of gaining more light on this point, an experiment was carried oy 
with a mixture of silica, retort-carbon, and ferric oxide. 

In this case, it is, of course, impossible to ascertain anything aboyt 
the reduction of silica from the gas evolution. The temperatur 
having been raised to 1130°, the product was heated in chlorine 
before when only a slight turbidity due to silica was obtained. This 
would indicate that ferric oxide does not exert any appreciable jn. 
fluence on the reduction of silica before itself undergoing reduction, 
The fact that the reduced iron had produced so little reduction was 
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probably due to its poor contact with silica. Efe 
Effect of Metallic Manganese on the Reduction of Silica.—The effect HH (in th 
of metallic manganese was also investigated. With an intimate MM a ex 
mixture of purified sand, retort-carbon and metallic manganese (free HM ferric 
from aluminium and sodium), reduction commenced pretty sharply jp 11 
about 1100°,* the temperature being raised to 1200°. After HMM yas wu 
heating the product (which was hard and crystalline) in chlorine, boilin; 
and testing for silicon chloride as with iron, a marked precipitate of the m 
silica was obtained. (A blank experiment with a mixture of silica, i} gall, 
carbon and manganese gave no such indication.) was fi 
Effect of Copper on the Reduction of Stlica.—It was hoped that by Hi wsqui 
using a mixture of purified sand, retort graphite and copper powder, @M ferrou 
it might be possible to collect any silicon formed by its solution in the Jud 
molten copper. Reduction commenced at about 1250°, and the tem GM the re 
perature was raised as far as 1340° The result, however, was Hi tenper 
disappointing, as the copper had not fused together, but a grey residue MMM nay h; 
was left which was only attacked with difficulty by nitric acid—the Efe 
copper having probably formed silicide. wide, — 
Referring to the three suggested causes for the influence of the MM dromj 
presence of ferric oxide on the reduction of oxides by carbon, these Mi about 
experiments seem to show that local raising of temperature by HMM mide 
reduction of ferric oxide does not play an important part. Probably i dromi 
direct affinity between silicon and the metal accounts for a good deal ms op 
of the action, especially as the products (with iron, copper and maD- Hii} petal) 
ganese) were only difficultly fusible. itn-chi 
Influence of Iron on the Reduction of Chromium Sesquiowide.—The wil trom. ¢ 
above experiments with silica led to an investigation in a similar Way HMM bydroc} 


of some other oxides from which ferro-alloys are produced technically. 

Starting with chromium sesquioxide, a mixture with retort-carbo 
and metallic iron (electrolytic powder) was taken. Contrary to th 
experience with silica, the mixture behaved just as if iron were absen 
giving a sharp reduction point of 1190°. It was found possible 


" Reduction temperature in absence of manganese is 1460 . 
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separate the metallic portion of the residue from unchanged oxide by 
piling with permanganate solution 
(2K MnO, + Cr,O, = 2MnO, + K,Cr,0, ; 

this proceeds easily even with chromium sesquioxide which has been 
srongly heated), filtering, washing the residue with an alkaline 
slution of hydroxylamine hydrochloride to reduce the manganese 
jioxide, and then quickly washing with very dilute sulphuric acid 
ad water. The acid easily dissolves the manganous oxide without 
wuch action on the metallic portion, which on drying seems quite free 
from chromium sesquioxide or any other oxides. 
Effect of Ferric Oxide on the Reduction of Chromium Sesquiowide.— 
(n the supposition that ferric oxide might have some specific action, 
an experiment was performed using a mixture of retort-carbon with 
ferric oxide and chromium sesquioxide, the temperature being raised 
to 1130°. Curiously enough, the residue was yellowish-brown and 
vas unaffected by acid (except for the metallic iron present) and by 
wwiling with permanganate. Thus it was not found possible to isolate 
the metallic portion (which, moreover, seemed to be present only in 
wall quantity). Probably what had happened was that ferric oxide 
wis first reduced to ferrous oxide, which combined with chromium 
equioxide to form the brown spinel (feO,Cr,O,), only the excess of 
ferrous oxide being further reduced to metal. 
Judging from these experiments, neither iron nor its oxides facilitate 
the reduction of chromium sesquioxide below its ordinary reduction 
temperature. At higher temperatures, the solvent action of the iron 
may have some effect in preventing re-oxidation. 
Effect of Metallic Manganese on the Reduction of Chromium Sesqui- 
wide—Using instead of iron a mixture of metallic manganese with 
tiromium sesquioxide and retort-carbon, reduction seemed to commence 
iout 1120°.* The temperature was only raised to 1150°, but the 
msilue on examination appeared to contain very little unreduced 
tromium sesquioxide. Another experiment in which the temperature 
ms only raised to 1140° gave a similar result. On extracting the 
wetallic portion by boiling with permanganate and treating as in the 
m-chromium oxide experiments, the product appeared quite free 
tom chromium sesquioxide under the microscope, and dissolved in 
yiochlovic acid to a bright green solution evidently containing 
thigh percentage of chromium. 
There is then little doubt that the presence of metallic manganese 
Some extent facilitates the reduction of chromium sesquioxide by 
turbon, 
Efeet of Iron on the Reduction of Manganous Oxide.—On heating 

* Reduction temperature in absence of manganese = 1185°. 
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manganous oxide (the oxide reduced in pure hydrogen being used) 
with retort-carbon and electrolytic iron, the gas evolution became 
very marked at 1030° ;* the temperature was raised to 1055° The 
metallic portion, which had slightly fused, was isolated by Washing 
with dilute sulphuric acid, when manganous oxide is much more easily 
attacked than the metal. The residue under the microscope appeared 
quite free from any green oxide, and on testing gave the reactions of 
manganese. (A blank experiment with a mixture of manganous 
oxide and iron treated in the above way gave only an extremely faint 
coloration on boiling the solution of the metallic residue with lead 
peroxide and nitric acid.) In this case, then, iron appears to exert 
some influence on the reduction. 

The alloys formed by chromium and manganese with iron are more 
fusible than the silicon alloys, so that the part played by the solvent 
action of the iron may be rather greater than with silica. 
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Finally, I wish to express my thanks to Dr. R. 8. Hutton for 
suggesting the above investigation, and for much useful advice during 
its progress. 

* Reduction temperature in absence of iron = 1105”. 
Evecrrno-CHeMICAL LABORATORY, 
Tue UNIVERSITY, 
MANCHESTER. 
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CXLIV.—The Proteins of Egg-yolk. 

By R. H. Apers Piromer, D.Sc. 

Ix 1900 T. B. Osborne and G. F. Campbell (J. Amer, Chem. Sot, L 
1900, 22, 413) described an alternative method to the one usually 10 p 
employed for preparing vitellin from egg-yolk, which consisted in othe: 
dissolving the yolk in 10 per cent. sodium chloride solution, extracting on 
the lecithin and fat by shaking with ether, and then dialysing, 0 int 
pouring the solution into a large volume of water, whereby the liqui 
vitellin is precipitated. By re-solution in sodium chloride solution this 
and reprecipitation by water, followed by extraction with alcohol and cpit 
ether to remove lecithin, the vitellin was obtained in a state of disse 
comparative purity. aceti 
On repeating this process it was observed that, after complete pre and 


cipitation of the vitellin by water, the aqueous solution gave <—— 
marked biuret reaction, and that, on boiling and slightly acidifying 
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ith acetic acid, a large precipitate of coagulated protein was formed. 


used) This was at first regarded as unprecipitated vitellin, but a phosphorus 
came TM :.iermination at once showed its non-identity with this protein, for 
om contained 0°1 per cent. of phosphorus compared with 1-0 per cent. 
shing in vitellin. It seemed scarcely possible that this coagulable protein 
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yas identical with ovalbumin present in the yolk, since ovalbumin is 
eagulated by ether, and since it contained less nitrogen than does 
ovalbumin ; consequently it was necessary to regard itas a second and 
ys yet undescribed protein in the yolk of eggs. 

As itis impossible to decide upon the identity or non-identity of 
jwo proteins from the figures obtained by ultimate analysis, and as 
lifferentiation by hydrolysis into the constituent amino-acids requires 
, considerable amount of material, and, moreover, is as yet not 
uticiently quantitative in its results to arrive at a decision, recourse 
was had to the determination of the various forms, in which the 
nitrogen is contained in the proteins. This method was first carried 
out by Hausmann, and has been used by several investigators, more 
especially by Osborne and Harris (J. Amer. Chem. Soc., 1903, 25, 323) 
in their study of the vegetable proteins which showed distinct 
jiferences. Vitellin and this new protein showed a very close 
similarity to one another, but they differ considerably from ovalbumin, 
and it may he concluded that this protein is another constituent of 
egg-yolk, It is suggested that the protein may be vitellin without 
the phosphorus-containing portion and that it be provisionally named 
livetin, ‘¢ 
The presence of another protein in egg-yolk is mentioned in 
Hammarsten’s Lehrbuch der physiologi hen Chemie, 6th edition. 
Gross,* by precipitation with ammonium sulphate, obtained a protein 
lifering widely in composition from vitellin. 


hore 
vent 


for 
ring 


EXPERIMENTAL. 


[. Twenty-five egg-yolks were mixed with about an equal volume of 
10 per cent. sodium chloride solution, and extracted several times with 
ether until the ether separated without colour. The saline solution 
was then reddish in colour and almost transparent. It was poured 
into about twenty volumes of water, and after twenty-four hours the 
liquid was decanted from the precipitate of vitellin. For purification, 
this was redissolved in 10 per cent. sodium chloride solution, repre- 
cipitated by water, and the process once more repeated. It was finally 
dissolved in very dilute sodium hydroxide, filtered and precipitated by 
wetic acid. After thoroughly washing with water, boiling with alcohol 
and ether to remove lecithin, and drying over sulphuric acid, the 


* Inaug. Diss., to which I bave been unable to refer. 
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vitellin was obtained as an almost white powder ; it weighed 3] 
grams, For analysis the substance was dried at 110° : 

0°9242 gave 0°02802 P,O..* P=1°1. 

02074 ,, 0:03192 N,t N=15°39. 

0°2322 ,, 0°03528 N,. N=15:19 per cent. 

The aqueous solution from which this vitellin was precipitated gave 
a very marked biuret reaction, but no further precipitate on dilution: 
when heated to boiling in the presence of a small quantity of acetic 
acid, a coagulation occurred. The whole quantity was therefor 
filtered, and in several portions was heated to boiling, each portion 
being slightly acidified with acetic acid. The several portions of 
coagulated protein were collected together on a filter, thoroughly 
washed with water, boiled with alcohol and ether to remove lecithin, 
and dried over sulphuric acid, when 30 grams of an almost white 
powder were obtained. It gave the following results on analysis, for 
which a portion was dried at 110°. 


05676 gave 0:001395 P,O,. P=0-1l1. 
02514 ,, 0°03808 N,. N=15:15. 
02876 ,, 00434 N,. N=15-09 per cent. 
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This coagulated protein thus contains about the same amount of 
nitrogen as does vitellin, but the amount of phosphorus is very 
different. It must therefore be regarded as not identical with 
vitellin. 

It has recently been found by Kaas (Jonats., 1906, 27, 403) and 
by Willeock and Hardy (Abstr., 1907, i, 366) that ovalbumin contains 
0-13 per cent. of phosphorus, and [ have specially confirmed this with 
a specimen of crystallised ovalbumin prepared by Hopkins’ method: 

0°9356 gave 0°00228 P,O,. P=0°11 per cent. 

In spite of this similarity in the phosphorus content, it seemel 
scarcely possible that these two proteins could be identical, since 
ovalbumin is coagulated by ether, whereas livetin is not coagulated. 
The following experiment with carefully washed yolks was therefore 
undertaken to determine this, and in order to confirm the above 
result. 

If. Thirty-two egg-yolks were singly thoroughly washed free from 
adherent egg-white by allowing a gentle stream of water to flow over 
them when held in the palm of the hand. They weighed 548 grams, 
and were mixed with an equal volume of 10 per cent. sodium chloride 
solution. As before, this saline solution was extracted with ether 
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* The estimations of phosphorus were all made by Neumann's method # 
moditied by Plimmer and Bayliss (J. Physiol., 1906, 38, 441). 
+ All the nitrogen estimations described in this paper were carried out 1 


Kjeldahl’s method. 


PLIMMER: THE PROTEINS OF EGG-YOLK. 1503 


wtil the ether was colourless, but instead of being poured into a 
large volume of water it was dialysed for twenty-four hours; at the 
and of this time a large precipitate of vitellin formed; this was 
wparated from the aqueous solution which was again dialysed for 
pwenty-four hours, whereby the last traces of vitellin were thrown 
jown. The precipitate of vitellin was purified as in Experiment I, 


wi 42 grams of lecithin-free material were obtained. The analysis 


a ms carried out with a portion dried at 110°: 

fore 4636 gave 0°01445 P,O,, P=I1-14. 

tion 02900 ,, 004354 N,. N=15-01. 

s of 02070 ,, 003094 N,. N=14-94 per cent, 

ghly As before the aqueous solution was filtered and heated in several 


wrtions to 100°, when coagulated protein separated in the form of 
fakes, commencing at about 60°, and being complete at about 90°. 
The collected portions were washed, boiled with alcohol and ether, 
al dried over sulphuric acid; the yield of livetin in this case was 
grams, and just as in the first experiment it contained’ 0°l per 
wat. of phosphorus, as shown by the analysis : 

2750 gave 0:00203 P,O,. P=0°10. 

03730 ,, 005544 N,. N=14°86. 

03050 ,, 004592 N,. N=15-05 per cent. 

II. A third experiment was carried out exactly as described above 
rith twenty egg-yolks ; 16 grams of vitellin and 11 grams of livetin 
rere obtained, which gave the following results on analysis ; 


ains Vitellin IIT. 

05900 gave 0°0142 P,O,. P=1°05. 

02486 ,, 003752 N, N=15-09. 

01972 ,, 0°02926 N.. N=14°84 per cent. 


Livetin ILI. 


‘ince 
ted. 18956 gave 0:00216 P,O,, P=0'11, 
fore 03294 ” 0:04886 N,. N =14°83. 


02116 ,, 003136 N,. N=14-82 per cent, 

lV. It was now necessary to determine whether livetin existed in 
‘rom a SS yolks as such or whether it resulted by the action of sodium 
over am “ride on vitellin, Fourteen washed egg-yolks (= 254 grams) were 
ams, therefore extracted with fresh quantities of ether until the ether 
*parated almost without colour. The residue was then extracted three 
times with about 2 litres of water ; the second extract only contained 
‘small quantity of protein, whilst the third extract was free from 
jotein, The first aqueous extract was filtered and heated to boiling 
Uslightly acid solution, when a coagulum was formed. This was 
rshed with water, boiled with alcohol and ether to remove lecithin, 
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and dried over sulphuric acid (yield =6 grams). Analysis was carriej 
out with material dried at 110°: 
0-9376 gave 0°001395 P,O,. P=0°65. 
03354 ,, 0°05026 N,. N=14-98. 
03620 ,, 0°05404 N,. N=14-93 per cent. 
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The residue was dissolved in dilute sodium hydroxide, filtered, and 2 
precipitated by acetic acid. This process was repeated, and 12 grams const 
of vitellin were obtained after boiling with alcohol and ether, and is CO 
drying over sulphuric acid. For analysis, a portion was dried at 110°: gen, 

0:6470 gave 001268 P,O,. P=0°85. the 1 

03028 ,, 0:04648 N,. N=15°35. veget 

03530 ,, 0:05404 N,. N=15-31 per cent. At 

" 

V. Twenty-one washed egg-yolks (=436 grams) were treated 
exactly as in experiment IV. Ten grams of vitellin and 7 grams of wei 
livetin were obtained of which the following are the analyses : pis 

Vitellin V. mixti 
0°3664 gave 0:0085 P,O,. P=0-99. nitro 

03284 ,, 0:05068N,. N=15-43. thoro 

02764 ,, 0°04242 N,. N=15°35 per cent. (hum 

‘ ae and ¥ 
Livetin V. ee 

1:0516 gave 0°0014 P,O,. P=0°59. (20 g 

0°3338 ,, 005082 N,. N=15-22. 100 ¢ 

03196 ,, 004802 N,. N=15°02 per cent. hours 

The percentage of phosphorus in the preparations of livetin 1V andV conta 
is considerably greater than in the preparations I, II, I[f. This may be acid 3 
due toa slight solubility of vitellin in water in the presence of livetin, preci} 
which would consequently increase the amount of phosphorus in these paper 
preparations ; it is scarcely possible that vitellin is separated into a drain 
phosphorus-containing portion and a phosphorus-free portion by the deter 
action of 10 per cent. sodium chloride solution as used in the first meth 
preparations, for under these conditions the amount of phosphorus in caleul 
vitellin would be greater than 1 per cent., and, further, when the prepa 

vitellin is purified by re-solution in sodium chloride solution and re comp 
precipitated, no protein coagulable by heat is found in the water. The the « 
former method is therefore the better one for separating the two the f 

Osbon 


proteins. 

The yields of vitellin and livetin obtained in the various prepara 
tions fluctuated considerably ; in the first preparation, they were 
respectively 3] and 30 grams or almost equal amounts ; in the other 
preparations, the yield of livetin was considerably less than that of 
vitellin. This difference suggests a close relationship between the two 
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proteins in the yolk of eggs, and it is emphasised by the preparations 
containing almost exactly the same amount of nitrogen, which is very 
jiferent from that in ovalbumin, and also excludes the identity of 
jivetin with ovalbumin. Ovalbumin, according to Osborne and Harris, 
contains 15°51 per cent. of nitrogen. 

In order to determine the relationship of these two proteins in the 
yolk of egg more closely, the preparations were hydrolysed into their 
constituent amino-acids, and the various forms in which the nitrogen 
is contained—namely, amide-nitrogen, humin-nitrogen, diamino-nitro- 
gen, monoamino-nitrogen—was estimated by Hausmann’s method in 
the manner described by Osborne and Harris in their study of the 
vegetable proteins. 

About one gram of each preparation was hydrolysed by boiling with 
0 cc. of concentrated hydrochloric acid for seven to ten hours. The 
solution was evaporated in a vacuum at 40° to remove free hydrochloric 
acid, the residue treated with about 300 e.c. of water, and a slight 
excess of magnesia, freed from ammonia by boiling, was added. This 
mixture was distilled in a vacuum at 40° and the ammonia (=amide- 
nitrogen) estimated. The solution was then filtered ; the residue was 
thoroughly washed with water, and the nitrogen contained in it 
(humin-nitrogen) estimated by Kjeldahl’s method. The filtered solutions 
and washings were concentrated on the water-bath to 100 c.c., allowed 
to cool, and precipitated with 30 c.c. of phosphotungstic acid solution 
(20 grams of phosphotungstic acid and 5 grams of sulphuric acid per 
100 cc. of water). The precipitate was filtered off after twenty-four 
hours and washed three times with a solution of phosphotungstie acid 
containing 2°5 grams of phosphotungstic acid and 5 grams of sulphuric 
acid in 100 c.c, of water, the washing being effected by rinsing the 
precipitate from the filter into a beaker and returning to the filter 
paper three times, each portion of the wash water being allowed to 
drain away completely before the next was added. The nitrogen was 
letermined in the precipitate (=diamino-nitrogen) by Kjeldahl’s 
method and the nitrogen in the filtrate (=monoamino-nitrogen) 
caleulated by difference of these values from the total nitrogen of the 
preparations. ‘Two experiments were carried out in each case, and for 
comparison two experiments were performed with caseinogen (Merck), 
the other well-defined phosphoprotein. The results are embodied in 
the following table, in which are also given the values obtained by 
Usborne and Harris for ovalbumin. 


—— = 
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Total Amide- Humin- —_Diamino. ree 
ee nitrogen. nitrogen. nitrogen. nitrogen. difference), . 
Lintin I 1818)isx 078075 Olam 888\r0 vm OX 
Vielin TP i5a9 OM oa loos Ble on 
Livetin II. 16g | 14°96 0-59 } 0°64 0-34 $0°39 340 y3°32 10°61 Iya co 
vintintt. iethiee Sisloc SBloa Elo om ny 
VilinTHE 150) 607 S880. O3loa5 888 lsa1 ane 
Lintin IV. #8) iegg O88 logs 9381096 212 wy a 
TT ee pteee Canete ‘Saclees Sitten 86a prepare 
Livetin V.. ean }1512 ore lores pag }0°26 tj PE 1088 , 
Wien Ys Heghiswe faplors fakloae flac wm 
aes 15°51 1°34 0°29 3°30 10°58 Binino 
Harris). bydriva 
As can be seen from the table, distinct differences are noticeable " 


between the values obtained for vitellin and livetin for the same 


preparation, although they are very close to one another. These GI 
differences are most marked in the monoamino-nitrogen figures, which 
are considerably higher for livetin than for vitellin. “The opposite is 
the case for the amide-nitrogen and the diamino-nitrogen figures. 
The several preparations of both ‘vitellin and livetin do not give 
exactly the same figures ; this is probably due to the impossibility of It wa 
preparing a protein in a state of purity, in consequence of which some tion” in 
investigators, such as E. Fischer, consider a protein as made up of a of the 
mixture of complex substances which cannot be separated. If the atom, a 
complexity of a protein be considered, the same protein may not always groups 
be built up by the cells of amino-acids in exactly the same proportions. the inh 
In the case of eggs, it must be remembered that greater or smaller introdu 
changes in development occur before they are available for examination. Phydrit 
This may also account for the different yields which were obtained, It wi 
and it is possible that both vitellin and livetin represent stages in the chlorofc 
change of a single original protein in the egg-yolk. yielding 
It may, however, be concluded that egg-yolk contains two proteins; and syn 
which are fairly closely related to one another, the one, vitellin, con- quantit 
taining 1 per cent. of phosphorus, and the other, livetin, containing however 
0'l per cent. of phosphorus. the cal 
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(XLV.—The Action of Bromine on B-Hydrindone. 


By NorMAN ALLEN CreEETH and JoceLyn Fietp THORPE. 


jya communication (Trans., 1908, 93, 165) dealing with the prepara- 
tion and reactions of §-hydrindone, it was shown that the a-carbon 
stom of this substance cannot apparently carry a group of more than 
, certain molecular weight or volume, and that if a group greater 
than this is introduced the compound exists as a derivative of hydr- 
nyindene. Thus, whereas a-cyano-a-methyl-8-hydrindone (I) exists 
sa true ketone, the corresponding ethyl derivative cannot be 
prepared in this form, but always occurs as 3-cyano-2-ethoxyindene 
(II): 

. CH, 0 , CH . 

CH .<ou? (ony?O CH <oicyyPCOHt. 

(1.) (I.) 

Attention was also drawn to the same phenomenon in the case of 
Siminohydrindene and its derivatives, for whereas B-imino-a-cyano- 
bydrinaene (III) is a true imino-compound, the corresponding carb- 
oylic acid (LV) and its ethyl ester (V) are derivatives of 2-amino- 
indene : 


CH, CH, , 
(, W<uiony > (NH CHL<EWco, 0H)? C" ‘NH, 
(III.) (IV.) 

_ CH, ve 
CHOCO, Rt) Et) >C:NH,. 
(V.) 


It was suggested at the time that these instances of “ steric inhibi- 
tion” in all probability depended on the molecular weights or a function 
of the molecular weights of the groups uniting with the a-carbon 
ijom,and in order to ascertain whether the actual weights of the 
groups as distinct from their volumes were the determining cause of 
the inhibition, experiments were tried in which the effect of the 
introduction of a heavy atom such as bromine on the molecule of 
Shydrindone was closely studied. 

It was found that ®-hydrindone is brominated very readily in 
thloroform solution, and that the bromination proceeds quite normally, 
yielding ultimately aayy-tetrabromo-8-hydrindone. The monobromo- 
ind sym.-dibromo-derivatives are also easily prepared when the correct 
{uantity of the chloroform solution of bromine is used. It was found, 
towever, that instead of the tribromo-derivative being formed when 
the calculated quantity of bromine is added, the product always 
wnsists of a mixture of the tetrabromo- and sym.-dibromo-derivatives. 
Wewere unable to isolate the tribromohydrindone from the products 


e 


—— 
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of this reaction, and it is apparently not formed under the eXperi. 
(Tran 


well-d 
with 
Br). 

disap, 
time | 
reacti 
on th 
solid 

hydri 
light 


solver 


mental conditions employed. 

There is no doubt that the monobromo-, dibromo-, and tetrabromo. 
derivatives of 8-hydrindone prepared in this way have the formule 

©, HGH 00 0,8 <onmco CH<Ghe Sco 
respectively. This is shown by the fact that they are all tai ketones 
insoluble in alkalis. Moreover, the position of the bromine atoms jy 
the hydrindene ring is proved by their behaviour towards hot aqueous 
potassium hydroxide, when products free from bromine are in each 
case obtained. Unfortunately, these products from the monobromo- 


and dibromo-derivatives are ill-defined, since internal condensation 
always ensues with the formation of compounds of high molecular 


weight, but the formation of phthalidecarboxylic acid (VII) from 01! 
aayy-tetrabromo-B-hydrindone with this reagent clearly shows that 

the bromine atoms of all these bromine derivatives are in the hydr. 2 

indene ring. ss A 

The curious formation of phthalidecarboxylic acid in this manner is - 

evidently caused by the following series of reactions : rom 

> CO. 

CH <Gpst>CO —> CHL <Gg CO —> CULO _ 

6 CBr ( ()- ( MO”? ultim: 

),H a =a $e 

Ce ( _ 

‘ ‘ — hyd 

CM <ciorm-con —> Sono ?? “i 

(V1.) (VII.) 9 

7 <C0- Up ti 

CH, CHO a solic 

(VIII) Con 

The conversion of a compound of formula (V) into a derivative of This « 

mandelic acid (VI) is quite analogous to the conversion of benzoyl: atom | 

formaldehyde (1X) into mandelie acid (X), which von Pechmann has the 

shown (Jer., 1887, 20, 2539) takes place readily in the presence of dissol 

dilute alkali : of ex 

a flas 

C,H,*CO-CHO — C,H,"CH(OH)-CO,H. bdr 

(IX.) (X.) = 

ast ss ciebdeaes conde! 

It is evident, therefore, that the phenomenon of inhibition does not react 

arise when elements of high atomic weight are introduced. It is bia 

therefore probably a question entirely of molecular volume. areser 

on th 

possi 

a-Bromo-B-hydrindone, C,H oH, 00 solid y 

aleohc 

The preparation of B-hydrindone for the purposes of these experi- lee 

ments was effected by meins of the reactions described previously 93 | 
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‘Trans., 1908, 93, 186). 1°17 Grams of 8-hydrindone were dissolved in 
yell-dried chloroform and the solution mixed as quickly as possible 
with 3°2 ¢.c. of a solution of bromine in chloroform (1 ¢.c. = 0°4255 gram 
pr). A violent reaction ensued, and the colour of the bromine rapidly 
disappeared, leaving the solution pale yellow in colour ; at the same 
ime large quantities of hydrogen bromide were evolved. When the 


hes reaction was complete, the chloroform solution was slowly concentrated 
sin on the water-bath until the residue solidified on cooling, when the 
‘Os HM lid was spread on a porous plate until free from oil. a-Bromo-f- 
ach hydrindone may be recrystallised either from methyl alcohol or from 
mo- . 


light petroleum (b. p. 80—90°), and can be obtained from either 
wlvent in colourless prisms melting at 91° : 


01931 gave 0°:1730 AgBr. Br= 38:1. 
C,H;,OBr requires Br = 37°9 per cent. 


a-Bromo-B-hydrindone is soluble in all the usual organic solvents, 
aud is characterised by possessing greater solubility in methyl alcohol 
and in light petroleum than either the dibromo- or tetrabromo- 
derivetives. It is insoluble in cold aqueous alkali hydroxides or 
carbonates, but rapidly darkens on boiling with these reagents, leaving 
ultimately a black solid free from bromine from which, however, no 
definite products could be isolated. When boiled with water, the 
bydrindone loses hydrogen bromide, and slowly passes into solution, 
from which, on cooling, a viscid oil separates not containing bromine. 
Up to the present, we have not succeeded in obtaining this oil in 
a solid condition. 

Conversion of a-Bromo-B-hydrindone into a-C'yano-B-hydrindone.— 
> of This conversion was carried out in order to prove that the bromine 
wal atom of a-bromo-B-hydrindone is in the hydrindene ring and not in 
. the benzene nucleus. Five grams of the bromo-derivative were 
of dissolved in aleohol and mixed with a concentrated aqueous solution 
of excess of potassium cyanide, the operation being carried out in 
a flask fitted with a reflux condenser, so arranged that a current of 
bydrogen could be passed by means of a narrow tube down the 
condenser and thus replace all the air in the flask throughout the 
raction, This precaution was found to be necessary since both 
vbromo-3-hydrindone and a-cyano-@-hydrindone rapidly oxidise in the 
presence of alkali. After the contents of the flask had been heated 
o the water-bath for two hours, they were filtered as rapidly as 
posible, and the filtrate acidified with dilute hydrochloric acid. The 
‘lid which then separated was collected and recrystallised from dilute 
ilcohol, when the characteristic plates of a-cyano-G-hydrindone, melt- 
ing and decomposing at 172°, were obtained (compare Trans., 1908, 


93, 179) 
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0°2213 gave 17:1 cc. N, at 18° and 764mm. N-=9-0. 
C,,H,ON requires N = 8:9 per cent. 

From this experiment it is therefore evident that the bromine atom 

in a-bromo-8-hydrindone is in the a-position of the hydrindene ring, 
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ay-Dibromo-B-hydrindone, C,H eee OO. 


This substance was prepared in the same manner as the monobromo. 
derivative, 1°85 grams of 8-hydrindone being dissolved in dry chlor. 
form and mixed as rapidly as possible with 10°5 c.c. of a solution 
of bromine in chloroform (1 c.c.=0°4255 gram Br). A vigorous 
reaction took place, and just as in the former case the whole of the 
bromine was quickly absorbed, considerable quantities of hydrogen 
bromide being at the same time eliminated. The pale yellow chloro. 
form solution was then concentrated on the water-bath to a small 
bulk, when the residue solidified on cooling. The solid was spread on 
a porous plate and recrystallised, first from methyl alcohol and finally 
from light petroleum (b. p. 80—90°), being obtained in large, colour- 
less needles melting at 111°. The compound becomes red on exposure 
to the air: 

0°1963 gave 0°2555 AgBr. Br=55-4, 

C,H,OBr, requires Br =55°2 per cent. 


The 
indone 
this s1 
yetro! 
be mu 
it was 
petrol 
lll°a 
be ay 
bydrit 
invest 
brom¢ 
at 15. 
two, 

defini 
at res 
from 
obtain 


ay-Dibromo-B-hydrindone is much less soluble in hot methy] alcohol 
and in hot light petroleum than a-bromo-f-hydrindone, and these two 
substances can be readily separated from one another by means of 
these solvents. It is insoluble in cold aqueous alkali hydroxides and 
in alkali carbonates, but when boiled with these reagents becomes first 
red and finally dark green. We were unable to isolate any definite 
products from this reaction, the dark green substance formed in the 
manner described above being insoluble in all the usual organic 
solvents, and therefore impossible to purify, It does not contain 
bromine. 


aay-Tribromo-B-hydrindone. 


It has already been mentioned that in the experiment which should In 
have yielded this tribromo-derivative a mixture of the dibromo- and J tissol 
tetrabromo-derivatives was obtained, but although the experiment af bre 
in this respect was unsuccessful, yet it is worthy of recording because nubs 
the mixture of the two bromo-compounds behaves in many respects as wate 
a homogeneous substance having the composition of the tribromo tlow 
derivative, and for some time we did not recognise that it was in bre 
reality a mixture. The bromination was effected in the usual way, - 

on 


the exact quantity of the chloroform solution of bromine (for 6 atoms} 


EEE 
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icing added all at once to a weighed quantity of #-hydrindone 
jissolved in chloroform. The colour of the bromine did not immedi- 
ely disappear, and it was found necessary to warm the chloroform 
wlution in a flask fitted with a reflux condenser for some time before 
the whole of the halogen had been absorbed. It is evident, therefore, 
that the formation of the bromo-derivatives of -hydrindone at the 
ordinary temperature ceases with the dibromide, and that beyond this 
the aid of heat is required. After all the bromine had been absorbed, 
omo- the chloroform solution was evaporated, the solid residue spread on a 
plate and finally recrystallised from methyl alcohol. In this way 
wlourless prisms were obtained which appeared to be quite homo- 
rous MH geneous and which melted fairly sharply at 153°: 

0:2135 gave 0°3274 AgBr. Br=65+25. 

C,H,OBr, requires Br= 65-0 per cent. 


avom 


The analysis therefore agrees closely with aay-tribromo-f-hydr- 
indone, and we saw no reason to doubt the homogeneous character of 
this substance until while recrystallising a quantity of it from light 
ytro'eum (b. p. 80—90°) we noticed that a portion appeared to 
be much less soluble in this solvent than the remainder. Ultimately 
itwas found that by repeated fractional recrystallisation from light 
petroleum two substances could be isolated, one of which melted at 
lll and the other at 173°. Direct comparison proved the former to 
ie ay-dibromo-B-hydrindone and the latter to be aayy-tetrabromo-f- 
bydrindone. It is probable, although we have ‘not experimentally 
investigated the point, that ay-dibromo-8-hydrindone and aayy-tetra- 
tromo-8-hydrindone are isomorphous, and that the substance melting 
at 153° is an isomorphous mixture of molecular proportions of the 
two. It is unusual, however, for an isomorphous mixture to possess so 
ieinite a melting point, but any further doubts on this point were set 
itrest by reerystallising a prepared mixture of the two constituents 
om methyl alcohol, when the substance melting at 153° was again 
obtained. 


aayy-Tetrabromo-B-hydrindone, CH <on> CO. 
2 
In order to prepare this substance, 3 grams of B-hydrindone were 
iisolved in dry chloroform and mixed with 34°4 c.c. of a solution 
{bromine in chloroform (1 ¢.c.=0°4255 gram Br), the whole being 
wubsequently placed in a flask fitted with a reflux condenser and 
iwated on the water-bath for two hours. At the end of this time the 
‘low of the halogen had completely disappeared, but in order 
replace any possible loss of bromine which might have occurred 
during the process of heating, a further quantity (1°5 c.c.) of the 
tloroform solution of bromine was added and the heating continued 
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for half an hour longer. At the end of this time the chlorofory 
solution, still slightly coloured by excess of bromine, was evaporated, 
and the solid which remained, after being spread on a porous plate, 
recrystallised from chloroform, or, better, from a mixture of chlorofor 
and light petroleum (b. p. 80—90°). In this way the compound was 
obtained in large, colourless, rhombic prisms melting at 173°; 


02009 gave 0°3370 AgBr. Br=71:54. 
C,H,OBr, requires Br = 71-4 per cent. 


aayy-Tetrabromo-B-hydrindone is very sparingly soluble in meth! 
alcohol and in light petroleum (b. p. 80—90°), and it can readily be 
separated from lower brominated products by means of either of these 
solvents. It is quite unacted on by cold alkali hydroxides, but gradually 


passes into solution on boiling, yielding ultimately phthalidecarboxylic Tuer 
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acid. 


Phthalidecarboxylic acid, C,H <cHco, np? 


This substance can be readily and quantitatively prepared from aayy- 
tetrabromo-8-hydrindone by the action of hot potassium hydroxide solu- 
tion. The finely-ground bromo-derivative is mixed with excess of a 20 
per cent. solution of potassium hydroxide and boiled until all has passed 
into solution. During this process the bromide gradually dissolves, 
and when five grams are used the operation is usually finished at the 
end of one hour. The alkaline solution is then acidified with hydro 
chloric acid and extracted thoroughly with ether, the ethereal extract 
being subsequently shaken with dilute sodium carbonate solution. 
The sodium carbonate extract, after being acidified, is again extracted 
with ether, the ethereal extract being dried and evaporated, The 
residue, which solidifies on cooling, is then recrystallised from water, 
when colourless needles are obtained melting at 152° and evolving 

carbon dioxide at about 180°: 


0-1864 gave 04142 CO, and 0°0572 H,O. C=60°61; H=3-4l. 
C,H,0, requires C= 60°7 ; H= 3°3 per cent. 


The silver salt is precipitated as a white crystalline powder on 
adding a solution containing the calculated quantity of silver nitrate 
to a neutral solution of the ammonium salt : 


0°3185 gave 0°1205 Ag. Ag=37°83. 
C,H,O,Ag requires Ag = 37°9 per cent. 
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The acid when distilled yielded an oily distillate, which soliditied 
on cooling. On recrystallising the distillate from water, colourless 
needles were obtained melting at 73°; 


INS 
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0:1795 gave 04701 CO, and 0:0746 H,O. C=71:42; H=4-61. 
C,H,O, requires C=71°6 ; H=4°5 per cent. 

The compound is therefore phthalide, and the acid, phthalide carb- 

oxylie acid. 


MancursTeR UNIVERSITY. 


CXLVIi.—The Constituents of Canadian Hemp. 
Part I. Apocynin. 


By Horace Finnemore, B.Sc. 


Tur root of Canadian hemp (Apocynum cannabinum) has the useful 
property of retarding the heart in systole, and is employed as a remedy 
for dropsy and heart troubles ; it is official in the United States. 
Although Husemann pointed out, in 1876, that the medicinal value of 
the drug was probably due to the presence of a constituent analogous 
to digitalin, it does not appear to have been examined closely until 
1883, when Schmiedeberg (Arch. Hap. Path. Pharm., 16,161) obtained 
from it two substances, which he named apocynin and apocynein 
respectively. The first of these had the characteristic physiological 
properties of Apocynum, but as the product appeared to be amorphous 
aud resinous,and was obtained, moreover, only in very small quantity, 
it was not examined chemically. 

The so-called apocynin of American pharmacy is merely the product 
obtained by precipitating the alcoholic extract with water and subse- 
quently drying, but a definite crystalline substance is now produced 
commercially in small quantities under the same name, and has also 
ven isolated by Wood (J. Amer. Med. Assoc., 1904, 43, 1953) from 
the alecholic extract. Wood’s apocynin was considered by him to be 
identical with the crystalline commercial product, and melted at 113° ; 
u0 analysis was made, however, and pharmacological examinatiou 
wemed to render it doubtful whether it was the active constituent 
wught. Inquiry having recently arisen as to the cause of certain 
mtoward symptems following the use of this drug, it was decided 


wore-investigate the nature of its active constituents on an adequate 
sale, 
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Forty kilos. of commercial A pocynum cannavinum root,* reduced to 
‘coarse powder, were exhausted with hot 90 per cent. alcohol, for 
ified 
rless 


" The cost of this large quantity of material was defrayed from the grant made 
'y the Royal Society to the Physiological Department of Guy’s Hospital, for which 
“eauthor desires to express his thanks. 
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which purpose a copper Soxhlet apparatus was constructed capable 
taking a charge of about 4 kilos. of thedrug. Subsequent extractiog 
the residues with water yielded nothing further. The greater part of 


the alcohol having been removed by distillation, the remainder yy a. 
expelled by heating with water in an open vessel. On Cooling the ‘ ‘ilu 
aqueous solution thus obtained, a dark brown, resinous mass yy a bl 
deposited, which, after being twice extracted with boiling water, ys of 
reserved for subsequent examination. The united aqueous solution: he for 
were then extracted many times with ether, the apres residue again The 
being reserved for further examination. lela 
The combined ethereal extracts yielded on removal of the solvent a 
comparatively large amount of a pale brown, syrupy residue, whic at 
speedily deposited a copious, crystalline product. After recrystal a | 
lisation from ether at the ordinary temperature, and further recrystal seohols 
lisation from dilute alcohol or hot water, this proved to be a well 
defined substance identical with the crystalline apocynin of commerce . 
In all about 89 grams of this compound were obtained, representing a 
yield of 0-2 per cent. on the original material. Both the res 0408 
deposited from the alcoholic extract on treatment with water, and th 
residue of the aqueous solution after extraction with ether, yield The « 
other equally definite products, although in smaller quantities ; thes with ac 
are still under investigation, the results of which it is hoped t areflux 
communicate later. with ” 
Apocynin crystallises in slender, colourless prisms, melts sharply rerysta 
115° (corr.), and may be distilled at about 300° without undergoin uelted 2 
serious decomposition. It has a faint odour recalling that of vauilli 0140 
Although it may be sublimed slowly on a water-bath, apocyni 
is comparatively slightly volatile with steam ; it is readily soluble img The b 
hot water, alcohol, ether, or chloroform, sparingly so in cold water, an@jj with be 
practically insoluble in light petroleum, by which it may convenientlfii product, 
be precipitated from alcoholic solution. There is no doubt as mas obti 
its identity with the products already mentioned: the crystallingij lhis der 
appearance is similar to that depicted photographically by Wood ; thegg tui, a: 


melting point is the same as that of the crystalline apocynin 0169 
commerce, and is unaffected by admixture with this substan 
Further, the characteristic derivatives (page 1518) are identical : 
I. 0:1947 gave 0°4629 CO, and 0:1074 H,O, C=64:8; H=6. 
II. 01480 ,, 0:3531 CO, ,, 00816 H,O, C=65:1; H=61. 
0-2051 in 19°65 acetic acid gave a depression of 0°23°. M. W.=17 
0°4589 ,, 19°65 ,, » “ 052°. M. W.=17 
C,H,,0, requires C=65'1; H=6-0 per cent. M. W.=166. 
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Phenolic Derivatives of Apocynin. 


Apocynin gives the usual phenolic reactions. It is soluble in cold 
kalis, from which it is precipitated unchanged by carbon dioxide 
or dilute acids, It is particularly characterised by the formation of a 
deep bluish-violet coloration with ferric chloride in aqueous solution, 
shich disappears on boiling with excess of the reagent, owing to 
ihe formation of an insoluble product. 
The potassium derivative was prepared by the addition of the 
aleulated amount of alcoholic potassium hydroxide to an alcoholic 
«lution of apocynin (1°66 gram) at the ordinary temperature, and in 
ihe course of twenty-four hours was deposited as a crystalline mass. 
After recrystallisation from a mixture of moist ethyl and amyl 
alcohols, it formed well-defined, colourless needles. It is an unstable 
compound, however, and, after being kept for some weeks, was no 
longer soluble in alcohol : 
04080 gave 0°1540 K,SO,. K=16°9. 

C,H,0,K,14H,O requires K = 16-9 per cent. 
The acety? derivative was obtained by heating apocynin (2 grams) 
rith acetic anhydride (10 grams) and dry sodium acetate (2 grams) in 
srelux apparatus for four hours. After shaking the clear product 
vith water, a crystalline substance slowly separated, which, after. 
wrystallisation from dilute alcohol, formed colourless needles and 
nelted at 57° (corr.) : 
01401 gave 0°3125 CO, and 0:0742 H,O. C=608; H=5°8. 
C,,H,,0, requires C= 60°8 ; H=5'8 per cent. 
The benzoyl derivative was prepared by shaking apocynin (1 gram) 
vith benzoyl chloride and aqueous sodium hydroxide. The solid 
product, when washed with water and recrystallised from dilute alcohol, 
ms obtained in silky, needle-shaped crystals melting at 106° (corr.), 
lhis derivative is especially well adapted for the identification of apo- 
min, as the crystals are particularly beautiful and characteristic : 
11695 gave 0-4405 CO, and 00829 H,O. C=70°9; H=5-4. 
C,,H,,0, requires C=71'1 ; H=5:2 per cent. 
An identical product was made frem crystalline commercial apocynin. 
The methyl ether was prepared by adding sodium (0°6 gram) to 
iwlution of apocynin (4 grams) and methyl iodide (4 grams) in 
wilyl alcohol. After boiling in a reflux apparatus on a water-bath 
it two hours, the alcohol was distilled off and the residue poured into 
"er, On extracting the whole with ether and removing the solvent 
tim the dried solution, an oil was obtained which soon crystallised. 
‘ier reerystallisation from dilute alcohol, it formed colourless, nearly 
‘angular prisms, and melted at 51° (corr.) : 
5 H 2 
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0°1568 gave 0°3825 CO, and 0:0955 H,O. C=66:5; H=67, 
C,,H,,0, requires C = 66-6 ; H=6°6 per cent. 

This compound is insoluble in alkalis, and does not give the phenolic 

reactions described above. 
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Presence of a Methoryl Group in Apocynin. 


Three determinations by the Zeisel-Perkin method gave results 
indicating the presence of a single methoxyl group; these, however, 
although concordant, were somewhat low (17-0, 17-0, 17-2 per cent,), 
On repeating the estimation with the addition of acetic anhydride, as 
recommended by Hewitt and Moore (Trans., 1902, 81, 318), the 
following result was obtained : 

0°3471 gave 0°4929 Agl. OMe=18°7. 

C,H,0,"OMe requires OMe = 18°7 per cent. 

On extracting the residue with ether, after the estimation a small 
quantity of a crystalline substance was obtained, giving a green colour 
with ferric chloride, which changed to purple on the addition of sodium 
carbonate, the characteristic reaction of catechol derivatives. Apo- 
cynin is itself characterised by forming a bright red colour when 
boiled with 50 per cent..sulphurie acid, accompanied by the liberation 
of a volatile product closely resembling guaiacol in odour. 


The 


carba: 


Ketonic Derivatives of Apocynin. 


Although apocynin, like most phenols, readily reduces ammoniacal 
silver nitrate, it is without actiori on alkaline copper solutions, and 
does not restore the colour to leuco-magenta. The third oxygen atom 
is therefore not aldehydic ; its ketonic character, however, is established 
by the formation of an oxime, a hydrazone, and a semicarbazone. 
The 
deter 
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The oxime was prepared by dissolving apocynin (1 gram) in 90 per 
cent. aleohol (2 c¢.c.), diluted with water (10 ¢.c.), and then adding 
hydroxylamine hydrochloride (1 gram) and_ crystallised sodium 
carbonate (2 grams). After heating the whole on a water-bath for 
forty-five minutes, the product, from which an oil had separated, was 
poured into water and extracted with ether. The ethereal extract was 
washed and dried and the solvent removed, when the oxime Was 
obtained as an oil, which only crystallised after keeping for some days 
ina vacuum desiccator. It formed groups of radiating prisms, and 
melted about 80—90°. As the yield of this product was very poo 
and the amount of material limited, it was not thought necessary, ™ 
view of the very well-defined character of the phenylhydrazone and the 
semicarbazone, to prepare a further quantity for analysis. 

The phenylhydrazone was obtained by heating apocynin (1°66 gram) 
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in aqueous alcoholic solution (10 ¢.c. of aleohol and 20 c.c. of water) 
with phenylhydrazine hydrochloride (1-44 grams in 10 c.c. of water) 
and crystallised sodium acetate (1 gram) on a water-bath for an hour, 
when a brown oil had separated, together with a few slender crystals. 
On dissolving this product in alcohol and reprecipitating with water, it 
won solidified. After recrystallisation from alcohol, the hydrazone 
formed flat, yellow needles, becoming reddish-brown after some time, 
and melting at 126° (corr.) : 
01515 gave 14°7 c.c. N, at 26° and 764mm. N=11°2, 

C,;H,,0,N, requires N = 10:9 per cent. 
The semicarbazone was prepared by adding a solution of semi- 
carbazide hydrochloride (2 grams) and crystalline sodium acetate 
(2 grams) in water (5 cc.) to a solution of apocynin (2 grams) in 
50 per cent. aleohol (20 c.c.), After three hours, crystals deposited, 
which, after recrystallisation from dilute alcohol, formed colourless 
needle-shaped prisms, and melted at 166° (corr.) : 
0:2180 gave 35°0 c.c. N, at 28° and 764 mm. N=18°4. 
C,,H,,0,N, requires N = 18°8 per cent. 
An identical product was obtained from crystalline commercial 
apocynin. 


Constitution of Apocynin. Identity with Acetovanillone. 


The above results not only account for the whole of the oxygen in 
the apocynin molecule, but also practically establish its constitution, 
except as regards the orientation of the groups. A phenolic ketone of 
the formula C,H,,0,, containing a methoxyl group, cannot be other 
than a derivative of acetophenone of the constitution 
CH,°0-C,H,(OH):CO-CH,,. 
The fact that the diphenol obtained in the course of the methoxyl 
determination shows the colour reaction characteristic of catechol, and 
that the substance itself when heated with sulphuric acid gives the 
olour of guaiacol, indicates with considerable probability that it is a 
derivative of the latter. The resemblance of the odour of the sub- 
stance, albeit faint, to that of vanillin (4-hydroxy-3-methoxybenz- 
aldehyde) also suggests very strongly that it is the methyl ketone 
corresponding with this compound, and having therefore the constitu- 
tion represented by the formula : 
CH,°O 
HOC co-cH, 


This conclusion was entirely confirmed. Apocynin is identical with 
Ho acetovanillone which was isolated by Tiemann (Ber., 1892, 24, 
#895) in small quantity from a resinous by-product of the oxidation of 
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isoeugenol, and subsequently obtained by Goldschmiedt and Hemmel. 
mayr (Monatsh., 1904, 35, 338) by the hydrolysis of scoparin, The 
substances and their derivatives so completely correspond jy 
composition and properties that further work in this direction Was 
superfluous, 

The melting points of the various products are given in the following 
table. The first and second columns give those obtained by the author 
in the course of the present investigation ; the third and fourth give 
those obtained by Neitzel and by Goldschmiedt from acetovanillone 
prepared from isoeugeuol and scoparin respectively ; in the fifth are 
added the melting points of apocynin and its derivatives as prepared 
synthetically by the present author (see following paper). 


Acetovanillone. 
Apocynin, from Apocynin, 
Apocynin, natural. from scoparin. synthetic 
crystalline (Finne-  isoeugenol. (Gold- — (Finne- 
commercial, more). (Neitzel). schmiedt). — more), 
RE a shasyaes te 115° 115° 115° 115° 115° 
Acetyl derivative _ 57 58 57—58 _ 
Benzoyl * 106 106 106 ~- 106 
Methy) ether............ = 51 48—49 _ _ 
NEE ctncssédcadessusan — 80—90 95 —_ _ 
Phenylhydrazone... ... — 126 126 125 126 
Semicarbazone......... 166 166 a -- 166 


Otto’s and Neitzel’s Syntheses of Acetovanillone. 


The constitution of acetovanillone was determined by Tiemann from 
the above and other experimental data of Neitzel, the orientation of 
the groups being conclusively established by the oxidation of the acetyl 
compound to vanillic acid and of the methyl ether to veratric acid. 
The identity with 4-hydroxy-3-methoxyacetophenone was further 
confirmed by two syntheses of acetovanillone. Neitzel (loc. cit.) 
describes its production, although only in minute quantity, by 
distilling calcium vanillate with calcium acetate. Otto (Ber., 1891, 
24, 2869), also working in Tiemann’s laboratory, describes its synthesis, 
in amount suflicient for analysis, by the condensing action of aluminium 
chloride and zine chloride on a solution of guaiacol in acetic acid. 

As it was desirable to obtain a synthetic specimen of apocynin, in 
order to compare its physiological properties with those of the natural 
product, the synthetic experiments of Neitzel and of Otto on aceto- 
vanillone were repeated. The results, however, were unsatisfactory, 
and it was found impracticable to form sufficient material for detailed 
examination. 

Distillation of calcium vanillate with calcium acetate according to 
Neitzel’s directions yielded mainly acetone, the only crystalline product 
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vbtained being a few milligrams of a substance melting about 98°, 
shich gave the characteristic colour reactions of catechol (m. p. 104°), 
A repetition of the dry distillation under the more favourable condi- 
tions afforded by conducting the operation under reduced pressure in 
gn atmosphere of carbon dioxide and with the aid of a bath of fusible 
netal, gave a minute amount of a crystalline product which may have 
heen acetovanillone, but it is impossible to say definitely. Neitzel 
himself, indeed, does not even give the melting point of his product, 
pat merely states that “Das so hergestellte Priiparat zeigte alle 
Figenschaften des Acetovanillons.” 

Otto’s method proved less unsatisfactory, but the yield was too small 
for any practical purpose. From 60 grams of guaiacol, following the 
directions of this worker, 0°6 gram of crude, dark-coloured aceto- 
sanillone and 0-4 gram of fairly pure substance was obtained. This 
was still somewhat coloured, however, and melted indefinitely at 
j6-109°, but it gave the colour reactions of apocynin and yielded 
the characteristic benzoyl derivative, melting at 106°. In the light of 
Gattermann’s later observation (Ber., 1892, 25, 3232) that guaiacol 
is reaaily converted into catechol by the action of aluminium chloride, 
itis now difficult to see how Otto’s method could afford any notable 
yield of the condensation product he sought. 

The physiological properties of apocynin and the other substances 
which the author has isolated from Apocynum cannabinum, and of he 
compounds which have been produced incidentally, are in course of 
determination by Mr. P. P. Laidlaw, M.B., in the Physiological 
laboratory of this Hospital, and communication of the results is 
deferred until the work is completed. 


The author desires to express his thanks to Dr. Wade for the 
interest he has taken in this investigation, and the advice he has given 
throughout its progress. Acknowledgment is also due to Dr. F. B. 
Power for his courtesy in suspending the investigation of Apocynum, 
which bad been commenced in his laboratory, on hearing that the 
author was already engaged on the same problem. 


PHARMACEUTICAL LABORATORY, 
Guy's Hosprran, S.E. 
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vanillin, 
CXLVIL—A New Synthesis of Apocynin, ie 


By Horace Frinnemore, B.Sc. 


In view of the inadequacy of the methods already available for the 
synthesis of acetovanillone, with which the author has shown aporynin 
to be identical (preceding paper), and the desirability of obtaining ADO 
cynin for pharmacological, and perhaps medicinal, purposes by a les 
tedious and expensive method than that involved in its extraction from 
Canadian hemp (7bid.), new syntheses were sought. Apocynin is the 
methyl ketone corresponding with the aldehyde vanillin, and, at Dr. 
Wade’s suggestion, it was decided to attempt a synthesis from this 
aldehyde by an application of the Grignard reaction. The aldehyde, it 
was thought, might be converted by magnesium methy] iodide into the 
corresponding methyl carbinol, which would conveniently be termed 
apocynol, and this, on oxidation, might yield the methyl] ketone 
sought. 


CH,O CH,O 

,™ y 
OH< CHO - OH CH(OH):CH 

A ne Eee 

Vanillin. Apocynol. A 80 

CH,O which | 

oH CO-CH,, was por 

aa ? freshly 

Apocynin. areal & 


Although phenolic hydroxyl is known to react readily with the Grig- 
nard reagent, it was thought that the aldehyde group might perhaps be 
attacked preferentially if the calculated amount of material were 
employed, and that the additional operations involved in protecting the 
phenolic hydroxy] during the synthesis might thus be avoided. Some 
preliminary experiments with vanillin showed, however, that this was 
not so. There was in every case an immediate reaction with 
magnesium methyl iodide in ethereal solution and a copious precipita- 
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tion of a solid product, but on working this up in the usual manneri The 
large proportion of the vanillin was recovered unchanged, and it is and an 
doubtful whether any of the expected carbinol was formed. twice | 

On repeating the experiment with benzoylated vanillin, however, 4 etherea 
good yield of the benzoylated carbinol was at once obtained. This anhydr 
product, moreover, proved to have the additional advantage of ready amber- 
convertibility into the benzoylated ketone, from which synthetic ap0- alcohol 
cynin could be isolated in satisfactory quantities. The following recryst 
scheme shows the various compounds isolated in the course of this quanti 
synthesis and the connexions established between them. The benzos! Ben: 
vanillin was prepared in the usual manner from pure commercial colour] 
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vanillin, and was recrystallised from alcohol ; it melted sharply at 


OBz OBz OBz 
/Non “ \om “7 \om 
| Fr Te tie 02 - ie 0 e 
\ al ra 
CHO CH:OH CO 
CH, CH, 
Benzoylvanillin Benzoylapocynol Benzoylapocynin 
(m. p. 76°). (m. p. 128°). (m. p. 106°). 
| | 
t 4 Y 
OH OH OH 
(OMe (YoMe ‘ (YoMe 
ae — | 
ie bh "ae 
CHO CH:OH CO 
CH, CH, 
Vanillin Apocynol Apocynin 
(m. p. 82°). (m. p. 101°), (m. p. 115°). 


Synthetic Formation of Benzoylapocynol. 


A solution of carefully dried benzoylvanillin (25-6 grams) in ether 
which had been dried successively with sodium and phosphoric oxide 
was poured with constant shaking into a reflux apparatus containing a 
freshly prepared solution of magnesium methy] iodide prepared in the 
usual manner (dried magnesium turnings, 2°4 grams ; freshly distilled 
methyl iodide, 14°2 grams; dry ether, 80 c.c.). There was an 
immediate precipitation of a solid product, which at first redissolved on 
shaking with development of heat ; when, however, about one-third of 
the benzoylvanillin solution had been added, the precipitate ceased to 
redissolve, and the reaction proceeded more quietly. After boiling for 
half an hour on a water-bath in order to ensure completion, the well- 
cooled product was decomposed by adding ice in small pieces, followed 
by excess of dilute sulphuric acid. 
The clear liquid which was thus obtained separated into an aqueous 
and an ethereal layer ; the aqueous layer was separated and extracted 
twice with ether, the ethereal extracts being added to the original 
ethereal solution, The combined ethereal solutions were dried over 
anhydrous sodium sulphate, and on removing the solvent a clear 
amber-coloured oil was obtained, which, when dissolved in absolute 
alcohol (15 c.c.), quickly solidified to a crystalline mass. It was 
tecrystallised from the same solvent. The average yield with these 
quantities was 23 grams, or 85 per cent. of the theoretical. 
Benzoylapocynol, ©,H,(OBz)(OMe)*CH(OH):CH,, forms — small, 
colourless, rhombic prisms, and melts at 128° (corr.) : 
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0°2171 gave 05591 CO, and 01175 H,O. C=70:2; H=6-0, 
C),H,,0, requires C=70°6 ; H=5°9 per cent. 
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Isolation of Apocynol. 


On boiling benzoylapocynol (8°3 grams) with dilute aqueous potas. 
ium hydroxide (3 grams in 120 ¢.c. of water) in a reflux apparatus, jt 


gradually dissolved, and, after twenty minutes, a clear solution was Benzoy 
obtained. After boiling for ten minutes longer, the solution was potassium 
cooled and saturated with carbon dioxide. A small amount of resinous with sulp 
matter having been filtered off, the solution was extracted with ether, and the te 
The ethereal solution was dried with anhydrous sodium sulphate, and lasting ab 
on removing the solvent an oil was obtained, which crystallised in the to ensure 
course of a few hours. the hard 
Apocynol (4-hydroxy-3-methoxyphenyl methylcarbinol), times wit! 
C,H,(OH)(OMe)-CH(OH)-CH,, aleohol, 

has a distinct odour of cloves ; it separates from alcohol in exceedingly silky nee 

well-defined, colourless, rhombic plates, and melts at 101° (corr). 
Apocynol is fairly soluble in water and freely in alkalis ; its aqueous p. 1515, v 
solution gives a pure blue coloration with ferric chloride, which is The av 
unchanged by sodium carbonate : was 5 gra 
0°1293 gave 0°3037 CO, and 0°0831 H,O. C=64:1; H=7'1. 01378 

C,H,,0, requires C = 64:3 ; H=7°'1 per cent. 

A small amount of apocynol was also obtained by reducing natural 

apocynin with sodium amalgam in dilute alcoholic solution ; the main 
product was a hard, crystalline substance melting at 185—190°, pre- The fin 
sumably a pinacone; this was not examined further, but a small ' 
; ; ; ‘ ; synthetic 
quantity of oil was isolated, which had the odour of synthetic apocynol aes 
and gave the characteristic pure blue colour with ferric chloride. Sate 
When boiled with hydriodiec acid as for a methoxyl determination, itis 
apocynol is converted into a catechol derivative, wparate ; 
C,,H,(OH),*CH(OH)-CH,, ilkalis. | 
which it is interesting to note differs from adrenaline, vith cark 
C,,H,(OH),-CH(OH):CH,-NHMe, “or 
only by the absence of the terminal methylamino-group. This product i oom 
is still under investigation ; its physiological properties promise to be Satan 
of interest, as do those of apocynol itself. Reade 
of the th 
Conversion of Benzoylapocynol into Benzoylapocynin. The sy 
As already indicated, it was found impracticable to oxidise apocynol on thos 
to the corresponding ketone, apocynin, without first protecting the a alo 
a a , ; ean , he nt odo 
phenolic hydroxyl group. Apocynol is oxidised readily enough by t the colo 


ordinary agents, but apocynin itself is equally readily aifected, so that 
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the oxidation products of the alcohol are complex. When, however, 
the phenolic hydroxyl is protected by benzoylation, the ketonic group is 
comparatively stable towards mild oxidising agents, and the compound 
may be boiled with chromic acid mixture, for example, without serious 
loss, As benzoylapocynin is readily hydrolysed by dilute alkalis, this 
afords an easy method of obtaining apocynin from the initial product 
of the synthesis. 
Benzoylapocynol (6°5 grams) was slowly added to a solution of 
potassium dichromate (10 grams) in 100 c.c. of water strongly acidified 
with sulphuric acid (10 grams). The mixture was constantly shaken, 
and the temperature slowly raised, the operation with these quantities 
lasting about thirty minutes. After boiling for two or three minutes 
toensure the completion of the reaction, the product was cooled, and 
the hard cake of solid matter collected. This was washed several 
times with water and extracted in a reflux apparatus with 94 per cent. 
alcohol. On diluting the alcoholic solution with water, the beautiful 
silky needles (m. p. 106°) characteristic of benzoylapocynin, 
C,H,(OBz)(OMe)-CO-CH,, 
p. 1515, were obtained. 
The average yield of benzoylated ketone with the above quantities 
was 5 grams, or 77 per cent. of the theoretical : 
01378 gave 0°3574 CO, and 0:0654 H,O. C=70'7; H=5-2. 
C,,H,,0, requires C=71:1; H=5:2 per cent. 


Synthetic Apocynin. 


The final stage in the synthesis of apocynin was effected by boiling 
yuthetic benzoylapocynin (5 grams) with dilute sodium hydroxide 
(2 grams in 80 ¢e.c, of water) in a reflux apparatus for twenty minutes. 
The substance rapidly dissolved, and, as the solution turned brownish- 
yellow in colour, the boiling was not further prolonged. Nothing 
«arated on cooling the product, apocynin being freely soluble in 
ilkalis, but on decomposing the sodium salt by saturating the solution 
vith carbon dioxide, a portion of the ketone was precipitated in erystal- 
lineform ; the remainder was extracted with ether. ‘The substance was 
will somewhat coloured, however, and required three crystallisations 
from hot water (the last with the addition of animal charcoal) before 
the colour was discharged. The yield was 1-7 grams, or 56 per cent. 
of the theoretical. 

The synthetic apocynin thus obtained formed slender prisms identical 
With those of the natural product, and melted sharply at 115° (corr.), 
both alone and when mixed with natural apocynin. It possessed the 
fiint odour of vanillin characteristic of the natural product, and gave 
the colour reactions already described (see preceding paper). On 
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benzoylation, it yielded the characteristic benzoyl derivative, melting 
at 106°; with phenylhydrazine it gave the phenylhydrazone, melting 
at 126°, and with semicarbazide it yielded the semicarbazone, meltin 


The 1 

at 166° pounds 
0-1900 gave 0°4523 CO, and 0°1066 H,O, C=64:9; H=6:2, manner 
C,H,,0, requires C=65'1 ; H=6°0, with K 

° P P same fo 

In conclusion, the author desires to express his thanks to Dr, Waje ron fr 

for the interest he has taken in this work, and for his constant advice , 
during its progress. sulphini 
PHARMACEUTICAL LABORATORY, tautome 
Guy’s Hospirat, 8.E. 
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CXLVIIL.—Aromatie a-Disulphones. aed 
By Tuomas Percy Hixpircn. MacDoni 
Many instances might be given of well-known organic compounds cov- Eo “si 
taining at least two sulphone groups in the molecule, but until com- oe 
: ; Meee disulphor 
paratively recently no method had been devised for the isolation of be 
disulphones containing two sulphur atoms directly united to each are 
§ 
other. About nine years ago, however, Kohler and MacDonald ee e 
, ainir 
(Amer. Chem. J., 1899, 22, 219) succeeded in preparing a-disulphones 

: : ; : . on oxidat 

of this nature by the interaction of sulphony] chlorides and the sodium tam ch 
sho: 


salts of aromatic sulphinic acids, thus : 
R-SO,Cl + R’*SO,Na = R-SO,"SO,°R’ + NaCl. 
Dr. Smiles and the author (Trans., 1907, 91, 519) observed that in 
the oxidation of d-camphor--sulphinic acid by potassium perman- 
ganate, about 12 to 18 per cent. (depending on the conditions of the 
reaction) was converted into d-camphoryl-a-disulphone. 
The action of finely-powdered potassium permanganate in giacial 
acetic acid solution on several aromatic sulphinic acids has now been 
investigated, aud it has been found that varying amounts of aromatic 
a-disulphones are always obtained in addition to the sulphonic acid 
which is invariably the main product. Relatively poor yields are 
obtained when the mixture is allowed to become warm or when the 
oxidation is performed in hot acetic acid, and the best method of 
carrying out the preparation is to add the calculated amount of finely- 
powdered permanganate in very small quantities at a time, the solution 
being constantly cooled and continuously shaken. The yield varied 
from about 17 per cent. in the case of p-xylenesulphinic acid to about 
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40 per cent. from p-toluenesulphinic acid, the smallest proportion 
being formed when an ortho-position with respect to the sulphonic 
nucleus was occupied by a methyl group. 

The notable stability and other chemical properties of these com- 
pounds leave no doubt that they are disulphones, and, indeed, the 
manner in which they have now been obtained, taken in conjunction 
sith Kohler and MacDonald’s work, leads conclusively to the 
ame formula, Thus there are two possible structures for the pro- 


ducts from both methods of preparation, depending on whether the 
VI . 
ailphinie acid reacts according to the formula R*SO,H or in the 


IV 
tautomeric form R*SO-O8, as tabulated below : 


Structure of product by method of 


Structure of acid, Kohler and MacDonald. Hilditch. 
Rk'SO.H R*S0,°S0,°R R‘SO,"SO,"R 
k'SO’OH R*SO*0"SO0,"R R*S0°0°0'SO'R 


Since the substances now obtained are identical with those prepared 
from the corresponding sulphinic and sulphonic acids by Kohler and 
MacDonald, it follows that they must be represented as a-disulphones, 
and that the sulphinic acids must be assumed to contain sexavalent 
sulphur. It may be asked whether the relative proportions of 
disulphone and sulphonic acid formed serve as any indication of the 
amounts of the two tautomeric forms of sulphinie acid present, but 
such a deduction does not seem valid, since, even although th form 
containing quadrivalent sulphur could hardly give rise to a disulphone 
on oxidation, there is no reason why a certain proportion of the other 
frm should not yield sulphonic acid instead of disulphone. 

The most notable physical characteristics of this group of compounds 
we well-defined, crystalline form, stability, sparing solubility in most 
wlvents, and high melting point. Chemically they are somewhat 
ert ; prolonged boiling with water resolves them very slightly intoa 
wixture of free acids, They are not attacked by cold alkali hydr- 
xides, but moderately concentrated and hot solutions of these reagents 
iteompose them into a mixture of sulphonate and sulphinate, the 
mer being recognised by conversion to the acid chloride, the latter 
tythe melting point of the free acid and the deep blue coloration 
tbtained by adding a drop of phenetole to the solution of the acid in 
wld concentrated sulphuric acid, which disappears on addition of 
txeess of phenetole (Smiles and Le Rossignol, Trans., 1906, 89, 696). 
Suilarly, with the strongest aqueous ammonia, these compounds are 
‘owly converted on warming into a mixture of sulphonamide and 
wulphinate, thus : 


R-SO0,*S0,"R + 2NH, = R-SO,*NH, + R-SO,*NH,, 
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Although Kohler and MacDonald state that these derivatives yy, 
be “crystallised without loss from concentrated nitric acid,” the autho 
finds that on boiling with this reagent nitration ensues, the produg 
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consisting chiefly of a dinitro-substitution product. 0136 
EXPERIMENTAL. a 
t- 
Dipheny!-a-disul phone, C,H,*SO,.°SO,°C,H,. _ 
ret 
Five grams of benzenesulphinic acid were oxidised in cold glacial acid by 
acetic acid solution by 1 gram of finely-powdered potassium permn fF the dis 
ganate. After some hours, the mixture was poured into water ani sharply 
nearly neutralised with ammonia. About a gram of a white, insoluble previou 
product separated, which, when crystallised from boiling benzene, 0°195 
formed small, white needles melting at 193—194° The substance is 0-160 
sparingly soluble in alcohol or cold benzene, and moderately so in hot (i. 
benzene or glacial acetic acid. Hot concentrated ammonia led to the 4 
formation of benzenesulphonamide and ammonium benzenesulphinate; D 
the latter was recognised by Smiles’ test, and the former, after 
recrystallisation from alcohol, melted at 152—153°: * The p 
01093 gave 0°2029 CO, and 0°0388 H,O. C=50°64 ; H=3-94, paylene 
01461 ,, 02364 BaSO,. S=22°43. chloride 
C,,H,,0,8, requires C= 51:06 ; H=3°55 ; S= 22-70 per cent. po 
; . p-xylene 
Di-p-tolyl-a-disulphone, CH,*C,H,:S0,°S0,°C,H,:CH,. on 
Two and a-half grams of crude product were obtained from the 0-110 
oxidation of 6 grams of p-toluenesulphinic acid in the manner 0-195: 
described above. After recrystallising twice from benzene, small CE 
prisms, melting and decomposing at 221° (212°: Kohler and MacDonald, thes 
loc. cit.), were obtained : The y 
0°1428 gave 02828 CO, and 00588 H,O. C=54:0; H=458. was abc 
0°1682 ,, 0°2558 BaSO,. S=20-88. needles, 
C,,H,,0,8, requires C=54:20; H=4°52 ; S=20°64 per om 0161: 
By the action of hot ammonia, p-toluenesulphonamide, melting 
137°, and ammonium p-toluenesulphinate resulted ; the substance 
dissolved slowly, but completely, in hot 50 per cent. aqueous ae The 2 
hydroxide, and, on acidifying with mineral acid and extraction wit Smiles fi 
ether, crystals of p-toluenesulphinic acid were formed, melting * , 
HE | 


85—86°. The aqueous residue on evaporation and treatment with 
phosphorus pentachloride yielded p-toluenesulphonyl chloride, melting 
at 66—68°, 

Boiling nitric acid (sp. gr. 1-4) converted the substance almost 
completely into a very sparingly soluble compound containing nitroge 
The crude product consisted of cream-coloured needles, melting not 
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very sharply at 172—1 74°, and was exceedingly difficult to purify by 

reason of its insolubility. Analysis of the purest sample obtained 

indicated that a dinitro-derivative had been chiefly formed : 

01308 gave 0°2066 CO, and 0°0488 H,O. C=43°06; H=4:15. 
C,,H,,0,N,S, requires C= 42:0; H=3-0 per cent. 


Di-p-phenetyl-a-disulphone, C,H,°O-C,H,°80,°S0,°C,H,-O°C,H 


Three grams of p-phenetylsulphinic acid, oxidised in glacial acetic 
acid by half a gram of potassium permanganate, yielded 1 gram of 
the disulphone, which crystallised in minute needles, and melted 
sharply at 208°, decomposing at the same time. It resembled the 
previous two compounds as regards solubility : 

0:1958 gave 0°3710 CO, and 0°0912 H,O. C=51°68; H=5-18. 

01600 ,, 9:1980 BaSO, S=16-99. 

(,,H,,0,8, requires C=51°89 ; H=4-€6 ; S=17°30 per cent. 


Di-p-xylyl-a-disulphone, (CH,),C,H,*SO,°SO0,°C,,H,(CH,),. 


' The p-xylenesulphinic acid used was prepared by the sulphination of 
psylene with sulphur dioxide in presence of anhydrous aluminium 
ciloride (Smiles and Le Rossignol, ‘Trans., 1908, 93, 745). By this 
process about 6 grams of pure sulphinic acid and 1—2 grams of 
pxylene sulphoxide resulted from 10 grams of p-xylene. The 
silphinic acid melted at 85°, and agreed in its properties with that 
obtained by Gattermann (Ber., 1899, 32, 1144) from p-xylidine : 

0:1109 gave 0°2287 CO, and 0°0580 H,O. C=56°26; H=5'81, 

01955 ,, 0°2700 BaSO,. S=18-97. 

C,H,,0,8 requires C=56°47 ; H=5°88; S=18°82 per cent. 

The sulphoxide was not closely examined. 

The yield of a-disulphone obtained by oxidation in the usual way 
was about 17 per cert. The recrystallised product formed white 
needles, melting at 199° : 

01612 gave 0°3348 CO, and 0°0799 H,O. C=56-65; H=5°51. 

C,,H,,0,8, requires C = 56°80 ; H=5°33 per cent. 


The author desires to express his thanks to Assistant-Professor 
Suiles for suggesting this research. 


Taz OnGANic CuEMISTRY LABORATORY, 
UNIVERSITY COLLEGE, 
LONDON. 


1528 BARLOW AND POPE: ON POLYMORPHISM, WITH ESPEo]\; REFER! 


of a par 


titionin 


CXLIX.—On Polymorphism, with Especial Reference 


to Sodium Nitrate and Calcium Carbonate, ame : 
By WitxiAm Bartow and Wiuiam Jackson Pope, erystal 
[nN previous communications (Trans., 1906, 89, 1675; 1907, 91 _ 
1150) the authors have submitted a considerable body of evideng a 
indicating that the total volume occupied by a crystalline substance Fda 
must be regarded as portioned out amongst the atoms of the cop. bs de 
ponent elements, consistently with the established homogeneity of approp 
crystal structure and the crystal form, according to the following tm : el 
definite principles. 1, That the polyhedral space appropriated by 4 y 
each atom approximates to the spherical shape so far as the environing bas ne 
conditions will allow; this may be conveniently designated the ‘IT. ( 
principle of close-packing of spheres of atomic influence. 2. That 581) 
the volume of the space which, in the case of any given compound, is benatie 
thus allotted to an atom is approximately proportional to the fund. dady 0 
mental valency of the element of which it consists; this may le de 
called the law of valency volumes. ote in 
The tendency towards sphericity on the part of the atomic domain Tt ha 
has been interpreted as arising from the establishment of equilibrium “aap 
in the crystal structure of opposing attractive and repulsive fore @% 
operative between the component atoms of the molecule. It has ben Hy 4:0) 
illustrated by constructing close-packed assemblages of spheres of spondin 
deformable but incompressible material representing the arrangemelt Hi hin of 
of the atoms in the crystalline structures concerned, and suppositg HJ 11. mo 
the assemblages subjected to a general compression from all sides, 9 eanin, 
as to flatten the spheres into polyhedra and to eliminate the inter- ulopted 
stitial space; a similar result is obtained by describing tangett My 1... a, 
planes at the points of contact between the spheres of the assemblage ling, all 
and regarding the spheres as exchanged for the polyhedra enclosed by practica 
the planes thus indicated. If, therefore, equilibrium of a structure existing 
obtains, it will be indicated by close-packing of the spheres employed Hi j.4:., | 
form the assemblage representing the structure ; the volumes of poly detinitic 
hedra derived from the spheres, and constituting the spheres of influence Bs “ 
of the component atoms, will be approximately proportional to the The s 
fundamental valencies of the elements concerned. The propriety i. Fe imme 
allotting or partitioning up the whole space among the atoms, without Fa cubic al 
leaving interstices, becomes evident directly it is admitted that the reparde 
atoms exercise individual influence according to some distance law. (Trans,, 
For every geometrical point within the structure must then be HM nojig., 
garded as exposed to the paramount influence of some particular atoll of close. 
or atoms, and if the portion of space throughout which the influence? Be cubic op 
VOL, 
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ofa particular atom is paramount is allotted to this atom, the par- 
‘itioning thus achieved necessarily excludes the presence of inter- 
itial space. This consideration shows that the conception of inter- 
sitial space amongst the spheres of atomic influence composing the 
wystal structure is unnecessary. 

The results of the conclusions already put forward are obviously 
far-reaching and should be subjected to test in the light of 
phenomena other than those which have led inductively to their for- 
mulation. ‘Tests of this kind have already been applied. Le Bas 
has demonstrated that in the normal paraffins the carbon atom 
uppropriates a volume four times as great as that occupied by the 
iydrogen atom (Trans., 1907, 91, 112; Phil. Mag., 1907, [vi], 14, 
324); Jaeger has shown that predictions as to crystalline form 
jased upon the new theory are verified in practice (Trans., 1908, 93, 
517, Compare also Jerusalem and Pope, Proc. Roy. Soc., 1908, 80 A, 
507). Further light is thrown on the subject by, and substantial con- 
irmation of the legitimacy of the methods employed results from, the 
study of the way in which the new conclusions apply to the crystalline 
forms of polymorphously related substances ; the inquiry thus indi- 
ated is included within the scope of the present paper. 

It has long been recognised that the polymorphously related forms 
of a substance are frequently related morphotropically (Pasteur, 
dun. Chim. Phys., 1848, [iii], 23, 267), although the observed 
relationship is in general confined to a similarity between corre- 
sonding angles measured on the several modifications. Relation- 
ship of a far more intimate character should, however, exist, if 
the mode of treatment which we have adopted has any physical 
weaning. Thus, in accordance with the terminology which we have 
wlopted, polymorphism may be defined as the existence of two or 
more close-packed assemblages, distinguished by difference of marshal- 
ling, all of which are partitionable into units or chemical molecules of 
practically identical configuration. The discussion of the relation 
existing between the cubic and the trigonal modifications of silver 
iodide (Trans, 1907, 91, 1174) furnishes an illustration of this 
ieinition ; both these materials are partitionable into molecular units 
of the same configuration. 

The study of the case of silver iodide reveals a peculiarity to which 
isimmediately traced the close morphotropic relationship between its 
cubic and trigonal forms, namely, that both modifications are to be 
regarded as built up from identical double layers as figured 
Trans, 1907, 91, 1174, Figs. 19 a and 6). The occurrence of the two 
nodifications of silver iodide is thus to be attributed to the possibility 
of close-packing the same layers of spheres in accordance with either 
cubie or trigonal symmetry ; the two crystalline modifications originate 
VOL, XCIII, 51 
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in the different packing together of identical unit layers (Joo, gi 
1177). It is readily perceived that in all cases where two pol. 
morphously related substances result from two different modes of 
close-packing of identical layers or sets of layers, it will be possible i 
convert the axial ratios descriptive of the one modification into thos 
of the other by aid of some simple transposition ; this has beep 
already indicated in connection with the two modifications of silye 


iodide and of zine sulphide (Joc. cit., 1178). The 
As other known instances in which a close relationship of similir as the 
kind occurs between polymorphously related substances, the following My pte¥i" 
may be quoted. The orthorhombic mineral gerhardite, ; The. 
4Cu0, N,O,, 3H,0, ores (. 
which exhibits a:b :¢=0°9217 : 1 : 1°1562, is morphotropically almost polymo 
identical with the synthetic substance, the latter being monosymmetric than th 
with a:b:c=0°9190:1:1°1402, B=85° 27’ (Wells and Penfield, fm the com 
Zeitsch. Kryst. Min., 1886, 11, 303). A similar approximate identity 9 sre, 
in axial ratios occurs between the two compounds of the composition 9°): ¢ 
NaGIHSi,O, ; the monosymmetric mineral eudidymite has the axial i ere 
ratios a:b :¢=1°7107:1:1°1071, B=86° 14’; whilst epididymite, MH!!!) 
having the same composition, is orthorhombic with the axial ratio MM ™*os f 
a:b:c=1:7274:1:1:0680. The double propionate of calcium aud 
barium, 2Ca(C,H,O,),,Ba(C,H,O,),, crystallises in the cubic system 
and forms two series of isomorphous mixtures, of cubic and tetragonal 
symmetry respectively, with the double propionate of calcium and lead, On pe 
2Ca(C,H,O,),,Pb(C,H,O,),, which crystallises in the tetragonal system of the h 
with a:c=1:0°9787 (Fitz and Sansoni, Zeitsch. Kryst. Min., 1882, 6, 1:080: 
68). It is obvious that the latter substance is pseudo-cubic, and that the mon 
its equivalence parameters approximate very closely to those of the ' 
truly cubic calcium barium salt. Carbon tetrabromide, CBr, i: 
dimorphous, crystallising above 47° in the cubic system, and below 
that temperature in the monosymmetric system with a:b:c= The e3 
1:7414:1:1-9617, B=125° 3’ (Zirngiebl in Groth, Chem. Kryst., 1906, HM tions of 
1, 231) ; as Groth has noted, the latter modification is pseudo-cubic, Hi temperat 
and if the observed forms {001}, {101}, and {110} are assigned the HM clear th 
indices {111}, {111}, and {111}, and are referred to a set of anorthic MM above sh 
axes, the axial ratios a:b:c=1:0260:1:1, a=89° 44’, B aud BM One illus 
y=90° 33’, are obtained. The monosymmetric form is thus almost Hi is pseudo 
identical dimensionally with the cubic modification. Jaeger, 
The hexagonal and orthorhombic modifications of silica are dimet- 9 suivaler 
sionally related. Quartz, with a:c=1; 1:0999, may be referred to 4 9 related t 
set of orthorhombic axes, in which 6/a=tan 60°, and the form # | — 
thombie ; 


{100} is changed to {011}; the axial ratios then become a:b:- 
cot 60°: 1:1-0999/eos 30°=0°5774:1:1:2701. In the orthorhombic 
mineral tridymite, with a:b :¢=0°5774 :1 :0°9544, the occurrenc of 
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the forms {043} and {443} allows the latter indices to be changed to 
i111}; the axial ratios then become @:6:c=0°5774:1:1°2716. These 
values are almost identical with those calculated from the hexagonal 
modification of the substance. It has been pointed out by Beckenkamp 
Jeitsch. Kryst. Min., 1901, 34, 569) that quartz and tridymite can be 
referred to the orthorhombic parameters, a: b:c=0°5774:1:0°9545, 
and 05774 : 1: 0°9544, respectively. 

The following instances, although of equal wales are not so obvious 
as the foregoing, and, apparently for this reason, have not been 
previous] y remarked. 

The accurate goniometric data furnished by Miers for the red silver 
ores (Min. Mag., 1888, 8, 37; 1893, 10, 215) afford examples of 
polymorphous relationships very similar to, but even more striking 
than those existing between quartz and tridymite. The minerals of 
the composition, Ag,SbS,, are the hemimorphously rhombohedral pyrar- 
gyrite, with a: c= 1 : 0°7892, and the monosymmetric fire blende, with 
a:b:e=1°9465: 1 : 1°0973, B= 90° ; ; the data for pyrargyrite may be 
referred to a set of rectangular axes by transposing so that the forms 
1011} and {0001} become respectively {011} and {010}. The axial 
ntios for the two minerals then become : 


a 
os 
x 
| 


= 1°9007 : 1 :1°0074, 8 = 90° 
1°9465:1:1°0973, B = 90°. 


Pyrargyrite 
Fire blende .............+ aibse 


II 
II 


On performing the same simple transposition with the axial ratio 
of the hemimorphously rhombohedral proustite, Ag,AsS,, with a :¢= 
1:0'8039, values are obtained which approximate to the axial ratios of 
the monosymmetric xanthoconite of the same composition, namely :— 


90°. 
88° 47’. 


°8671:1:1°0774, B 
9187 :1:1°0152, B 


I 


ie bet 


The examples quoted above refer to cases in which two modifica- 
tions of the same composition are sufficiently .stable at the ordinary 
temperature to allow of goniometric measurement; it is, however, 
dear that dimensional correspondences such as those pointed out 
above should be also observed amongst cases of isopolymorphism. 
Que illustration may be quoted in this connexion. Rubidium nitrate 
is pseudo-hexagonally orthorhombic with @:b:¢ =1°7366: 1: 0-7108 
Jaeger, Zeitsch. Kryst. Min., 1907, 43, 588) and, owing to the 
*uivalence of rubidium and sodium, should be isopolymorphously 
lated to the rhombohedral sodium nitrate, which exhibits, a:¢:= 
108276. On referring the latter rhombohedral axial ratio to ae 
thombic axes by transposing, so that 


a:b:e = tan 60°: 1: 0°8276 cos 30° = 1°7320:1:0°7151, 
§13 


1532 BARLOW AND POPE: ON POLYMORPHISM, WITH ESPECIAr 


REFER 
values almost identical with those for rubidium nitrate are obtained, 


Thus: spheres 


in the 
sphere, 
alt ered 
sphere 
of suc 
namel} 


Rubidium nitrate......... a:b:e = 1'7366:1:0°7106. 
Sodium nitrate............ a:bse = 1°73820:1:0°7151. 


The numerous cases quoted above, in which the goniometric 
constants for two polymorphously related substances can be imme. 
diately referred to practically the same set of axial ratios, suggest the 
existence of a relation between the respective assemblages similar jn 


character to that worked out for silver iodide. Stated in general ; i 
terms, the conclusion must be drawn that where such dimensional is ob 
coincidences obtain as between two polymorphously related assem. — 
blages, the latter are composed of practically identical layers or blocks ve oo 
of the aggregated spheres of atomic influence. It is, however, desir- Fig. 3 
able to make the conclusion more obvious by constructing the 
assemblages representing some pair of polymorphously related 
substances, and for this purpose it is convenient to select the isopolymor- 
phously related substances, sodium nitrate and potassium nitrate, 
The first of these is rhombohedral with a :¢=1 : 0°8276, and the latter 
orthorhombic with a@:b:c=0°5910:1:0°7010. The examination of 
these cases is the more important in that they are related by the 
second geometrical property to the two polymorphously related 
modifications of calcium carbonate (Trans., 1906, 89, 1732); the 
rhombohedral calcite shows a:c=1: 0°8543, and the orthorhombic 
aragonite exhibits a:b: ¢=0°6224:1:0°7206. The whole method of 
treatment is subjected to a somewhat crucial test in being applied to 
these intimately related cases, and the more especially in that many 
data are available concerning the crystal structures of these well 
known substances. 
In order to pave the way for this somewhat complicated investigs- 
tion, it is convenient first to treat a case in which the assemblage is 
more easily derivable and which is closely related to that of sodium 
nitrate ; for this reason the crystal structure of the tetartohedrally | 
cubic barium nitrate is next discussed. — 
Th 
Barium Nitrate, Ba(NO,),. of the 
A close-packed assemblage having the valency composition of the i 
tetartohedrally cubic barium nitrate is related to a closest-packed : og 
assemblage consisting entirely of bivalent spheres of influence, of pe 
which three-fourths are oxygen, through the second geometrical bei 
property previously defined (Trans., 1907, 91, 1151 and 1204). If pate 
the remaining one-fourth of the spheres are removed from the di 
assemblage and for each bivalent sphere abstracted, a sphere of volume 1907 
three, representing a tervalent nitrogen atom, is substituted, additional cells 
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spheres have, according to the property referred to, to be inserted 
in the proportion of a valency volume unit for every substituted 
sphere, in order to produce close-packing without remarshalling in the 
jitered assemblage. This requirement is met by adding a univalent 
ybere for every group -NO, or a bivalent sphere for every pair 
of such groups. A composition of the kind under consideration, 
namely, Ba(NO,),, is thus attained. 

When the cubic closest-packed arrangement of equal spheres 
is subjected to the above substitution, it appears that the most 
symmetrical method of selecting one-fourth of the spheres for replace- 
went is one already described by the authors (Trans., 1907, 91, 1197, 
Fig. 30). The centres of the spheres thus selected for removal form 


LD. 


NN 
LN 
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a cubic space-lattice, and the process of substitution can be carried out 
in harmony with cubic symmetry in the following manner. 

The oxygen spheres remaining after the removal of one-fourth 
of the original number may be regarded as forming distinct octahedral 
gtoups of six so arranged that the centres of the groups are 
symmetrically situated at the centres of half the cubic cells outlined 
by joining the points of the cubic lattice formed by the centres of the 
removed spheres ; since the centres of the spheres remaining are at 
the centres of the cube faces, either of the two sets of cubes in edge 
contact (Fig. 1), which together make up the entire number, can be 
selected as containing the centres of the octahedral groups (Trans., 
1907, 91, 1170, Fig. 16). Let now the scale of the system of cube 
cells be increased uniformly while keeping the centres of the octa- 
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hedral groups of spheres at the centres of the selected half set of cubes. the p¢ 

since each original block or unit of eight bivalent spheres, consisting projet 

of an octahedral group of six and the two which have been remove) ™ 

is ultimately to be replaced by a unit representing the molecular Fig. 2 

composition Ba(NO,),, the requisite increase of scale is given by the nediu 

volume ratio of these two units, namely, 16:20=4:5. The arrange- — 

ment of the octahedral groups in a single layer of cells thus expanded i 

is shown drawn to scale by the medium-sized circles of Fig, 2, This the eq 
diagram shows the projection of the contents of one set of alternate othe 

layers of cells ; the projection of the other set on the same area would a 
ever, 
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be represented by a similar figure in which the two kinds of filling of 
the squares have changed places. The relation between the two 
projections is indicated by the non-continuous circles of Fig. 4, 
# anid 6. 

In the system of cubic cells of Fig. 2, when containing only the 
octahedral groups of six bivalent spheres, two kinds of principal 
cavities are present, one at the centres of the set of cubes in edge 
contact not containing the group centres, the other, just twice a 
numerous, at all the cube angles. The latter cavities are of such a 
shape and size as accommodate spheres larger than those representing 
the tervalent nitrogen, and the cavities at the cube centres can 
similarly accommodate spheres smaller than those of a bivalent atom; 


ee | 
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the positions and sizes of spheres such as fill the cavities are shown in 
projection in Fig. 2. , 

The assemblage thus completed, of which one layer is depicted in 
fig. 2, has the composition indicated by Ba(NO,),, if the small, the 
nelium, and the large spheres respectively represent the spheres of 
jtomic influence of barium, oxygen, and nitrogen ; if constructed from 
ineompressible, deformable spheres, and subjected to a general pressure, 
the equilibrium condition reached would show but little modification 
of the arrangement prevailing before the application of pressure, and 
would, just as before, display holohedral cubic symmetry. As, how- 
ever, the small spheres used are much smaller than those of the 
bivalent size which should represent barium, and the large spheres 
ae larger than those of the tervalent nitrogen size, it has to be 
ascertained what modification of the type of arrangement will occur 
wien the spheres used are replaced by others representing barium, 
oxygen, and nitrogen, in accordance with the valency rule; the 
respective volumes of these spheres must be then approximately in 
the ratio 2:2: 3. 

As the nitrogen spheres of volume three are too small to fill the 
avities provided for them, it is evident that some relative movement 
of the octahedral groups of six oxygen spheres can occur without 
distracting the introduction of nitrogen spheres of the proper 
magnitude; thus a certain slight symmetrical movement of the 
octahedral groups can take place which uniformly reduces the size of 
the nitrogen cavities so that each just suffices to contain a sphere of 
the correct volume three, and this movement is found to increase uni- 
fomly the magnitude of the cavities allotted to the barium spheres 
% that each will now accommodate a sphere of approximately the 
correct volume: two. The symmetrical change thus involved is 
described below ; whilst it results in the retention of cubic symmetry 
by the assemblage, it involves a degradation of the class of symmetry 
obtained to that of the tetartohedral cubic system to which barium 
uitrate belongs. 

Inethe skeleton assemblage of octahedral groups of six oxygen 
heres represented by the medium-sized circles of Fig. 2, one-fourth 
if the trigonal axes are selected as a set of non-intersecting trigonal 
ues having the relative positions already described (Trans., 1907, 91, 
1183), the directions of these axes in their cells being indicated by the 
itters a, b, c, and d, on Fig. 3, according to the convention previously 
wlopted. All the remaining trigonal axes are destroyed by a similar 
‘ight movement of each octahedral group, O,, along its selected 
nigonal axis ; the displacement of any single group determines those 
ttall the others, since they are derived from the first by the coincidence 
Hovements characterising the system of symmetry. The movements 
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of the original octahedral groups whose projections are given by the 
non-continuous circles of Fig. 4, a and }, are, both in direction anj 
approximately in extent, expressed by the shift required to bring the 
continuous circles of the figure to coincidence with the non-continuoys 
circles ; the diagram represents the movement as a mere translation of 
each group along its trigonal axis in the appropriate selected direction 
without change of orientation, but a slight similar rotation of the 
octahedral groups about their trigonal axes accompanying the 
translation conduces towards the closeness of the final packing of the 
assemblage. This rotation component is not represented in the 
diagram in order to avoid complication ; its introduction leads to no 
change of the type of symmetry. 

The corners of the cells of the partitioning, having the same 
relative arrangement as that of the cell centres, are, like them, made 
up of two sets whose position relations are indicated by the two kinds 
of cubes previously distinguished in Fig. 1. Before the screw move. 
ments referred to occur, the cavities at the cell corners of both the 


Fic. 3. 
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component sets are identical, and have identically the same relation to 
the assemblage of groups, but after the movements the two sets of 
cavities are distinguishable, for whilst those of each set are similarly 
changed, the change experienced by the cavities of one set differs 
from that experienced by those of the other set. The octahedral 
groups, O,, and the barium spheres are found to have approached the 
nitrogen spheres of one set along the common trigonal axis, and thus 
to have receded from the original places of the other set along this 
axis; these latter nitrogen spheres have, however, approached the 
barium spheres, and the total number of contacts is nearly the same 
for both sets of nitrogen spheres. The cavities at the cell corners for 
the accommodation of the barium spheres, which have been increased 
in size by the movement of the octahedral groups of oxygen spheres, 
remain identical with one another ; all the spheres of the assemblage 
have experienced some shift from their original positions indicated in 
Fig. 2. 

It is established by the foregoing that the assemblage of spheres of 
the magnitudes indicated by the valency relations of the elements 
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composing barium nitrate, Ba(NO,),, is not in equilibrium in the 
jolobedral cubic arrangement of the type shown in Fig. 2, and that, if 


b, 


— into an arrangement of this highly symmetrical type, it will, in 
8 pote , ' 
“ing equilibrium, pass into some less symmetrical arrangement. 


1538 BARLOW AND POPE: ON POLYMORPHISM, WITH ESPECIAL 


It is shown that passage to an equilibrium arrangement of the tetap. 
tohedral cubic type, numbered 1 in Barlow’s list (Zeitsch. Kryst. Min, 
1894, 23, 1), can oceur in the manner described above; the move. 
ments of the octahedral groups of oxygen spheres which lead to this 
equilibrium arrangement destroy all the elements of symmetry 
excepting those about a set of non-intersecting trigonal axes, apj 
such other elements of symmetry as are involved in the existence of 
those axes. 

When the equilibrium is pictured by an appropriately constituted 
assemblage of deformable spheres it is clear that, as in all othe 
cases, the greatest flattening must occur of those spheres the actual 
contacts of which are relatively fewest, since the pressure on thes 
spheres will be concentrated at a relatively small number of points on 
their surfaces. In harmony with this, the barium spheres, which 
have but six actual contacts each, must be more flattened than the 
others ; the effect of this, like that of the movements, is to make a 
larger size of sphere available for the purpose without endangering 
the equilibrium. 

The twinning of barium nitrate crystals, which occurs on {I1l), 
does not appear to call for special remark, as it is traceable to the 
same kind of symmetrical disposition about a layer perpendicular to 
a trigonal axis as produces twinning in the case of the root a 
semblage to which the structure has just been referred (compare 
Trans., 1907, 91, 1187). Consequently, if the root assemblage is 
twinned before the change is made in accordance with the second 
geometrical property, an equilibrium arrangement of the barium nitrate 
spheres of influence, which is derived from this twinned assemblage of 
equal spheres, will be that appropriate to the twinned form of the 
crystalline substance. 

The above discussion of the crystal structure of barium nitrate 
naturally also holds for the other tetartohedrally cubic nitrates of the 
bivalent metals, namely, strontium and lead nitrates. The case has 
been selected as an illustration of the second geometrical property 
because the crystal structure concerned belongs to the same syste 
of symmetry as the parent closest-packed assemblage from which it is 
derived, namely, the cubic system, and the process is therefore cou- 
paratively easy to trace. ‘The application of the same property ” 
other cases in which this latter relation does not exist is referable to 
a modifying cause which is described in connexion with the examples 
which follow. 


Sodium Nitrate, NaNO,. 


The modification of sodium nitrate stable at the ordinary temper 
ture belongs to the holohedrally rhombohedral system and exhibits 
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tg ,=102° 47’ or a:e=1 :0°8276 (Brooke, Ann. Phil., 1823, 21, 452). 
in, 


4 close-packed assemblage of the valency composition of this salt is 
wonected with a closest-packed assemblage of bivalent spheres of 
infuence by the second geometrical property, in just the same way 
ysis the assemblage representing barium nitrate. In both cases each 
ofonefourth of the total number of bivalent spheres is replaced by a 
sphere of tervalent size ; the sodium nitrate assemblage is derived by 
adding, in accordance with the second geometrical property, one 
phere of univalent size, representing sodium, for each tervalent 
nitrogen sphere so added, whilst the barium nitrate assemblage has 
ben derived by similarly adding one bivalent sphere, representing 
larium, for each two nitrogen spheres. Double as many cavities have 
thus to be provided for the accommodation of the sodium spheres as 
bad to be found for the barium spheres, but as the former are 
approximately of one-half the size of the latter, the total volume of 
the spheres representing the metallic element is the same in both 
cases, 

When the cubic cells of the root assemblage are enlarged to the 
ame extent as in the previous case, namely, in the volume proportion 
of 4:5, the required number of large cavities is provided by moving 
the oxygen spheres until their centres occupy the points of bisection 
of the enlarged cell edges ; the process of expansion, which may be 
supposed to draw the oxygen spheres equally away from all the cell 
comers, will similarly enlarge all the cavities at the centres of the 
octahedral groups of six oxygen spheres surrounding those corners. 
The magnitudes of the spheres which just fit into the cavities 
weurring in a skeleton assemblage of oxygen spheres thus expanded 
are shown in Fig. 5. The larger spheres are, as in the previous case, 
larger than the tervalent spheres to be accommodated, although the 
disparity is now less; the small spheres centred at the cube corners 
are, On the other hand, much smaller than the univalent spheres which 
have ultimately to replace them. The assemblage of Fig. 5, like the 
parent assemblage, is of the holohedral cubic type of symmetry, and 
it has to be ascertained what modification of it results when nitrogen 
spheres, of tervalent magnitude, and sodium spheres, of univalent 
magnitude, are used in place of those depicted. Inspection of Fig. 5 
shows that the length of the edge of a cube cell is the sum of the 
liameters of a small sphere, centred at the cube corner, and an 
oxygen sphere situated at the middle of a cube edge. On substituting 
the small and the large spheres by sodium and nitrogen spheres of 
the magnitudes indicated by the valencies, whilst retaining the kind 
of arrangement, the cell edges must necessarily be increased in length, 
‘ince the univalent sodium spheres are larger than the small spheres 
of the assemblage of Fig. 5 ; the volume of the cell has, however, to 
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remain unaltered because it represents the molecular valency Volum, 
10, of sodium nitrate. The retention of the method of grouping, aj 
the preservation of the same volume, will thus involve a distortion af 
the cube cells to rhombohedra, since this is the kind of distortio, 
which, whilst keeping the edges of the cells equal, gives them greitg 
length in proportion to the cell volume. It is therefore establishaj 
that for the prescribed cell volume, if the grouping above described js 
adopted, rhombohedral space-lattices will take the place of the cubjy 
ones found in the assemblage of Fig. 5. The amount of distortion, 
upon which the angle of the rhombohedron depends, will evidently by 
that which gives maximum closeness of packing under the give 
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conditions ; it remains to ascertain, first, whether the arrangement 
thus reached is a stable one, and, if not, what modification should take 
place in order that it may become stable, and, secondly, the nature of 
the symmetry displayed when stable equilibrium is reached. 

In the passage of the assemblage of Fig. 5 to rhombohedral 
symmetry, one of the four trigonal axes becomes the principal axis of 
the modified system, and it is convenient to depict the latter by its 
projection upon the plane perpendicular to this principal axis. An 
assemblage of rhombohedral form, in which the tervalent nitrogen 
spheres are centred at the cell centres, the bivalent oxygen spheres 
have their centres at the points of bisection of the cell edges, and the 
univalent sodium spheres are centred at the cell corners, is thus repre 
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/ ented in Fig. 6.; the projections of three successive layers on the 


ame area of a plane perpendicular to the trigonal axis are depicted, 
ware marked a, b, and ¢, respectively. ‘The fourth layer has the same 
-N projection as the first, the fifth as the second, and so on. The spheres 
representing sodium, which lie immediately above and below each 
lane of centres of the nitrogen and oxygen spheres, are in each case 
indicated by continuous and non-continuous circles respectively ; each 
odium sphere is thus depicted twice over, so that those represented 
py continuous circles in Fig. 6a are also represented by discontinuous 
jircles in Fig. 6b, The assemblage is of Barlow’s type 52a,. _Trigonal 
uxes pass through all centres of nitrogen and sodium spheres ; digonal 
—0 wes lie in the directions indicated by the straight lines in the figures, 
\e trough all the nitrogen spheres, and also, parallel to these lines, 
Nal fgitrough the centres of the sodium spheres. Centres of symmetry 
' weur at all the sphere centres and midway between the centres of 
irs of sodium spheres in planes parallel to those of the diagrams. 
The packing of the assemblage described is not so close as that of the 
a, 
¥ 


dosest-packed assemblage of equal spheres ; the scale selected for the 
liagrams is obtained by making the content of the unit rhombohedral 
well equal to the valency volume 10 of the salt, and the angles of this cell 
those of the cleavage rhombohedron of the crystalline mineral. ‘Thus, 
A is the longer face diagonal of this rhombohedral cell and C its axial 
body diagonal, since the content of the rhombohedron is A?C/2 ,/3 = 10 
nd A: C=a:c, the values, A = 3°472 and C = 2°873, are obtained. These 
ues are used as the scale to which the diagrams are constructed, 
ul they involve a rather considerable flattening of the spheres at some 
their contacts. If the volumes of the spheres representing sodium, 
aygen, and nitrogen are respectively in the ratio of 1: 2:3, and the 
ombohedron angle adopted is that observed upon the crystals of 
dium nitrate, the arrangement is seen to be practically stable as 
picted by a stack of deformable spheres under pressure. 
The marshalling shown above to be common to the cubic and the 
tombohedral form of assemblage is the simplest possible of spheres of 
he three sizes indicated by the valencies, and present in the proportion 
resented by the composition, NaNO,, of the salt ; the assemblage 
scribed is fairly close-packed. A slight adjustment is, however, 
sible, which increases the closeness of the packing without changing 
Ole marshalling ; its occurrence involves the loss of some of the 
\ ments of symmetry, but retains the original crystal symmetry, 
| uely, holohedrism of the rhombohedral system. The adjustment in 
. 3 "#100 consists in moving each oxygen sphere along the line joining 
Oo ‘ge '¥o nitrogen spheres between which it lies until it touches one of 
mu ; all these movements are made symmetrically, and the result is 
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consecutive layers of nitrogen and oxygen spheres on the same ap 
are shown by the sections a, b, c, d, e, and f, respectively ; the sodiy 
spheres which lie between the layers are, as before, indicated twi 
over, and the projections a, c, and e present the opposite orientatio, 
to those of b,d,and f. In order to obtain a relative molecular yoluy 
comparable with that of the closest-packed assemblage of equal spher: 
less flattening of the spheres at their points of contact is now requisit 
the conversion of the component spheres into polyhedra by a gene 
compression consequently involves less departure from sphericity tha 
before the adjustment. 

It is suggested that the assemblage thus finally arrived at js j 
stable equilibrium when the rhombohedron angle closely approximate 
to that of sodium nitrate. The scale employed in the diagran 
represents the rhombohedral unit cells as of the valency volume, \ 
=10, of sodium nitrate, and the unit of volume has therefore th 
same content as a dodecahedral cell of a closest-packed assemblage « 
spheres of univalent magnitude; the rhombohedron angle is repre 
sented as having the observed value of a= 102° 47’. 

The elements of symmetry remaining after the final adjustment are(d 
all the original trigonal or principal axes, (6) those of the digonal axe 
which intersect both nitrogen and oxygen spheres, and (c) the centre 
of symmetry situated at the centres of the sodium spheres, and thos 
which lie in the planes of the latter but midway between them ; th 
other elements of symmetry previously enumerated are destroye 
by the adjustment. The type of symmetry presented is that number 
52a, in Barlow’s list (Zeitsch. Kryst. Min., 1894, 23, 47). 

Reference has been already made to the fact that the rhombohedr 
sodium nitrate and the orthorhombic rubidium nitrate are, dimensior 
ally, so closely related that the axial ratios of the former can | 
trausposed into a form almost identical with those of the latte 
namely : 


Rubidium nitrate ......... a:b:e = 1°7366:1:0°7106, 
Sodium nitrate ............ @:b:e = 1°7320:1:0°7151. 


From this close correspondence it is concluded that the rhombohedn 
sodium nitrate is divisible into similar layers of a form which can! 
employed in building up the orthorhombic structure of rubidiut 
nitrate. 

The Rhombohedral Form of Calcium Carbonate. 


Calcite, the holohedral rhombohedral modification of caleiut 
carbonate, CaCO,, is crystallographically so nearly identical wit 
sodium nitrate that the resemblance is greater than that common! 
displayed by the crystals of isomorphous substances, This resemblance 
as already indicated (Trans., 1906, 89, 1731), is associated with 
relationship in composition between the two substances which afford 
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simple illustration of the second geometrical property of close-packed 
assemblages. In the derivation of the cubic assemblage of Fig. 5, in 
connexion with sodium nitrate, from the cubic closest-packed assemblage 
of spheres each of volume two, the unit cubic cells of the latter were 
expanded in the volume ratio 8:10=4:5, because the group of four 
bivalent spheres of total volume 8 in the latter assemblage were to 
be replaced by the group, NaNO,, of valency volume, W=10. On 
expanding the original cubic cells to an extent determined by the 
greater valency volume, W = 12, of calcium carbonate, namely, in the 
ntio 8: 12=2:3, and, as before, introducing spheres of the largest 
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pssible size into the two kinds of principal cavities thus made, the 
amangement of Fig. 8 is obtained ; in this the large spheres are rather 
ger than those representing quadrivalent carbon and the small 
heres are smaller than those representing the bivalent calcium 
ere, On replacing the large and small spheres by quadrivalent 
bon and bivalent calcium spheres, keeping the cell volumeconstant, 
€ assemblage passes to the rhombohedral one of Fig. 9, just as is 
scribed above in connexion with sodium nitrate. A final slight 
lustment such as led to closer packing by movement of the oxygen 
teres in the sodium nitrate assemblage also leads to closer packing 
the case of the calcite assemblage ; the rhombohedral assemblage 


— of calcium carbonate is depicted in the six sections of 
i. 10, 
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The marshalling of the assemblages of rhombohedral symmet 
which have been derived for sodium nitrate and calcite is still tha 
the original assemblage of bivalent spheres from which they we 
derived. In the latter assemblage each fourth sphere of volume ty 
was replaced by a nitrogen sphere of volume three, an operation whi, 
when not accompanied by remarshalling, left cavities capable g 
accommodating an equal number of sodium spheres of volume oy: 
the sodium nitrate assemblage was thus derived. When each fourth 
bivalent sphere in the original assemblage was replaced by a carby 
sphere of volume four, without remarshalling, cavities were prodacal 
which accommodated an equal number of calcium spheres of volun: 
two. The relations here described afford a simple illustration of th 
second geometrical property of close-packed assemblages ; the cay 
differs somewhat from that exemplified by the cubic barium nitrate jp 
that, in the present one, a marshalling of highest symmetry, the cubie, 
is compelled to assume the lower crystal symmetry of the rhomly 
hedral system. The reason of this is that in certain linear direction: 
the assemblage is unyielding and resists compression, namely, alo 
the edges of the cubic space units as above explained ; it is traceable 
to the fact that all the centres of the constituent spheres occupy 
singular points of a highly symmetrical character and are thu 
similarly related to many surrounding spheres. The only fm 
adjustment which, whilst it allows a slight contraction to occur m th 
linear directions referred to, does not diminish the closeness of the 
packing to a greater extent in other directions, appears to be the out 
above described involving the movement of the oxygen spheres; it 
noteworthy that this does not further lower the crystal symmetry. 


Twinning of Sodium Nitrate and Calcite. 


Crystals of sodium nitrate and calcite can be artificially sheael 
without destroying their identity in such a manner as to reproduce the 
original crystal form ; this property will now be shown to characteris 
the assemblages attributed above to these substances. 

The six sections of Figs. 7 and 10 represent projections of tle 
assemblages on the basal plane (111); in any one of these sectiots 
for instance, 7b, the six sodium spheres, three above and three belor, 
surrounding immediately any nitrogen sphere, together with the tw 
sodium spheres shown above and below that nitrogen sphere in the 
two adjacent sections, 7a and 7c, mark the eight apices of a cleavag 
rhombohedron of the crystal. The planes containing two oppo 
edges of a cleavage rhombohedron, which do not contain the princiga 
axis, constitute the form {110}, and are the gliding planes on whi 
sodium nitrate and calcite crystals can be sheared and artificial 
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twinned with such facility. The projection of a section of the sodium 
nitrate assemblage of Fig. 7 upon the plane (110) is shown in the 
lower part of Fig. 11; thus regarded, the assemblage is made up of 
similar layers each containing nitrogen, sodium, and oxygen spheres 
in equal numbers, with centres all lying in the same plane, and 
between which are intercalated layers consisting of the remaining 
two-thirds of the oxygen spheres. The continuous circles of this part 
of Fig. 11 represent a layer of the first kind, consisting of nitrogen, 
sodium, and oxygen spheres, and the next layer of identical composition 
is represented by the similar arrangement of non-continuous circles ; 
the oxygen spheres intercalated between the pair of such layers 
are indicated by double non-continuous circles. An elevation of the 
system of which the stratum thus represented forms a part, and 
showing a double layer, the plane of which is perpendicular to that of 
the lower part, is depicted in the upper part of Fig. 11. Where the 
double circles are of two kinds, continuous and non-continuous, they 
do not represent a single sphere, but a larger and a smaller sphere one 
behind the other. 

In the building up of the sodium nitrate assemblage in the manner 
indicated by the compositions and relative arrangement of the three 
layers depicted in Fig. 11, a choice of orientation is offered after each 
layer composed of nitrogen, sodium, and oxygen spheres has been 
deposited. Thus, starting with the layer represented by non-continuous 
cireles in Figs. 11 and 12, the succeeding layers may be deposited 
as indicated by the double non-continuous and continuous circles 
either of Fig. 11 or of 12 ; the orientation of the one mode of growth 
is opposite to that of the other and is further illustrated by the 
projections shown in the upper parts of Figs. 11 and 12. The latter 
diagrams, in which most of the component spheres lie in contact in 
straight lines, indicate clearly how, by a simple rolling movement 
of the spheres upon each other, the orientation of Fig. 11 can be 
converted into that of Fig. 12. 

The mechanism of the artificial twinning of sodium nitrate is thus 
clearly indicated, and the only further requisite is that the shear of 
the portion on one side of a gliding plane, (110), shall take place 
without dislocating the connexion with the unaltered portion on the 
other side of this plane. If the assemblage under treatment were the 
unmodified more symmetrical one of Fig. 6 the symmetry of arrange- 
ment would ensure this; as it is, some mutual adjustment of the 
intermediate oxygen spheres has to occur in the modified assemblage 
at the twin plane. The nature of this adjustment is indicated 
inthe discussion of the crystal structure of potassium nitrate given 
below, 

In connection with the derivation of the rhombohedral sodium 
VOL, XCIII. 5 K 
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REFE 
nitrate assemblage it has been shown that the marshalling of the final 
arrangement is still that appropriate to an assemblage of spheres jy _ 
cubic symmetry. The passage from cubic to rhombohedral symmetry -— 
necessitates the distinction of one of the four trigonal cubic axes qs =. 

orl 


the principal or trigonal axis in the rhombohedral assemblage ; after 
one of the four trigonal cubic axes has been thus distinguished from 
the other three as a direction of symmetry it is still possible, by the 
operation of some influence such as is involved in a shear of the 
above-described kin#, to convert either of the three previously dis 
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carded trigonal cubic axes into the principal axis of the rhombohedral 
assemblage. The change thus effected does not when completed alter 
the configuration of the assemblage, but brings about a change of 
orientation which corresponds exactly with that produced by the 


wtiiclal twinning of sodium nitrate. It is obvious, without the 


exbhibitic foe . . ° 

eine of further diagrams, that the mechanism which illustrates 
“ artificial twinning of sodium nitvate elucidates in precisely the 
“ule Way the artificial twinning of calcite. 
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Potassium Niteate, KN Os. 


Potassium nitrate crystallises in the orthorhombic system with 
a:b6:c=0°5910:1:0°7010, and crystallographically closely resembles 
aragonite, the orthorhombic modification of calcium carbonate, just jp 
the same way as the rhombohedral substances sodium nitrate and 
calcite resemble each other; the two orthorhombic crystal forms, like 
the two rhombohedral ones, are connected through the second 
geometrical property (Trans., 1906, 89, 1732). 

The marshalling of the orthorhombic assemblage suggested for 
potassium nitrate is derived by an intimate molecular twinning of the 
rhombohedral assemblage above assigned to sodium nitrate, the 
change of orientation from stratum to stratum occurring at every 
corresponding layer of the three kinds of spheres which lies parallel ta 
one plane of the form {110}. It has been shown in connexion with 
artificial twinning that the stratum of the sodium nitrate assemblage, 
which is parallel to the plane (110), and is depicted in the lower part 
of Fig. 11, is capable of alteration by shear; the shear produces 
identically the same arrangément of the constituent spheres, but 
changes the orientation, and it was suggested that a portion of the 
rhombohedral assemblage can be sheared without dislocating it 
connexion with the unsheared portion, if a slight adjustment of the 
spheres occurs at the gliding plane which becomes the twin plane 
When every one of the layers composed of three kinds of spheres, a 
shown in the lower part of Fig. 11, becomes a twin plane, the 
marshalling of the assemblage represented in Figs. 11 and 12 become 
transformed into that represented in Fig. 13. The close resemblance 
of the constituent layers of Fig. 13a to those of the rhombohednl 
assemblage as shown in Fig. 11] is very apparent, and the requis 
adjustment of the two-thirds of the oxygen spheres, which makes the 
twin planes planes of symmetry, is seen to be slight. Fig. 13b depict 
the projection on a plane perpendicular to that of Fig. 19a, and 4 
comparison with Figs. 11 and 12 suffices to indicate how the intimat 
twinning occurs. 

The assemblage of Fig. 13 is of orthorhombic symmetry, and satisfies 
the conditions embodied in the axial ratios and other geometrical dau 
of the orthorhombic potassium nitrate; it is indeed drawn to “ 
scale of the equivalence parameters of the substance, calculating ta 
latter values from the axial ratios in the form a:b/2:c, and takin 
the valency volume W=10. The equivalence parameters of potassil® ' 
nitrate are thus calculated as x:y:2=2°152 :1:821 : 2°553, and thes — 
values are marked on Fig. 13. The process of twinning by which ti “ - 
assemblage has been derived is, of course, to be regarded as 4 mer tlow’ 
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geometrical device ; its only physical meaning is that it shows that 
th jsopolymorphously related substances, the rhombohedral sodium 
and the orthorhombic potassium hitrate, can be built up as the results 


Fic, 13a. 


“Semana modes of superposing layers of similar configuration. 
- potassium nitrate assemblage described possesses the symmetry of 
5 ,. zi tr . . . ° 

tlow’s type (54a, ; it contains digonal screw axes in the three 
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directions mutually at right angles, namely, (1) perpendicular to the 
plane of Fig. 13a, through points such as A,, A,, A,, A,, (2) parallel 
to the plane of Fig. 13a through the tentres of the smallest, and als 
through those of the largest, spheres, and (3) parallel to the direction 
of y, midway between the planes of set (1) and also midway betweey 
those of set (2). Centres of symmetry lie on the axes (1) in plane 
containing the axes (3). 

A rhpmbohedral modification of potassium nitrate can exist 
(Frankenheim, Pogy. Ann., 1837, 40, 447), but is so unstable at the 
ordinary temperature that no goniometric measurements have been 
made; the crystallographic dimensions of the orthorhombic anj 
rhombohedral modifications of the salt cannot therefore be directly 
compared. Such a comparison can, however, be instituted bet ween 
the dimensions of the rhombohedral sedium nitrate and the isopoly- 
morphously related and orthorhombic potassium nitrate. According 
to the relation suggested above as holding between the assemblages of 
these two substances, the length of the rhombohedron edge, the longer 
semi-diagonal of a rhombohedral face, and the distance between two 
opposite rhombohedron edges which intersect the obtuse angles 
constitute three rectangular dimensions which should be approxi: 
mately reproduced as the equivalence parameters, x:7:2, of the 
corresponding orthorhombic assemblage ; the ratio of these is identical 
with the axial ratios a:6/2:¢ of the orthorhombic substance. A closer 
comparison of the same kind can be made between the axial ratios of the 
two polymorphously related forms of calcium carbonate, because the as 
semblages representing these substances must be related in just the same 
way as the rhombohedral sodium nitrate and the orthorhombic potas: 
ium nitrate assemblages figured above. The rhombohedral calcite, 
with a=101° 55’, and the orthorhombic aragonite, with a:}:c= : 
06224 :1:0°7206, are depicted by sets of diagrams corresponding axial ra 
exactly feature by feature with those given above for sodium ani 
potassium nitrates. In the unit rhombohedron cell of cl cite, the 
length of the rhombohedron edge, the longer semi-diagonal of a 
rhombohedral face, and the distance between two opposite rhombe Asis 
hedron edges which intersect the obtuse angles should therefore be thonbo! 
approximately in the ratio of the axial ratios @:b/2:c, determined 


caleulat 


for com 
hitrate, 


, hot in 1 
on aragonite. ' and ort! 

The rhombohedron angle of calcite is 74° 55’, and from this the why a , 
plane angle, A,A,A,, of the face of a calcite rhombohedron, neters o 
AAAAA,A,A, (Fig. 14), is caleulated as 78° 5’. The longer diagons! in many 
of the rhombohedron face is A,A,, and, in the plane A,BA,B,, which different 
contains this diagonal and is perpendicular to the rhombohedron edge experienc 
AA,, the length BB, is the distance between two opposite rhombe is shown 
hedron edges which intersect the obtuse solid angles of the rhombe tideratio 
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hedron; the plane angle BA,B, is the rhombohedron angle 74° 55’. 

faking OA,=1, OB=tan {(74° 55’}/2! =0°7662, and A,A,=AA,= 

IJcos {(78° 5’)/2} = 12875 ; one-half the latter value is 0°6437. The 
axial ratios, 

a:b:e = 0°6437 : 1 : 0°7662, 

are thus obtained by calculation from the axial angle of calcite for 
camparison with the axial ratios of aragonite, namel A 

a:b:c = 0°6224:1:0°7206. 

It is obvious that the two sets of axial ratios are of the same order of 

magnitude. 

The rhombohedral sodium nitrate is characterised by a rhombohedron | 
angle of 73° 30’, from which the plane angle is caleulated as 77°14’. A 


Fic. 14. 


calculation similar to that made in the case of calcite leads to the 
axial ratios, 

a:b:c = 0°6399 :1:0°7467, 

for comparison with the axial ratios of the orthorhombic potassium 
uitrate, namely, 

a:b:e = 0°5910:1:0°7010. 

Asis to be expected from the difference in the metal present in the 
thombohedral and orthorhombic salts, the last two sets of ratios are 
not in such fair agreement as those calculated from the rhombohedral 
aud orthorhombic modifications of calcium carbonate. The reason 
why a greater discrepancy is observed among the equivalence para- 
ueters of the rhombohedral and orthorhombic carbonates than obtains 
in many other cases quoted may well be that when fitted together in 
iiferent ways, the component layers in the structures have to 
‘perience a slight internal adjustment ; the nature of this adjustment 
B shown, in the case of the nitrates and carbonates now under con- 
sideration, by comparing Figs. 11 and 13. A closer agreement is 
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presented in the case of the polymorphously related forms of silyey will ¢ 
iodide ; the component layers are of a less complicated character jy sugge 
this case, and can be fitted together in the two different Ways without assull 
any apparent internal adjustment. condit 

The scheme now put forward embraces, in addition to the rhombo. latter 
hedral and orthorhombic nitrates mentioned above, the rhombohedral Bot 
minerals of the compositions MgCO,, FeCO,, ZnCO,, and Mn(0O,, and homo; 
the hemihedrally rhombohedral dolomite, CaMg(CO,),, and also the compa 
orthorhombic minerals of the compositions BaCO,, SrCO,, and Pho, b; bot 
together with the isomorphous mixtures (BaCa)CO,, classed under the fitting 
name bromlite. The monosymmetric barytocalcite, BaCa(CO,),, with appro] 
a:6:c=0°6255 :1:0°7717, B=106° 8, is morphotropically closely neces 
related to calcite (Arzruni, Physik. Chem. d. Krystalle, 1893, 295), and nitrate 
its structure may hence probably be derived by distortion from that and fig 
of the latter. The relation between the dimensions of the rhombo- unit ; 
hedral sodium nitrate and the orthorhombic rubidium nitrate has been 
already pointed out (p. 1531). In connexion with the structure of 
dolomite, it should be noted that the unmodified assemblage depicted 
in Fig. 9 was suggested some years ago by one of the authors as the 
probable scheme of arrangement of the component atoms in calcite; 
the observation that dolomite, CaMg(CO,),, displays a lower form of 
symmetry, namely, rhombohedral tetartohedral, with centro-symmetry, 
led to a reconsideration of ‘the question and to the adoption of the 
slightly modified form shown in Fig. 10. When, in the latter, 
half the layers of calcium spheres are replaced by layers of magnesium 
spheres similarly situated so that layers wholly composed o 
one of these two kinds alternate with layers composed of the 
other kind, the digonal axes of Fig. 10 are destroyed, and the 
lower form of symmetry presented by dolomite is obtained. The 
dolomite assemblage thus produced has the symmetry of Barlow’ 
type 5la,. 

The slight differences in axial ratios or axial angles observed between 
members of the various isomorphous series of salts discussed above are, 
as in previous cases, to be attributed to the volumes appropriated by ppert 
the spheres of atomic influence not being precisely proportional to the kind | 
whole numbers representing the fundamental valencies of the elements thombic 
concerned ; the volumes of the spheres of atomic influence of the alkali n 
several bivalent elements thus differ slightly among themselves. It Pérehlor 
has been shown (Trans., 1907, 91, 1193) that in the case of the sulphate 
halogens such divergencies can be traced consistently throughout 4 untvalen 
whole series of compounds with the result that a definite conclusion is tion of ¢ 
reached that the volume for iodine is the greatest, and those for fan occu 
bromine, chlorine, and fluorine are respectively smaller and smaller. ty 
Whether a particular salt belonging to the series dealt with above are in th 


configuy 
carbona 
The | 
hedral f 
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yj] assume the orthorhombic or the rhombohedral form will, it is 
suggested, depend on which form of symmetry, with the precise volumes 
assumed by the spheres of atomic influence under the prevailing 
conditions, will lead to the least departure from sphericity of the 
latter. 

Both the calcite and aragonite assemblages described above may be 
homogeneously partitioned into highly symmetrical units having the 
composition CaCO, and the configurations depicted in Fig. 15, a and 
: both assemblages may be regarded as built up by homogeneously 
fitting together either kind of these units in accordance with the 
appropriate crystal symmetry, slight distortion being practised where 
necessary, aS in cases previously described. The rhombohedral sodium 
nitrate and the orthorhombic potassium nitrate assemblages described 
and figured above each similarly yield two kinds of highly symmetrical 
uit; these possess the composition NaNO, or KNO,, and _ possess 


configurations identical with those depicted in the case of calcium 
carbonate. 

The intimate structural relationship existing between the rhombo- 
hedral forms of sodium nitrate and calcium carbonate has been traced 
in the foregoing pages to the operation of the second geometrical 
property of close-packed assemblages. A case of exactly the same 
kind is furnished by the morphotropic relationship between the ortho- 
thombie sulphates of the bivalent metals and perchlorates, &c., of the 
alkali metals, e.g., between barium sulphate, BaSO,, and potassium 
perchlorate, KC1O,, When, in the assemblage appropriate to barium 
sulphate, the bivalent barium sphere of influence is replaced by thesmaller 
uuivalent sphere of influence of potassium, the simultaneous substitu- 
tion of the bivalent sulphur sphere by the univalent chlorine sphere 
“0 occur, in accordance with the second geometrical property, in such 
4 Manner that the original marshalling is retained ; the axial ratios 
we in this case but slightly altered and the crystal symmetry remains 


i 


1554 BARLOW AND POPE: ON POLYMORPHISM, WITH EspEci4; REFER 


unchanged (compare Barker, Min. Mag., 1906, 14, 235; 1908, 15, 
50). It is important to note that potassium permanganate, KMn0. 
is isomorphous with potassium perchlorate, KCIO,, so that the 
manganese sphere of influence appropriates a volume comparable, for 
purposes of close-packing, with that of the univalent chlorine, The 
isomorphism existing between the rhombohedral calcite, CaCO,, and 
rhodocrosite, MnCO,, shows, however, that the bivalent sphere of 
influence of calcium is crystallographically replaceable by the 
manganese sphere. These apparently contradictory indications, 
namely, that manganese can replace either a bivalent or a univalent 
atom, point to the conclusion that the manganese sphere appropriates 
in an assemblage a volume intermediate between those occupied by 
a univalent and a bivalent atom ; the correctness of this conclusion js 
strongly confirmed by a consideration of the complex valency relations 
of manganese. 

The Polymorphous Forms of Silica. 


A very simple structure may be attributed to the constituent layer: 
from which the crystalline polymorphous forms of silica, quartz, and 
tridymite are built up; this simplicity of layer structure, as in the 
ease of silver iodide, is consistent with the close numerical corre 
spondence between the axial ratios of the two minerals which has 
been already remarked (p. 1530). The assemblages appropriate to the 
two substances consist of spheres of the bivalent magnitude repre- 
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Fic. 16 (continued). 
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‘enting silicon and oxygen ; the silicon spheres are regarded as slightly 
larger than those of oxygen, but the mean valency volume of a sphere 
of the assemblage is taken as 2. The equivalence parameters for the 
‘ngoual trapezohedral quartz and the orthorhombic tridymite are 


———————————_— 
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conveniently calculated from the axial ratios in the form previously 


given, namely, and tl 

a - h p é. & : . 2. of the 

CIE ocicciieessan. te 0°5774 : 1: 1°2701 1°466 : 1°269 : 3-924 left-ha 
PEGI 605.5000 0°5774 : 1: 1°2716 1°465 : 1°269 ; 3-297 


first, however, dividing the length > by two ; the valency volume, fo; 
the molecule SiO,, is taken as W = 6. 

In the case of quartz the spheres of the appropriate assemblage 
present the marshalling of the cubic closest-packed assemblage of 
equal spheres (Trans., 1907, 91, 1152), one-third of those of , 
triangularly arranged layer consisting of silicon spheres and two-thirds 


twinnil 
the mo 


of oxygen spheres. The nature of the assemblage is shown by the 
three consecutive layers of Fig. 16, a, b, and ec, and the corresponding 
elevation of Fig. 17; the symmetry of the assemblage thus const 
tuted is that of the trigonal trapezohedral crystal class to whic 
quartz belongs. 

The triangular arrangement of spheres in a layer of Fig. 16 is that 
depicted in Fig. 18, in which the lightly shaded spheres represet! 
those of silicon, On mutually arranging layers of this kind 1 
accordance with the marshalling of the cubic closest-packed %& 
semblage, that is to say, giving the layers the relative arrangemeti 


indicated by Fig. 16, a, b, and ec, the resulting assemblage preseuis The a 
the appearance shown in rough perspective in Fig. 19. It will be se by arra 


that the spheres of one kind form staircase spirals in this assemblage, marsha] 
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and that, depending upon the configuration of the mutual arrangement 
of the first three layers, an assemblage representing either right- or 
ieft-handed quartz may be built up. The two kinds of interpenetrant 


“@ 


HO r 3 Ww: 


twinning commonly observed with quartz follow immediately from 
the mode of regarding the structure now put forward. 


The assemblage representing the orthorhombic tridymite is derived 
*Y arranging layers identical with those of Figs. 16 and 18 in the 
watshalling of the hexagonal closest-packed assemblage of equal 
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spheres ; it is illustrated in plan and elevation by Fig. 20 and in the 
rough perspective sketch of Fig. 21. This assemblage possesses 
holohedral orthorhombic crystal symmetry, and, as is seen from 
Fig. 21, thespheres of one kind form zigzags, devoid of enantio 
morphism, within the structure. The equivalence parameters stated 


20. 
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above are indicated as the translations in the diagrams representing 
the two minerals. 

In the diagrams relating to the last two assemblages, as in those 
given for calcium carbonate and related substances, certain spheres 
are more or less flattened at the points of contact with others, but the 
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gattening is small in amount. The cause of the occurrence of this kind 
of modification will be interpreted in various ways in different cases. 
Thus, if two kinds of spheres can be distinguished in an assemblage 
such that the one kind makes but few contacts with neighbouring 
spheres whilst the other kind makes a large number of such contacts, 
fattening of the former should occur in order that the mutual 
arrangement of the centres of the spheres shall be preserved in the 
assemblage derived by the application of a general pressure which 
eliminates the interstitial space. Whilst the representation of flatten- 
ing such as this is thus rendered necessary in certain cases, in others 
the fattening is associated with a discrepancy between the dimensions 
of the assemblage as measured and as deduced. In the case of the 
plymorphously related forms of silica the latter applies, but our 
ignorance of the exact volume relationship holding between the 


spheres of atomic influence of silicon and oxygen hinders any precise 
investigation of the matter. 

In a previous paper (Trans., 1906, 89, 1686) we have shown that 
the discussion of the equivalence parameters elucidates immediately 
the remarkable morphotropic relationship observed between chondro- 
dite, Mg.(SiO,).,2Mg(F,OH), humite, Mg,(SiO,),,.2Mg(F,OH), and 
clinohumite, Mg-(SiO,),,2Mg(F,OH). These minerals form a homo- 
logous series of which the first member is prolectite, 

MgSi0,,2Mg¢(F,OH), 

aud the homologous increment has the composition of forsterite, 
iting Mg.Si0,. In calculating the equivalence parameters of these sub- 
stances we originally assigned to silicon the valency volume W =4, 
those Which is in disaccord with the volume, W=2, given to it in the 
heres resent paper. It happens, however, that in the humite series, both 
t the the first member and the homologous increment contain silicon in such 
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proportions as to render the morphotropic relation very insensitive to 
a change in the valency volume assigned to this element. It conse. 
quently results that the calculation of the equivalence parameters 
based on the value W=4 or 2 for silicon gives an almost constant 
value for the ratio z/W. The alternative values thus obtained are 
given below. 


For Si=4: 
W. e y > &. 

Chondrodite ... . 38 2°4249 : 2°2323: 7°0199 
Hunite ........... 54 2°4278 : 2°2475: 9°8965 
Clinohumite 70 2°4349 : 2°2540 : 12°7547 

For Si=2: 
Chondrodite ..... 34 2°3367 : 2°1510: 6°7644 0°19895 
Humite ........... 48 2°3343 : 2°1610: 9°5155 019824 
Clinohumite......... 62 2°3384 : 2°1646 : 12°2491 0°19756 


The values of z/W obtained with the volume Si=2 agree dis- 
tinctly better among themselves than do the values got with Si=4. 
These and other indications which suggest that the fundamental 
valency of silicon is 2 are significant because, if they are to be 
trusted, it would appear that carbon is the only element which has a 
fundamental valency so large as 4. The exceptional nature of 
carbon and the fact that this element is not known to be iso- is ins 
morphously replaceable by any other lend support to this suggestion. toluer 
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CL.—The Action of Nitrous Gases oi boiling 


Dicyelopentadiene. Nit 

By ALEXANDER RULE. 

In a previous paper (Trans., 1906, 89, 1339) the author described 
several new compounds of dicyclopentadiene, but deferred mention of 
derivatives obtained by the action of nitrous gases on the hydrocarbon 


by arrangement with Dr. Wieland, of Munich, The work described 
in the present paper was carried out in Jena and published as 4 
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wiversity dissertation, and as Dr, Wieland has now published a full 
count of his own work, the author desires to give brietly the results 
previously obtained by him, in working on the hydrocarbon. 


The gases evolved by the action of concentrated nitric acid on 
ysenic trioxide act vigorously on dicyclopentadiene in ethereal 
wlution, and if the latter is kept cool in a freezing mixture two 
uystalline substances separate, together with amorphous products, 
the nature of which was not ascertained. The crystalline products 
yere identified as the y-nitrosite and the dinitro-derivative of the 
iydrocarbon: the yield obtained never amounted to more than 20 
10 25 per cent. of the weight of hydrocarbon used. 

The mixture was separated by extraction with boiling alcohol, in 
rhich the dinitro-derivative readily dissolves, whilst the y-nitrosite is 
dis. Wg “y sparingly soluble. The residue was washed with hot alcohol 
-4 (gui recrystallised from chloroform ; tie product consisted of small 
wlourless needles melting at 147° (Wieland gives 144—146°). 
Dicyclopentadiene w-nitrosite, 


ental 
0 be 


as a (CH<one ‘CH: CH: CH,- ——>cH: No,) 
e of CH-CH: CH: CH(NO) es 

is0- J xinsoluble in ethyl alcohol, ether or acetic acid, but dissolves in hot 
tion. wluene, giving a bright green solution, which on cooling becomes 


almost colourless without crystallisation taking place. This is also 
the case with other solvents such as aniline, and therefore the 
wistance belongs to the class of bimolecular nitroso-compounds 
wuich are dissociated with relative ease (Ber., 1903, 36, 3090). 

When treated with bromine in chloroform solution the substance 
forms a dibromide which is sparingly soluble and melts and decom- 
poses at 152°, 


f the 
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Dilute acids are without action on the substance even on boiling ; 
wid concentrated sulphuric acid dissolves it unchanged, but on 
varming, a violent evolution of sulphur dioxide takes place with 
complete charring. 

The constitution of the nitrosite follows with certainty from its 
wlaviour towards alkalis and amines, and from its conversion, on 
wwling with alcohol, into a nitro-oxime. 
Nitoisonitrosodihydrodicyclopentadiene, 

cH OHe4 ‘CH: ‘CH: es re 

CH— CH: OH: C(.N-OH) 


sults when the y-nitrosite is boiled for some hours with alcohol, but 
the reaction takes place even more rapidly when an alcoholic solution 
aniline is used. ‘The reaction is over when the y-nitrosite is com- 
Detely dissolved. The alcohol is then removed by distillation and 
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the residue acidified slightly with dilute sulphuric acid. A. viscid oj 
remains undissolved, which after a short time solidifies completely 
and may be recrystallised from benzene.* The product consists of 
fine short needles, melting at about 121° and soluble in most solvents, 
but only sparingly so in water : 
0°1324 gave 15°6 c.c. N, (moist) at 20°5° and 745 m.m, N=13-33. 
C,,H,,0,N, requires N = 13°46 per cent. 

Prolonged boiling with dilute sulphuric acid converts the nitro. 
oxime into hydroxylamine and a nitro-ketone, the former being 
recognised by reduction of Fehling’s solution. The yield of the 
latter is very poor on account of the simultaneous formation of 
resinous products. It crystallises from the sulphuric acid solution 
on concentration, in small brownish prisms and plates, which after 
recrystallisation from water melt at about 205° with decomposition, 
The product is soluble in ether, alcohol or alkalis, giving yellow 
solutions with the latter; on warming the alkaline solution with 
zine dust a base is obta‘ned which is soluble in ether and reduces 


Fehling’s solution. @ ithe 

The amount of the substance obtained was not suflicient for analysis, It i: 

but from its behaviour it would appear to be undoubtedly a nitro- @ sdlutio 

ketone. elimins 

Nitromethoxydihydrodicyclopentadiene, nitrous 
CH - H,*CH-C H-C H;——~>cH‘NO,, 


SCH--CH:CH-CH(0-CH,) 
is prepared by boiling the y-nitrosite with excess of sodium methoside, we 
On concentrating sufiiciently a colourless sodiwm salt separates out rn 
this wa 
alcohol 
contain 
constar 


wlution 


which is redissolved on the addition of a little water. 

The nitro-derivative is isolated by precipitating fron the alkaline 
solution with dilute sulphuric acid and dissolving the slightly greenish 
oil in ether. On evaporating the ether the oil rapidly solidifies toa 
crystalline mass, and by recrystallisation from light petroleum is 
obtained in thin plates which melt at 64° (Wieland gives 65°). This 015: 
derivative is readily soluble in most organic solvents and is precipi- 
tated from its alkaline solution by mineral acids, but not by carbonic acid. 


By treating the alkaline solution of the nitro-compound with sodium Vitr 
nitrite (1 mol.) and acidifying in the cold with sulphuric acid, 4 sation 


brilliant blue y-nitrol is obtained as an oil which is readily soluble in very lit 
ether and remains unchanged in ethereal solution for a considerable The | 
period, but on isolation rapidly decomposes. If the ethereal solution blue so: 
is dried with sodium sulphate and the ether allowed to evaporate, a? uustab] 
sulphat 
‘euper: 
brown 


* Wieland’s method of preparation resulted in the formation of a mixture 0 
nitro-oxime and a substance of unknown constitution. The product melted 4 
118—125°. On purification the nitro-oxime melted at 136—138". 
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sensely blue residue remains, which is no longer soluble in ether. 
When kept in a desiccator over sulphuric acid, it gradually swells up 
yi evolves nitrous gases, leaving an amorphous residue. ‘The latter, 
sien freed as much as possible from resin by treatment with ether, 
nave on analysis N = 9°09 per cent. 

’ Nitrodihydrodicyclopentadieny] nitrite, 


CH, CH-CH: CHS o.x0,, 


formed simultaneously with the y-nitrosite by the action of nitrous 
nes on dicyclopentadiene and may be separated by extraction 
rithhot alcohol. After recrystallisation from alcohol it is obtained in 
duracteristic long toothed erystals, which have a slightly yellow tint 
wd melt at 121° (Wieland gives 122° 

(2069 in 42°75 ethylene dibromide gave At —0:259°. M.W. 
= 220, 


C,,H,,0,N, requires M.W. = 224. 


The compound is therefore unimolecular. 

It is insoluble in cold dilute sodium hydroxide, but on warming, 
glutio takes place rapidly, nitrous acid being at the same time 
diminated ; the compound is thereby characterised as an ester of 
uitrous acid : 


NO,*C,,H,,"0°-NO + NaOH = NO,-C,,H,,-OH + NaNO,. 


10 


On cooling, the clear solution solidifies to a crystalline mass which 
onsists of the sodium salt of nitrohydroxydihydrodicyclopentadiene ; 
this was collected, dried on porous plate, and recrystallised from diluted 
ilohol. After standing in a desiccator over sulphuric acid it still 
“utained water which was removed on heating at 110—120° until 
wnstant. ‘The salt dissolves fairly readily in water, forming a neutral 
‘lution : 


01535 dried at 110—120° gave 0°0500 Na,SO,. Na=10°54. 
C,)H,,O,NNa requires N = 10°59 per cent. 


Vitrohydrowydihydrodicyclopentadiene is obtained on acidifying the 
wlation of the sodium salt as a colourless semi-solid mass which shows 
very little tendency to erystallise. 

The y-nitrol was also obtained. It dissolves in ether, giving a deep 
tlue solution, and, like its methyl derivative already described, is very 
uustable, After drying the ethereal solution with anhydrous sodium 
sulphate and evaporating, the ether residue rapidly decomposes at the 
uperature of the water-bath, evolving nitrous gases and leaving 
brown amorphous products, 
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The work described in this paper was carried out in conjunction 
with Prof. P. Duden, to whom I wish to express my thanks for 
advice and suggestions. 
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CLI.— The Constitution of Co-ordinated Cumpounds, 
By Samuet Henry Ciirrorp Briees. 


THE combination of hydrogen fluoride and boron fluoride is expressed 
by Werner in the following manne: 


F F 
FB... + ..FH = FB...FH —> [rs p |. 
EF 


In the final state, as represented by the co-ordination formula { BF,}H, 
the hydrogen atem is supposed to be united to the group (BF,) asa 
whole rather than with any particular fluorine atom contained in it, 
and each of the four fluorine atoms is assumed to be combined in the 
same way as the other three. 

Although such co-oidination formule have proved extremely useful 
for purposes of classification, they have been subjected to severe elect 
severa 
39, 3 
Abegs 
into 
Platin 
positiv 

Tak. 
alrang 
centre 
corners 
Writer 
[Pt6N] 
Platinu 
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criticism (compare, for example, Hinrichsen, Adrens’ Sammlung, 
Vel. VII, p. 48). One serious objection to these formule appears to 
lie in the fact that they tell us so little of the way in which the affiui- 
ties of the separate atoms are combined, and are consequently far 
inferior in utility to the valency formule which have been such an 
important feature in the development of organic chemistry. 

In this paper an attempt is wade to devise formulz for co-ordinated 
compounds which will fulfil the conditions required by the exper: 
mental results of Werner and his colleagues, and, at the same time, 
indicate the manner in which the affinities of the atoms are disposed in 
the molecule. ' 

For this purpose, the following series of compounds may be 
considered : 

(PUGNH,)Cl,, (PtSNH,CI)Cl,, (Pt4NH,Cl,)Cl,, (Pt3NH,CI)C 
(Pt2NH,Cl,), (PUN H,Cl,)K, (PtCl,) Kg. The 

The electrical conductivity determinations of Werner and Miolati Ramsay 
(Zeitsch. physikal. Chem., 1893, 12, 35; 1894, 14, 506) have shown eer, Ww 


that the six atoms or groups within the brackets remain in combina "A fo 


n-ne — 


- ET 
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tion with the platinum as a complex ion in aqueous solution, and are 
therefore directly united to the platinum in the undissociated 
compound. 

Numerous investigations have proved that if the platinum is situated 
at the centre of an octahedron, the six atoms or groups in combination 
with it in the complex ion may be supposed to occupy the corners of 
the octahedron, whereas the dissociating atoms outside the brackets 
take up a position at a greater distance from the platinum, that is, 
outside the octahedron (Werner, Zeitsch. anorg. Chem., 1893, 3, 267, 
ke). The ionisable atoms are not supposed to be combined with any 
particular group X in the complex (PtX,), but rather with the 
complex as a whole (Zeitsch. anorg. Chem., 1893, 3, 326). 

After the above description of Werner’s theory as applied to the 
sties of compounds in question, we may now consider the manner in 
which the atoms are held together in the molecule. In this series of 
even compounds we have a complex which is first positive and quadri- 
valent, becoming successively tervalent, bivalent, univalent, and 
neutral. It then changes sign, becoming negative and univalent, 
and, finally, bivalent. Since the only unvarying constituent of the 
complex is the platinum, it would appear as if the platinum atom 
possessed two kinds of affinity, positive and negative, and was there- 
fore able to form the basis for a cationic, as well as an anionic, 
complex. 

The theory of duplex affinity, which was the foundation of the 
electrochemical system of Berzelius, has recently been revived by 
several chemists, particularly by Abegg (Zeitsch. anorg. Chem., 1904, 
39, 330; compare also Friend, this vol., 260; 1006). According to 
Abegg’s theory every element has eight valencies, which are divided 
into two classes, namely, normal valencies and _ contravalencies. 
Platinum in the platinie compounds, for example, would have four 
positive normal valencies and four negative contravalencies. 

Take now the compound (Pt6NH,)Cl,: with Werner’s structural 
arrangement for this substance—that is, the platinum situated at the 
centre of an octahedron, with the six ammonia molecules at the 
‘rners and the chlorine atoms outside—the constitution may be 
Written in three ways, namely, (1) the co-ordination formula 
(PtONH, JCI, ; (2) with all the ammonia molecules united with the 
platinum, and the eblorine atoms attached to the nitrogen in certain 
dumonia molecules, and (3) with all the ammonia molecules and all 
the chlorine atoms united with the platinum.* 

The second method of formulation has recently been adopted by 
Ramsay (Presidential Address, this vol., p. 786). Such formule, how- 
‘er, Would require isomerism due to differences in the points of 


A fourth art ingement has been recently suggested by Friend (this vol., 1009). 
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attachment of the chlorine atoms. Although the number of cop. 
pounds with cationic complex which have been investigated is very 
large, no such case of isomerism appears to have been observed. , 

The third method of representation, with all the ammonia molecule; 
and all the chlorine atoms urited with the platinum, will therefore be 
used in the present paper. In this way, we obtain a formula contain. 
ing a platinum atom, which is at least decavalent and which cannot he 
brought into agreement with Abegg’s theory. Although it is not 
customary to assume valencies of such a high order as ten, there is no 
a priori objection to the use of even higher degrees of valency, 
Archibald and McIntosh have suggested that oxygen may be dodeca- 
valent at very low temperatures (Trans., 1904, 85, 919). 

No attempt will be made in this paper to build up a new theory of 
valency. Indeed, in the opinion of the present author, a totally 
comprehensive and satisfactory theory of valency will not be possible 
until we have a much more complete knowledge of the constitution of 
molecular compounds, and also of the nature of chemical affinity, than 
we possess to-day. 

In developing the following formule, it will merely be supposed, for 
the reasons given on p. 1565, that every element possesses two kinds 
of affinity, positive and negative. No assumptions will be made with 
reference to valency, or to the relative intensities of the affinities in 
question. 

In the compound (Pt6NH,)Cl, we then have a platinum atom with 
positive affinity, which is capable of combining with the negative 
affinity of four atoms of chlorine. The platinum atom also has nega- 
tive affinity, which is combined in this compound with the free positive 
affinity of the nitrogen in six molecules of ammonia (compare the 
formula for ammonia on p. 1571). The chlorine atoms in the com- 
pound have positive affinity, which is unsaturated. In writing the 
following formule, the saturation of the affinities is represented by 
means of arrows pointing from positive to negative. Unsaturated 
aflinity is represented by a dotted line with an arrow head, pointing 
away from the atom if the affinity is positive and towards the atom 
when the affinity is negative. It does not necessarily follow that two 
affinities in combination as thus represented are completely saturated, 
since this can only occur when the affinities are exactly equal in 
amount but opposite in sign. 

For (Pt6NH,)Cl, we then have formula I. If a molecule of 
ammonia is removed from this formula, the platinum atom will have 
free negative aflinity, which may be supposed to saturate the 
free positive affinity of one of the chlorine atoms, namely, the om 
which passes to the vacant place in the octahedron and loses its pow? 
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com. of ionisation. (PtOSNH,CI)CI, will then be represented as II. By 


very 7 NH3 
{ 
; «---C]<— —C]- - —— —( 
cules Hs Pee HN =Ptz ‘ 
a «—NH H.N—« -—NHs; 
re be anpfll. Pa —+()}—+ 
tain- | { 
NH. NHg 
ot he 3 3 
(L.) (II.) 
3 not 
is no repeating the process, we obtain for the compounds (Pt4NH,Cl.)Cl,, 
ency, Pt3NH,Cl,)CI, and (Pt2NH,Cl,) respectively the formule 
deca- NH NH, NH, 
a. 
ry of ’ x. Pr “Tr = : Pte “Cl ci Pt HO) 
tally “~ : pr a i —*Ci 
ssible f ; t 
on of Ng Nis NH: 
than If a molecule of ammonia is removed from the substance 


Pt2NH,Cl,), there is no longer a chlorine atom with free positive 
i, for afinity to saturate the negative affinity of the platinum atom which 
kinds isthus iiberated. An atom of chlorine in an ionisable chloride, such 
with as-—> K —> Cl -->, will, however, serve the same purpose, and for 
— PiNH,Cl.)K and (PtCl,)K, we obtain 


; NH. ClK< 
with 4 
rative c= =e iaibis > andi 
ra- 
“- ea Ron i esa [ f =Cl 
sitive rl P 
e the ClK<— CiK<--- 


. COM- Be ud P P ‘. ‘ 
pert The ionisable potassium atoms in these formule are written with 
=] 


ed by free negative aflinity. The affinity will, however, be very weak, as is 

, evident from the absence of ammoniacal compounds of potassium salts 
and their tendency to crystallise from aqueous solutions in the 
anhydrous condition. 


rated 
inting 

atom 
t two Dissociation. 


rated, 
ds te The dissociation in the above series of compounds takes place, accord- 


ing to Werner (Zeitsch. anorg. Chem., 1893, 3, 325), owing to the 
ial action of the water molecules, which press in between the octahedron 
| have and the atoms outside it, thus forcing them apart. In the ideal case 
the tha perfectly stable complex, a chlorine atom situated at the corner of 
ow te octahedron does not dissociate, because the water molecules are 
poner unable to penetrate the octahedron itself. In addition to this manner 
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of dissociation, a study of the formule suggested above leads to the 
following considerations as factors in determining the extent to which 
a given chlorine atom will be ionised. 
In a solution of an electrolyte, we have the following equilibriy 
(compare Abegg, Zeitsch. anorg. Chem , 1904, 39, 359) : 
(1) Ion + ion = undissociated compound. 
(2) Ion + solvent — compound of ion and solvent. 
(3) Undissociated compound + solvent = (compound of the same 
As an example, take the formula 
NH; 
| 


“hgN—— Pr 
on —t 
NH, 
The three chlorine atoms situated in the octahedron are united to the 
platinum with two kinds of affinity instead of one, as is the case with 
the fourth chlorine. There will therefore be a much smaller tendency 
to dissociate, according to equation (1), on the part of the three 
chlorine atoms in the octahedron than on the part of the fourth, 
situated outside the octahedron. 
That the water molecule has free positive and also free negative 
affinity is evident from its tendency to polymerise in the liquid state, 
If therefore in a complex (MX,,) in aqueous solution an atom X has 
residual affinity, it will be attracted by the opposite affinity of the water 
molecules, and in virtue of this attraction will tend to leave the complex 
In a perfectly stable complex (MX,), the positive affinity of X, 
would be exactly saturated by the negative atlinity of M. If the 
positive affinity of X, were greater than the negative affinity of M 
(compare p. 1566), then the positive affinity of the X atoms would not 
be completely saturated, and they would have a tendency to dissociate 
from the complex as shown above. If, as a result of this tendency, an 
X atom were to leave the octahedron, its place would be taken bya 
molecule of the solvent in virtue of the mass action of the latter. If 
the solvent were water and the atom, which had left the complex, 4 
chlorine atom, we should have the well-known transformation of a 
chloro-compound int» an aquo-compound. 
Quite recently Werner has described a series of hydroxo compounds, 
which include substances of all degrees of basicity. From this 
interesting series, the following instances may be taken (Ber., 1907, 40, 


4133): 
HO ‘ = Ho . Pe ke HO . - 
‘ ‘ J? » N *" » 
| xo o(NH,), IX, 70° REE, IX, HOPtNH)s 
Strong base. Very weak base. Neutral compound. 
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to the The basicity of these compounds is caused, according to Werner, by 
which the hydrogen ions of the water, which react in the manner indicated 
in the equation 

ilibria 

OH 
(NH,) 


[ Fox 4(H+0H)=| coOHe  1°** + ox 400 
‘Co + 2X+(H+0H)=| Cony ) + 2X+0H. 


5 


According to the above reasoning, the basicity might also result from 
i simple dissociation of the hydroxyl group from the complex, 
{lowed by the addition of water. In both explanations, the cause of 
the reaction is to be songht in the free positive affinity of the oxygen 
inthe hydroxyl group. The greater this positive affinity the more easily 
would the hydroxy] leave the complex (as shown above). The free 
iinity would also provide the point of attack for the hydrogen ions in 
Werner’s equation. The varying degrees of basicity of hydroxo- 
compounds can therefore be explained on the assumption that the 
oxygen atom of the hydroxyl group possesses free positive affinity, 
whith is greatest in the compounds which are most strongly basic, and 
iszer) in those which are perfectly neutral. 
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tate. In the compounds (Pt6NH,)Cl, and (PcCl,)K,, according to the 
"nee theory of co-ordination, the atoms outside the brackets are not com- 
ater bined with any particular atom or group at the corners of the 
plex otahedron, but with the complex as a whole. They ‘will therefore 
y take up some position of equilibrium outside the octahedron, and 
the isomerism due to differences in this position is not to be expected. 
f M The same holds good for the formule suggested in this paper, so long 
not #8 the complex is positive, because the ionisable atoms outside the 
diate octahedron are in union with the affinity of the central atom and not 
with atoms or groups at the corners. 

When the complex is negative, the case is quite different. Take 
the formula which has been suggested for potassium platinichloride : 


CikK— CiK-+— 

a C) —| 4 «= 
in —— 
[SrnZ/ [SP<] 

co ci = ‘Cl 

CiK— cl 


The potassium atoms in this formula are united with certain definite 
chlorine atoms in the complex. Isomerism should therefore be possible 
0 the salts of complex acids, owing to variations in the positions of 
“tachment of the positive atoms. 
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The following cases of isomerism in compounds with an anionip 


complex are taken from the list of unexplained instances of isomerisy 
in Werner’s recent work, *‘ Neuere Anschauungen auf dem Cebicte dey 
anorganischen Chemie,” p. 189. 

J. L. Howe (J. Amer. Chem. Soc., 1901, 23, 775) has deserihed 
compounds of the formula (RuCl,H,O)R,, which are different froy 
the salts of the same composition prepared by Miolati and Tagiy 
(Gazzetta, 1900, 30, ii, 511). When heated, they lose water and give 
substances of the formula (RuCl,)R,, which are distinct from ‘the 
ordinary chlororuthenates. When treated in aqueous solution with 
chlorine, Howe’s aquopentachlororuthenates give hexachlororuthenates, 
(RuCl,)R,, which are isomeric with the compounds of the same formula 
described by Antony and Lucchesi ((‘azzetta, 1899, 29, ii, 82). 

According to the formule developed in this paper, (RuCl, H,0)R 
should exist in the following three forms : a 


CIR CIR CIR 
c—_! _cir Cl CIR C 

Ru Ru Ru 
Cl H,0 c1——‘cl ro 

Cl H,O CIR 

I.) (IT.) (IIT 


On chlorination, these three salts would give two hexachlorv- 
ruthenates : 


CIR CIR 

C] CIR C] | C] 
Ru Ru 

Ci Cl Cl Cl 
Cl CIR 

(From I and IT.) (From IIL.) 


If the third aquopentachlororuthenate could be prepared and 
converted into the hexachlororuthenate, it would then be possible to 
determine the configuration of the hexachlororuthenates and of the 
aquopentachlororuthenate represented by formula III. On the loss 0! 
one molecule of water, the three compounds, (RuCl,H,0)Kt., would give 
two, or perhaps three, salts of the composition (RuCl,)R, in the 
following manner : 
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CIR Cl Cl 
car co! or ca! or 
i / Ru ' Ru / 
Cl o——'or CS ——e | 
} | | 
HO H,0 H,O 
| 
Y Y 
7 Cl Cl 
or or! cir c—_! om 
/ } Ru Ru f 
— oC Cl CIR RCI Cl 


Locke and Edwards have prepared a modification of potassium 
ferricyanide which is different in chemical properties from the ordinary 
form (Amer. Chem. J., 1899, 21, 193, 413). Theoretically, two 
jsomerides, represented by the following formulz, should exist : 


CNK CNK 
| 
i__ONK on__| _onk 
Fe / |; ae. 
+ —'CNK cN’——CN 
CN CNK 
Conclusions. 


The method of formulating co-ordinated compounds which has been 
described in this paper is perhaps worthy of consideration for the 
following reasons : 

1. It affords a simple explanation of the changes in valency and in 
sign of the complex in a series of compounds like the platinum salts 
instanced above. 

2. It suggests certain factors as being of importance in determining 
the extent to which an atom in a co-ordinated compound can be 
ionised in aqueous solution. These factors depend on the amount of 
free affinity possessed by such an atom. 

nle to 3, It explains all the known cases of isomerism among compounds 
¢ the with an anionie complex. 

—_ The method of formulation can of course be applieé to co-ordinated 
1 give compounds in general, whatever co-ordination number the central 
n the atom may have, 


and 


The following will serve as illustrations : 
F H H 


‘ 


a Hoc" H7N-- 


F i H 


Hydrogen borofluoride. Methane. Ammonia. 
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H ¥ 
1 
—s_y ‘ Fo Sts Fx Ke— 
H- = - ~( l o >) F=— K=— 
H if 
Ammoniam chloride. Potassium silicofluoride. 
It will be observed that in all these formule, ionisable atoms ap 


represented with free affinity ; non-ionisable atoms, on the contrary 
have both kinds of affinity satisfied. , 


Addendum. 


In a paper which has appeared since the above was written, Mas 
and Sand (Ber., 1908, 41, 1500) have used similar formule for 
representing co-ordinated compounds with anionic complex. They 
write K,{ Mo(SCN),OH] + 4H,0 as: 


KSCN SCN 
KSON - Mf Q—=scn +44,0. 
KSCN SON 


OH 


CLIT.—The Rapid Electroanalytical Deposition and 
Separation of Metals. Part II. Antimony wid 
Tin. The Employment of a Diaphragm. 

By Henry Juxtus SaLromon Sanp. 


Apparatus.—The apparatus employed in the first part of this investi 
gation (Trans., 1907, 91, 374) has been modified only very slightly. 
The tripod has been normally placed on a few flat, wooden blocks 
or plates, so that when desired the beaker may be lowered relatively 
to the electrodes by removing the blocks. This is important whe 
large quantities of liquid, such as those employed in the deposition of 
tin after removal of the antimony, are dealt with, and is als 
convenient in the process of washing-out. A new pair of electrodes 
has been obtained. The frame of both is made entirely of iridio 
platinum, and the outer has been designed so that it may be held in as 
narrow a vessel as possible. It will pass through an opening of 
34 mm. The stem of the inner electrode has been lengthened 1 
16 em., and is not contracted at the top. The weights of the 
electrodes are 34°5 and 27°5 grams respectively. The chuck, 5 (Fig. f, 
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loc, cit.), has been replaced by a specially-designed clutch, which is 
shown in section in Fig. la, and in elevation at right angles to Fig. la 
in Fig. 1. In it the stem of the electrode is held by a rubber cork, 
which is fastened into the clutch without cement in the manner 
shown, and can easily be renewed when desired. Contact is made by 
two brass blocks, BB, which are suspended by two pieces of flexible 
wire and held against the stem by the two double springs, SS. They 
are faced with platinum foil. A vent-hole, //, allows the air at the top 
of the cork to escape. Apart from the fact that the connexion can 
be instantly undone, the advantages of this clutch are to be found in 
the platinum contacts, and in the fact that it may be employed with 
glass-stem electrodes, the description of which is reserved for future 
publication. 

The use of a mercury contact in the tubes leading to the clutch 
holding the anode has been criticised by A. Fischer (Zeitsch. Elektro- 
chem., 1907, 13, 469) in a paper in which 

theresults obtained for bismuth, in Part I Fic, 1. 

of the present investigation, have been 
confirmed. To avoid it he makes the 
inner electrode stationary, and stirs with 
a special glass stirrer, an arrangement 
which appears to me to be inferior to mine 
in convenience of manipulation. With 
regard to mereury contacts, I have always 
been fully alive to their grave practical 
disadvantages where there is any possi- 
bility of spilling drops of mercury. Such 
a possibility, however, does not exist in the present case, The great 
advantage of mercury contacts in remaining practically free from 
electrical and mechanical resistance in the atmosphere of a chemical 
laboratory has led me deliberately to choose this form of connexion, a 
choice which has been fully justified by nearly three years’ practical 
experience, 

The description of the washing of the electrodes (p. 382, loc. cit.) 
has led to misapprehension in some quarters (Foerster, Zeitsch. Elektro- 
chem., 1908, 14, 7; see also p. 92); it therefore seems desirable 
Yo state explicitly that, after lowering the beaker in which the electro- 
lysis was carried out and simultaneously washing the cathode with a 
jet of water from a wash-bottle, the beaker is replaced by an empty 
one and the electrodes are again washed with a few drops of water or 
very often disconnected without further washing. ‘The total amount 
of water employed thus only amounts to a fewe.c. It is only when 
the exhausted liquid is not required for further use that the electrodes 
we generally dipped into two successive beakers containing pure water. 
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The gravimetric estimation of antimony and tin, when present jp 
the same substance, is still considered one of the most troublesome 
operations by most analysts. 

Rapid methods of electroanalysis have hitherto met with but little 
success in the case of the metals antimony and tin. Exner (J. Amey. 
Chem. Soc., 1903, 25, 896) gives some numbers for antimony, but there 
is nothing to show that he was using solutions of a known concep. 
tration. Working under very similar conditions, I have always found 
high results (Zeitsch. Elektrochem., 1907, 13,526). Better results may 
probably have been obtained by Langness and Smith (J. Amer. Chem, 
Soc., 1905, 2'7, 1524). On the other hand, Scheen (Zeitsch. Elektro. 
chem., 1908, 14, 257), working in the Aachen laboratory under 
similar conditions, quite recently obtained high results. Tin was 
determined by Exner (loc. cit.) and by Medway (Amer. J. Sei., 1904, 
18, 56) in neutral oxalate solutions of stannous salts, and recently by 
Witmer (J. Amer. Chem. Soc., 1907, 29, 473) both in stannous and 
stannic salts by the employment of an ammonium sulphide solution, 
No separation of the two metals by rapid methods has been attempted 
hitherto. 

The Formation of Antimony Hydride.—The only solutions from 
which antimony has hitherto been deposited in a coherent form for 
analysis have been alkaline (solutions of sulpho-salts: Classen’s 
method) or neutral (tartrate solutions: Law and F. M. Perkin, Zrans. 
Faraday Soc., 1905, 1, 251) ; acid solutions have always been believed 
to yield spongy deposits. The reason for this is to be sought in 
the intermediate formation of hydrides, a matter to which special 
attention has been drawn in Part I, particularly with regard to 
bismuth. These endothermic compounds are particularly liable to be 
formed at a low temperature, and in the presence of many hydrogen 
ions. In all cases their formation can be prevented by maintaining 
the potential of the cathode at a sufficiently low value and employing 
a high temperature. It has thus been possible in the present investiga- 
tion to extend the application of electroanalysis to strongly acid 
solutions containing sulphuric acid, sometimes with the addition 
of chlorides. Perfectly coherent deposits of a light grey colour have 
thus always been obtained without sacrificing the great advantages 
which simple acid solutions always offer both for the determination 
and for the separation of metals (see Part I, p. 401; also Foerster, 
Zeitsch. angew. Chem., 1906, 19, 1842, and Classen, Zeitsch. Elekiro- 
chem., 1908, 14, 239). Solutions containing only oxalic and tartaric 
acids in the free state have also been shown to be capable of yielding 
perfectly coherent deposits under the conditions outlined. They are 
however, unsuitable for separations, as they cannot be exhausted at 4 
low potential. 
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ie The Reduction of Antimonie and Stannic Compounds.—Artimonie 
compounds must always be taken account of in the electroanalysis of 
lutions containing antimony, for they are almost invariably formed 
little at the anode, at least in small quantity, even when the electrolyte 
originally contains only tervalent antimony. The reduction of these 
there compounds must not be classed with the ionic reactions, but is 
neen- comparable rather with the electrolytic reduction of dissolved non- 
‘ound dectrolytes. In contrast to purely metallic salts, to which the 
$ may compounds of tervalent antimony may, for purposes of electroanalysis, 
“hem. be said to belong, and which are reduced almost instantaneously and 
ektro- reversibly,* the reduction of antimonic compounds does not in general 
under take place instantly at a definite potential, but is accomplished 
was slowly, the rate depending on various influences, which may be 
1904. cassified under the heading “catalytic.”’ In alkaline solution, 
tly by it is in general exceedingly difficult to reduce them, although 
s and the sulpho-salts can be readily kept in the antimonous state by the 
ution, addition of potassium cyanide. Alkaline tartrate solutions, although 
opted yielding coherent deposits, cannot be conveniently exhausted of 
yuinquevalent antimony, and are thus useless for purposes of rapid 
from dlectroanalysis. The same applies to neutral solutions. In strongly 
m for acid solution, on the other hand, reduction takes place more readily. 
.ssen’s When a sulphuric acid solution or suspension has been electrolysed 
Trans. at an auxiliary potential T not exceeding 0°75 volt and at 100° for 
slieved some time, the greater part of the antimony disappears from solution, 
ght: in bata swall amount remains as antimonic salt for a very long time. 
special ln the presence of a small amount of hydrazine sulphate, the whole of 
rd to the antimony disappears from solution slowly at an auxiliary potential 
to be of 075 volt, when the concentration of the acid is 1 part by volume 
drogen of concentrated acid to 4 parts by volume of solution. When, 
aining ou the other hand, the concentration of the acid is 1 part by 
dloying volume to 1 part of water, and the temperature is maintained above 
estiga- 00°, the antimony disappears from solution completely in the 
y acid fm Pevence of a small quantity of hydrazine sulphate at an auxiliary 


sole 


i mer. 


ddition * A cation would be deposited reversibly if the P.D. cathode-electrolyte were the 
ir have amg a current passes or not. In this case, the concentration of the cation 
sntages 2 ue layer of liquid touching the electrode would follow direc tly from the observed 
pr athode-potential by Nernst’s formula. Ac cording to Coffetti and Foerster’s results 
ination ber., 1905, 88, 2934), copper and other metals are de ‘posited from acid solution at 
oerster, ‘potential very near that of equilibrium. I have also been engaged in the study of 
Elektro- the reversibility of metal deposition for the last four years, but have not had time 
tartaric complete my experiments, I find that, under certain conditions, copper may be 
yielding ity Sjosited i im a manner approaching “‘ reversibility ”’ still much nearer than follows 
m the results of these authors. 

ney are, + The words “ auxiliary potential” are used to express the difference of potential 
ed at & vetween the 2.\ -sul phuric acid auxiliary electrode and the cathode or outer electrode. 
Nee also Part I, note, p. 381. F 


x 
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potential of 0°65 volt with a rapidity which is quite sufficient for the 
purposes of rapid electroanalysis, and it is on this fact that the 
method given in the present paper is largely based. (For notes on the 
behaviour of hydrazine sulphate as a depolariser see p. 1580.) 

The behaviour of the halogen compounds as catalysts is very strik. 
ing. A very small amount of a chloride, bromide, or iodide * added to 
an antimony solution containing one-quarter of its volume of concep. 
trated sulphuric acid causes tle solution to be exhausted completely 
with great rapidity at a temperature of 100° and an auxiliary 
potential of 0°65 volt. For purposes of analysis, the only halide that 
need be considered is the chloride, as antimony has not been deposited 
from solutions containing bromine and iodine without inclusion of the 
halogen (see p. 1577). The behaviour of tin is very similar to that of 
antimony. Stannie compounds require a higher potential for their 
reduction than stannous,—from all solutions, except strongly acid ones 
containing chlorides. This can be very plainly demonstrated by 
electrolysing a solution containing about 0°5 gram of tin as stannic 
sulphate, some hydrazine sulphate, and approximately equal volumes 
of sulphuric acid and water at about 100° with platinum electrodes, 
and at an auxiliary potential of 0°65 volt. A small residual current 
of about 0°3 ampere will pass. On the addition of about a gram of 
sodium chloride, however, the current will suddenly rise to several | 
ampeies, owing to reduction of the stannic salt. When a cathode 
covered with antimony is employed, the phenomenon is still mor 
marked. 

In acid solutions containing chlorides, stannic salts are thus, in 
general, readily reduced to the stannous state, and it is only alte 
either the whole or the greater part of the stannic compound his 
disappeared from solution that the potential will rise sufficiently t 
allow the further reduction of the stannous compound to metal to tek 
place. If the stannous compound formed is oxidised back to the 
stannic state at the anode in quantities almost as great as thoseil 
which it is formed at the cathode, the greater part of the current 
is expended as a “residual” current in doing quite useless work 
(see Part I, p. 392). In solutions containing only free oxalit 
and sulphuric acids, on the other hand, the reduction of stanuit 
compounds takes place at a much higher potential than that of tle 
stannous, and thus reduction proceeds directly to the metal withot! 
the intermediate formation of stannous compound to a measurable 
extent. In certain cases, such solutions are thus very well suited fo 
electroanalysis, and resultsare given in support of this. When, howeré 

* Fluorides behave differently. Solutions of antimonous salts containing fier 
ides require a higher potential for their decomposition than those containing © 
halogen salts, 
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large quantities of salts, such as ammonium sulphate, are present, these 
hinder the reduction to such an extent that, in spite of the high super- 
tension of a tin-covered electrode, it becomes impossible to exhaust the 
slution in a reasonable period of time. In the present investigation, 
the solutions, from which the tin was deposited after the removal of 
the antimony, contained large quantities of ammonium sulphate. The 
expedient adopted was to deposit first in the presence only of sulphuric 
and oxalic acids. The greater part of the tin thus appears in a 
beautiful silvery form, corresponding with the high potential of the 
electrode (see Part I, p. 385), and a high supertension is ensured. At 
the same time, most of the oxalic acid is removed by oxidation at the 
anode, Hydrochloric acid and hydroxylamine hydrochloride are then 
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hat of fg “ded, by which the reduction of the remaining stannic compound 
their [ag greatly facilitated, and the solution may be exhausted completely. 


The purpose of the hydroxylamine compound is to protect the anode 
from the nascent chlorine, which would otherwise be formed. This 
depolariser was first employed by Engels (Zeitsch. Llektrochem., 1896, 
2, 418). 

The Simultaneous Precipitation of Non-electrolytes and Metals in its 
Relation to the Electro-deposition of Antimony.—Electrolytic metal 
deposits are not infrequently found to contain small quantities of non- 
eiectrolytes, a circumstance which constitutes one of the most trouble- 
wme difficulties the electro-analyst has to meet. This phenomenon plays 
a specially important part in the case of antimony. From chloride, 
bromide, and iodide solutions, deposits are well known to be formed 
containing the halogen. It has been found in the present investiga- 


d ones 
ed by 
tannic 
olumes 
trodes, 
vurrent 
ram of 
several 
cathode 
ll more 


thus, 12 
ly alte MeO In agreement with Cohen and Ringer (Zeitsch. physikal. Chem., 
ind has Ae 24 47,1), that antimony may be deposited at boiling temperature 


free from chlorine in a solution containing small amounts of chloride. 


ently to 
lodine, on the other hand, appears to be always deposited with the 


| to take 


- to the metal when it is present in the solution. 

those in From solutions of sulpho-salts, deposits are likewise frequently 
a obtained containing impurities (compare Dormaar, Zeitsch. anorg. Chem., 
— 1907, 53, 349; Foerster and Wolf, Zeitsch. Elektrochem., 1907, 13, 
— 25; H. J. S. Sand, Zeitsch. Hlektrochem., 1907, 13, 326; Scheen, 


isch. Elektrochem., 1908, 14, 257 ; Cohen, Zeitsch. Elektrochem., 1908, 


he 14,301). This has led to the rejection of such solutions for purposes 
| withoo tthe present investigation. 

easurable When moderately acid or alkaline stannic solutions are kept, they 
suited ft ¢ well known to become turbid, owing to the formation of 6-stannic 


id. This compound will dissolve on warming with more acid, and on 
te aldition of a stannous salt it produces a yellow coloration 
liwenthal, Dammer’s Handbuch, Vol. 11, Part I, p. 654). It has 
n found in the present investigation that a similar yellow compound 
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is formed when antimonous salts are present. If the antimony is 
deposited from such a solution at a potential below the deposition 
potential of tin, results are nevertheless obtained which are always 
considerably high, owing to the inclusion of tin. The deposit has no: 
been analysed, but it appears almost certain that the tin is contained 
in it in the form of tin oxide, In several experiments in sulphuric 
acid solution, quantities of antimony varying between 0°36 and 0-4 
gram were taken in conjunction with a solution of b-stannic agi 
corresponding with 0°28 to 0°35 gram of tin, and the results showed 
errors varying between 2and 2°5 centigrams. When 0°3 gram of sodiuy 
chloride was added in one experiment in which 0°43 gram of antimony 
was taken in the presence of 0°35 gram of b-stannic acid, the 
antimony deposit weighed 0°52 gram. The formation of b-stannic 
acid must therefore be prevented, and it is necessary to work ina 
solution consisting largely of sulphuric acid in which a-stannic acid 
is stable. The concentration chosen was 1 part by volume of 
sulphuric acid to 1 part of water. When small amounts of tin only 
are present, the concentration of the acid may be slightly lower, lf 
the solution to be analysed originally contained 6-stannic acid, it be- 
comes necessary to evaporate the water. In the concentrated acil 
left, the transformation from 6- to a-stannic acid then takes place 
readily, and, on diluting, correct results are obtained. 

In one experiment a considerable amount of oxalic acid was added, 
This, too, had the effect of causing precipitation of the tin, a result 
which requires further investigation for its explanation. 

Numbers and other Experimental Details. Antimony.—All the 
experiments described were carried out with pure antimony (Kahlbaum), 
the impurities of which are quite negligible. As antimony is said to 
oxidise slowly in air (Ditte and Metzner, Ann. Chim. Phys., 18%, 
[vi], 29, 389), it was always kept in an evacuated desiccator when in 
the powdered condition. Special experiments showed that it does not 
change in weight in these circumstances. The volume of the solution 
was in all experiments about 80 c.c. 

Experiment 1.—The metal was dissolved in hot concentrated 
sulphuric acid (altogether 20 c.c.), and the cold solution diluted to! 
c.c. A considerable amount of antimony compound separates out of the 
solution under these conditions, but disappears again during the coure 
of the experiment. The greater part of the deposition proceeds at the 
initial potential of the cathode, but to complete the reduction of the 
antimonic compound formed, the potential must be pushed to a fait! 
high value, and a considerable time is necessary. 

Experiments 2, 3, and 4 were carried out in similar circumstances 
except that hydrazine sulphate was added after the experiment bal 
proceeded for about ten minutes to facilitate the reduction of antimonit 
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ny is compound. Thus it was possible to complete the reduction at the 
sition lower auxiliary potentials given. ‘The quantities of hydrazine sulphate 
lways were 1 gram in No, 2, 0°5 gramin No. 3, and 0:25 gram in No. 4. 
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‘ _ Sb Sb Volts, anode- Volts, Time, 
ined taken. found. Amps. cathode. auxiliary. Temp. mins, 
yhurie 02978 0°2973 3--0°6 0°55 100° 33 
10:45 then 
. 08—1°0 0°80 
¢ acid 
bevel 0:3685  0°3674 3—0°3 0°57—0°75 100 32 
0°3708  0°3705 3—0°3 0°56—0'75 100—105 30 
odium 04346 04336 3—0°3 0°56—0°70 100—105 30 
imony 0°4349 0°75 +10 
id, the 0°3315  0°3321 3—0°2 0'8—0'5 0°57—0-65 97 17 
roneen 0°3239 0°3242 3—0°2 0°60—0°65 98 15 
k in a 04000 0°4001 5—0°2 1:3—0°6 0°57—0°65 100—103 15 
is wil 04449  0°4452 5—0°2 2°4—0°5 0°7—0°65 100-105 20 
0°3572 0°3573 4—0°4 18—0°7 0°54—0°65  105—110 15 
me of 01110 01110 2—0°3 057—0°65 100—110 15 
in only 03989 0°3977 4-0-4 20—0 0°57—065 100-105 25 
er. ff 0°3983 +10 
‘it be 0°4194 074194 4—0°3 15-05 0°55—0°65  105—110 20 
i asi 0°3487 03474 3—0°3 23—05 0°55—0°65  100—115 25 
ed acid 
6 place 04043 0°4050 35—0'4 13—0°8 0°52—0°65 115—120 18 
0:5035  0°5051 4—0°3 1—0°6 050-065 105—115 20 
04018  0°4027 4—0°3 ws 0°50—0°65  100—105 20 
: added. 02108 02116 3—0°4 2—0'7 0°50—0°65 105—110 18 


result . . : ' i 
_— Experiments 5 and 6 were carried out in a solution containing 


chloride. The quantities of reagents were concentrated sulphuric acid 
l0ec., sodium chloride 2-5 grams, hydrazine sulphate 0°5 gram. The 
‘olution was perfectly clear from the beginning of the experiment. 
No change in weight of the anode took place. 
In Nos. 7—10, after the experiment had proceeded for about ten 
minutes, hydrazine sulphate and 0:1 gram of sodium chloride were 
alded in order to exhaust the liquid of antimony ; the quantities of the 
former reagent were 0-6 gram in No. 7, 02 gram in No. 8, and 0°5 gram 
in Nos. 9 and 10, The quantities of concentrated sulphuric acid were 30 
¢¢.in Nos. 7 and 8, and 40c.c.in Nos. 9and10. In the two last named, 
10 grams of oxalic acid were added, as it was thovght that this reagent 
wight perhaps prove of value in separations (see, however, p. 1578). 
Experiments 11—13 were completed at the low potential of 0°65 
volt without the addition of chloride. The hydrazine sulphate 
(506 gram) was here added from the beginning of the experiment 
hinder oxidation of the antimonous sulphate as much as possible. 
It was, however, found necessary to use no less than 30 c.c. of sulphuric 
uid per 80 c.c. of solution. In No. 11 the first result was obtained 
"hen only 20 ¢.c. were taken, the second being found after the 
uldition of another 10 c.c. 
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Experiments 14—17 were carried out under the conditions which 
alone have proved suitable for separations from tin. The quantities 
of reagents were 40 c.c. of sulphuric acid, 40 c.c. of water, and 05 
gram of hydrazine sulphate. In such a solution the reduction of any 
antimonic compound which may be formed proceeds very rapidly ata 
temperature above 100°, as has been proved by special experiments, 
There is reason to believe that a slight reduction of the sulphuric acid 
may take place, leading to the formation of sulphides and high results 
at temperatures above 120° and an auxiliary voltage of 0°65. It there. 
fore seems advisable to maintain the temperature between 100° and 
110°. No precipitates of antimony sulphate have separated from 
electrolytes having the composition of Nos. 14—17 even with the 
largest amounts taken (No. 49). 

In all the experiments recorded, both the exhausted liquids and the 
wash waters have been tested for antimony, and no more than traces 


found. 
As hydrazine sulphate plays an important part in all these deter- ; 
minations, the following notes on its behaviour as a depolariser may be 2 
given. Its efficiency appears to be slight when the current is started : 
at a high value, and a difference of about 2 volts is generally 
observed between the anode and the cathode. When, however, tle ! 


current is reduced, the depolarising action suddenly becomes much mor J can 
powerful, and the voltmeter may suddenly drop from about 2 toa Mi con 
little more than half a volt. On again increasing the current, the 
voltage will remain at its low value until a very large increase of 
the current has taken place. These facts must be borne in mind when 
the regulation of the current is interrupted for a short time in onde 9 the | 
to wash down the beaker or for similar reasons. If the voltage ha i tn is 
then not fallen to its low value, it should always be made to do so by 
momentarily decreasing the current, as otherwise great variations of JM frst] 
the latter might take place and possibly ruin the determination. Whe J reage 
the anode has been moving very fast, crystals trapped bet ween its stel 
and the guide-tube have occasionally led to the formation of a trace of B® sutlici 
a red substance around the stem, believed to be antimonous sulphide HM preser 
An effect on the results has never been perceptible. the ti 

Zin.—In all the experiments, metallic tin (Kahlbaum), the impurities MM in the 
of which are negligible, was employed. A standard solution was made Mi tempe 
up by dissolving a known weight of scraped metal in hot concth of abo 
trated sulphuric acid. A considerable amount of sulphur was productt 
and a small quantity of tin oxide was left undissolved. After diluting, 2 whi 
the solution was filtered, the tin oxide weighed, and a correction made for ditions 
it (almost negligible). The solution contained 100 c.c. of concentra Ments, 
sulphuric acid per litre, and was perfectly clear when first made 0 
On keeping, it gradually became opalescent and then milky, ow tad bee 
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the formation of 6-stannic compound. At the time the experiments 
tabulated were carried out, no precipitate separated out, so that it was 
possible to use a pipette to measure the solution. 

In all the experiments, the liquid was first made neutral,or only 
dightly acid to methyl-orange, by means of concentrated ammonium 
hydroxide, and oxalic acid was then added to dissolve the stannic 
hydroxide formed. 
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sults 
Age of 
here: solution, Sn Sn Time, Constant 
° and days. taken. found. Amps. Temp. mins. to mg. 
3 0°3500 0°3497 3 70—100° 40 0°4 
from 5  0°2797 ~—- 02802 10 85 10 beh 
h the 6 0°2797 0°2760 5 70 23 — 
0°2809 10 90 +5 0°4 
7 0°2797 0°2804 5 70—80 20 — 
id the 0°2812 +18 0°8 
traces 8 0°3500 0°3497 5 70—80 38 -0°3 
93 13 0°0028 0°0029 3 95 9 oi 
poem 4 13 0°0028 00027 3 100 8 sa 
nay be % 14 03500 03496 5-2 98 20 0-4 
26 15 0°3500 0°3494 4—2 90—99 29 —0°8 
started 7 15 0°3500 03503 5—2 80—99 15 ~0°2 
perally 


rer, the As there is no reaction by which a solution containing oxalic acid 
h more fg can be readily tested for traces of tin, the deposits must be taken to 
9 toa constant weight. A special column of the table is devoted to the 
ut, the (degree of constancy in milligrams obtained before the final weighing. 
ease of J Totest a solution containing oxalic acid roughly for tin, it may be 


d when MM boiled for a few minutes with ammonium carbonate, which will lead to 
n order (MB the formation of a precipitate or turbidity if the concentration of the 
ge his tin is not exceedingly small. 


The general conclusions drawn from the series of experiments are : 
firstly, that there should always be free oxalic acid present. As this 


» so by 
tions of 


. When reagent is oxidised rapidly at the anode, theoretically at the rate of 
its stu 73) grams of crystals per ampere-hour, it should be replaced in 
trace i MM suticient quantity to allow 1 to 3 grams per 80 c.c. of solution to be 


present at the end. Secondly, in order to secure rapid deposition of 
the tin, 0-1 to 0-2 e.c. of concentrated sulphuric acid should be present 
ppurities in the free state before the addition of the oxalic acid. Thirdly, a 
as male temperature near the boiling point should be maintained. A current 
- once of about 3 to 5 amperes may be used at the beginning of the experi- 
roduced, fm Ment, and be reduced to 2 amperes at the end. In the experiments 
diluting which 10 amperes were employed, the deposit was loose. The con- 
made fur ditions laid down here were not strictly adhered to in all the experi- 
centra nents. It appeared easier to deposit all the tin when the solution was 
made (Ma "W than later on, when a considerable amount of -stannic compound 
owing MM lad been formed. The age of the solution at the time each experiment 
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was carried out is stated. The amounts of oxalic acid crystals employed 
were 2°3 grams in No. 18, 5 grams in Nos, 19 and 20, 3 grams iy 
Nos. 21—23, 4 grams in No, 24, 3 grams at the beginning and 
2 grams after ten minutes in No, 25, and 5 grams in Nos, 26 and 27, 
In most of the experiments, the solution was made just acid to methyl. 
orange before the addition of the oxalic acid. In excess of this, 0] to 
0:2 c.c. of concentrated sulphuric acid was introduced in Nos. 25—97. 
The voltage varied from under 2 to almost 4, according to the con. 
ditions of the experiment, and the auxiliary electrode usually ros 
from about 0°9 to 13 volts during an experiment. (For the deposition 
of tin from solutions containing large quantities of ammonium salts 
see p. 1586). 

Separation of Antimony from Tin.—It has been shown that antimony 
can readily be completely deposited in the presence of hydrazine sulphate 
from its solution in sulphuric acid (1:1) at an auxiliary potential of 
0°65 volt and at temperatures above 100°. Tin does not begin to 
separate under similar conditions below 0°8 volt, and there should 
thus be no difficulty in effecting a separation. That difficulties are 
nevertheless met with when b-stannic compounds are present has 
already been stated, The following experiments, 28 and 29, show that 
these difficulties can be readily overcome if the water is evaporated 
from the solution and the latter then heated until copious, white fumes 
of sulphuric acid are produced : 


Sb Sb Sn Age, Volts, Time, 
No. taken. found. taken. days. Amps. auxiliary. Temp. —_ wins. 
280-4539 04533 035 53 { toogy 0°57—0°65 105-110" 15 
29 04469 04470 0:35 89 {o5~ 1%} 057-065 105-110 18 


In the fifth column, the age of the stannic solution is given. A 
considerable precipitate had separated out of the stock solution is 
No. 29; the quantities of tin are approximate. After ten minutes, 
0-1 gram of sodium chloride was added, which caused the residual 
current to rise from the first to the second values given in the table. 
This was done in order to exhaust the solution of antimonic compounl, 
but, as it was afterwards proved to be unnecessary and a large 
residual current is apt to lead to high ‘results when the analysis is 
prolonged unnecessarily, the practice of adding chloride was entirely 
discontinued in later experiments. 

In the following experiments, the ultimate object was to start from 
the pure metals and also to obtain a solvent which would dissolve such 
alloys containing antimony and tin as are likely to oecur in chemical 
analysis. It was also thought desirable that the solvent should be 
capable of dealing with a precipitate of antimony and tin sulphides 0 


—— 


AND SEPARATION OF METALS. PART II, 158: 


a filter-paper. Such a precipitate can obviously not be dissolved in 
sulphuric acid solution of the concentration required (1:1) without 
jissolution of filter-paper. If concentrated acid is taken, the latter 
will char, but not be completely destroyed within a reasonable time on 
thy. subsequent heating unless a little nitric acid is added. It is not 
possible, as might be thought, to dissolve the precipitate in alkali 
~97, sulphide solution, evaporate to dryness, and then treat the residue 
con- with sulphuric acid. Owing to the formation of alkali sulphate, 
rose hydrolysis of the stannic sulphate is brought about in such 
ition circumstances, Which leads to the formation of a precipitate during 
salts subsequent electrolysis, and this would hinder a separation. It is 
equally necessary to add nitric acid when alloys containing tin and 
mony other electropositive metals form the starting point, as it is otherwise 
phate impossible to avoid the formation of sulphur, which cannot be removed 
al of completely without troublesome filtrations. Besides, some metals, 
in to such as copper, cannot be dissolved quantitatively in sulphuric acid 
hould unless a little nitric acid and water are present. 

3 are When nitric acid is added, nitrosulphonic acid is always produced 
t has from secondary causes. The latter, as is well known, cannot be 
r that removed by distillation, and, on diluting, nitrous and nitric acids are 
rated formed. On subsequent heating, a precipitate of antimony pentoxide 
fumes separates out, which would cause a great deal of uncertainty in 
separations. If present in large quantity, it might be exceedingly 
dificult to reduce completely, and there is experimental evidence that 
when present in comparatively small quantity it may lead to high 
results, as it may separate out on the cathode partly unchanged from 
its supersaturated solution. It therefore becomes necessary to devise 
18 a method which will allow the complete destruction of the nitro- 
sulphonic acid, the elimination of the nitric acid by distillation, and 
pn, A the reduction of any antimonic compound that may be formed during 
jon in the process of solution. It was found impossible to destroy the nitro- 
inutes, sulphonic acid quantitatively within a reasonable time by passing 
ssidual sulphur dioxide at a high temperature into the sulphuric acid solution 
table. containing a little water. Much more success was obtained by 
pound, generating the sulphur dioxide electrolytically within the solution, but 
large even so, antimony pentoxide was formed on diluting. The nitro- 
ysis 18 sulphonic acid was found to be completely destroyed, and the antimony 
ntirely J pentoxide reduced by the employment of hydrazine sulphate in a solu- 
tion containing a little water. At first, the metal was dissolved in a 
from taker covered with a watch-glass, but drops of nitric acid always 
re sucll condense on the latter in the subsequent operations, and it is impossible 
jemical ‘© get rid of all of them completely. Finally, the procedure about to 
wuld be te described and illustrated in Fig. 2 was adopted. 

ides ot The usual pattern of beaker was employed, namely, one approx- 
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imately 42 mm. in diameter and 10 em. in height. The electrodes 
were suspended in it in the acid about 1 em. from the bottom anq 
connected to the source of current, a thermometer being placed beside 
them. It is obviously necessary that no other materials than glass, 
platinum, and rubber should,;be present above and near the beaker. 
The stem of the inner electrode is pushed through a rubber cork and 
then slid into the glass fork A. The outer electrode is held in position 
by means of the guide-tube. Contact is made by the leads B and ¢, 
These consist of glass T-pieces, into the ends of which strips of platinum 
gauze have been fused. They are filled with mercury and closed at 
the ends by rubber caps made from pieces of rubber tube and solid 
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rubber cut from a cork. A copper wire passes through thes. 
Particular attention may perhaps be drawn to the use of platinum 
gauze in making electrical connexions through glass for use with 
heavy currents. This mode of connexion was employed successfully test for 
in the apparatus Figs. 2 and 3, Part I, and also in the apparatis The f 
Fig. 3 in this paper. The connexions are easily made by cutting the this way 
glass tube at the place where the gauze is to be introduced, ther 
widening out the edges of both pieces, putting the gauze in positids, 
and then sealing the tubes together again. The pieces B and ( are 
held against the stem and the collar of the electrode respectively by 
the rubber band D. The mode of holding A, B, C in a rubber cork 
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which slides on the rod of the retort stand will be understood from 
the figure. The apparatus was always used in a draught cupboard, 
and placed in an earthenware trough as a protection in case of accident 
to the beaker. 

The acid employed consists of a mixture of 40 ¢.c. of concentrated 
sulphuric acid, 5 c.c. of water, and 2 c.c. of concentrated nitric acid. 
When this is heated to about 180°, solution of the metal usually takes 
place, and is completed fairly rapidly, the temperature being taken to 
about 220°. A current of 5 amperes is now passed. When the liquid 
has been heated to about 250—270°, vigorous effervescence takes 
place, which stirs it, and rapid reduction of the nitrosulphonic acid 
takes place. After the current has been passing at the high temper- 
ature for about five to ten minutes, it is stopped, and the liquid allowed 
to cool for at least ten minutes by about 100° A quantity of hydr- 
azine sulphate, generally equal in weight to the total amount of metal 
present and equal to 0°5 gram when the latter is below this, is now 
introduced. The liquid may be stirred by rotating the inner electrode, 
and is again heated. It is necessary to allow the electrolyte to cool 
down from 250° before introducing the hydrazine sulphate, as the 
decomposition of the latter at the high temperature would be so rapid 
that a great part of the liquid might escape any action whatever. 
The temperature is finally raised to 300°. When comparatively large 
quantities of antimony were present, a turbidity was sometimes formed 
during the operation, but this always disappeared later on. The gauze 
of the electrodes forms an efficient protection against loss by spirting. 
This has been repeatedly controlled by placing clock-glasses over the 
beaker, and afterwards testing the drops of acid which condense on 
them by hydrogen sulphide. In no case was any metal detected. 
When the temperature of the acid has fallen to about 100°, the beaker 
is placed first in warm and then in cold water. When it has thus 
been cooled to,about 30°, 40 ¢.c. of water and a quantity of hydrazine 
sulphate, either approximately equal to that of the antimony or equal 
00D gram when the antimony was less than this value, are added. 
Oncareful stirring, the temperature rises to about 120°, and the analysis 
may be commenced. The above method has in every case been found 
trustworthy. No such reagents as diphenylamine should be added to 
test for nitrosulphonic acid, as they may cause high results. 

The following experiments, 30 to 32, refer to antimony treated in 
this way : 


Volts, 
No. Sbtaken. Sb found, Amps. auxiliary. Temp. Time. 
3003281 0°3288 4—0°4 0°53—0°65 120—110' 
3] 0°4025 0°4027 4—0°4 0°56—0°65 115 18 
32 0°1883 0°1388 3—0°6 0°56—0°65 125—110 10 


When tin is to be determined in the electrolyte freed from antimony 


a 
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the sulphuric acid must first be neutralised with strong ammonia, 
This may be accomplished without loss in the following way: A 400 ¢¢ 
beaker of tall pattern and a clock-glass to cover it completely are 
obtained, and a hole drilled in the latter just large enough to alloy 
the stem of the inner electrode to pass through it easily. The acid 
solution having been washed into the beaker, the oxalic acid is added, 
and the inner electrode placed in it ; it is then covered by the clock. 
glass, and put in cold water in a trough undera hood. One hundred ce, 
of concentrated ammonium hydroxide, namely, two and a-half times 
the volume of sulphuric acid, are now gradually poured on the top of 
the clock-glass, and the liquid simultaneously stirred by the inner 
electrode. As the ammonia runs down the stem of the electrode, 
vigorous ebullition takes place, especially at the ,beginning, but the 
beaker being completely covered, there is no possibility of loss, The 
clock-glass may now be washed and removed. A few drops of methyl. 
orange having been added—litmus must not be taken, as this colloid 
appears to hinder the subsequent precipitation of the tin—the liquid 
can be made neutral without fear of loss either by concentrated 
ammonia or sulphuric acid (1:4). It is now acidified, and an excess 
of sulphuric acid is added, corresponding with about 0°5 to 0°75 e.. 
per gram of oxalic acid previously taken. It is preferable, although 
not absolutely necessary, to add the oxalic acid as described before 
neutralisation, and thus avoid the formation of a precipitate of stannic 
hydroxide. 

The solution is now ready for electrolysis. A current of 4 amperes 
and a temperature of about 70° are usually employed for a length of 
time sufficient to destroy most of the oxalic acid. A much higher 
temperature cannot be taken conveniently, as the liquid sprays very 
much. During this time, most of the tin will have been deposited. 
The current is now interrupted, 15 ¢.c. of concentrated hydrochloric 
acid and 3 grams of hydroxyl amine hydrochloride are added, and the 
temperature simultaneously raised rapidly to almost 100° The 
electrolysis is then continued with a current of 3 amperes, whieh 
may afterwards be lowered to 2. In experiments 33—38, tin 
alone was taken. Nos. 39—48 constitute a complete series, in which 
both antimony and tin were employed. The amount of oxalic acid 
was 5 grams in all experiments, except No. 47, where 3 grams welt 
considered sufficient. The time allowed to elapse before the addition 


No. Sn taken. Sn found. Amps. Temp. Time, mins. 

33 0°5319 0°5315 4 70°; 90.--95° 60 smount 
34 04891 04899 3 70°; 80° 60 special] 
35 0°5186 0°5178 3 60 ; 99 65 fin 

0°5181 +14 at 

36 0-9659 0-9679 4 70 ; 98 80 willigra 
37 0°4721 0°4710 { 80 ; 97 70 that the 
38 1°0570 1°0596 4 80 ; 100 80 
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of the hydrochloric acid varied between seventeen minutes in No. 45 
and thirty minutes in Nos. 36, 37, 42, 43, and 44. The amount of 
hydroxylamine hydrochloride added was usually 2 grams; it was 
raised to 3 as recommended above only in experiments 45 and 48. 
This was done as the anode was found to have been attacked 
slightly in some determinations. The latter was always weighed 
before and after each analysis, and was usually found quite. or 
almost unchanged. It is obviously of the greatest importance that 
the anode should not be attacked, especially at the end of the experi- 
ments, as this would lead to deposition of platinum on the cathode 
and ultimately to complete destruction of the supertension of the 
latter, on which the success of the determination largely depends. 
As the anode is not under control, it is desirable to allow a 
considerable margin of safety, and it is with this end in view that the 
conditions given above were detailed. The second number given 
under the heading “ temperature”’ is the value to which the latter 
was raised after the addition of the hydrochloric acid. It will be 
seen that in some cases it did not attain to approximately 100°. 
Similarly, the current was not reduced at the end in the majority of 
experiments as recommended. The weight of the deposit was, in 
nearly all cases, taken to constancy, and it is especially important in 
doing so to see that the temperature is raised sufficiently and the 
stirrer moving before the current is passed, as immediate attack of 
the anode by chlorine will take place if the depolariser is inefficient 
owing to a too low temperature, or has been exhausted at the electrode 
through lack of stirring. The greater part of the hydroxylamine is 
always found unchanged after an experiment, a circumstance which 
has been ascribed by Engels (loc. cit.) to the fact that the hydroxyl- 
amine is regenerated at the cathode after oxidation at the anode. 
This view appears to be correct, for I have always found nitric acid in 
small quantity in the electrolyte at the end of an experiment, and it 
is known that nitric acid may be reduced to hydroxylamine at a tin 
cathode. The auxiliary electrode usually showed about 1:5 volts at 
the beginning of an experiment and fell to about 1°3, sometimes even 
toabout 1°15, volts at the end. In one case (No. 44), it ultimately fell 
to 107 volts, whereupon the experiment was interrupted and a 
‘lightly iow result obtained. At the same time, the anode had 
decreased by more than a milligram. The anode and cathode showed 
a difference varying between 2 and 3 volts. Owing to the large 
auount of sulphuric acid employed, it is necessary to examine it 
‘pecially for impurities. The acid employed in the present investiga- 
Yon contained 3:1 milligrams of lead and slightly less than 1 
uilligram of jron per 40 e.c. As special experiments have shown 
that the former metal is deposited completely with tin, 3:1 milligrams 
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have been added to the amounts actually weighed out in the columy of a 
“tin taken.” No correction has been made for the latter metal. Ay is of 


uncertainty of a few tenths of a milligram is hereby introduced, meth 


separ 
Volts, Ti | 
No. Taken. Found. Amps. auxiliary. Temp.* ale “0 
39 0°11468b 0°1153Sh += 8—0°6 = 0°57—0°6H-=— «110-120 The 3 
0°4652Sn 0°4649Sn 4 —_— 78°: 85° are reé 
40  0°1919Sb 0°1903Sb 3—0°4 0°56—0°65 110—120° 
ane 0°4845), anh. ‘aie 
0°4858Sn 04861 J Sn 4 -— 78°; 8 
41 0°2433Sb 0:2439Sb 4—0°5 0°56-—0°67 110—120° 
0:5008Sn 0°5000Sn 4 —_ 60°; 78° 
42  0°0523Sb 0°0538Sb 2—0°4 0°55—0°67 110—123° The 
0°5125Sn 0°5143Sn 4 ne 80°; 93° ame: 
43 0°0963Sb 0-0984Sb  8—0°4 0°55—0°65 115—122° ; 
0°8541Sn 0°8555Sn 4 ae 80°; 90° occas 
44 0°1115Sb 0°1129Sb 3—0°5 0°57—0°65 110—118° electro 
O°8867Sn 0°8848Sn 4 — 75°; 90° | 
45  0°0997Sb 0°1010Sb 3—0°4 0°57—0°67 100—122° great ( 
0°8691Sn 0°8694Sn 4; 3 — 80° ; 93 experi! 
46  0°5062Sb 0°5064Sb 4—O-4 0°54—0°65 115—120 fitead 
0°5353Sn 0°5369Sn 4; 3 — iD 3 $7" “ 
17 0°8722Sb 0°8705Sb 4—0°4 0°54—0°67 107—120 and a ( 
0°1580Sn 0°1583Sn $3 2°5 — 65° ; 97° . 
48 0:0931Sb 0°0947Sb 2°5—0-4 0°55—0°65 105—124° amas 
0°85088n 0°8511Sn 4; 2 - 76°; 96° designe 
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*The temperatures for tin are average values ; the first refers to the experiment 
before the addition of hydrochloric acid and hydroxylamine hydrochloride, the 
other after. 

It is well known that it is difficult to remove tin completely froma 
platinum cathode, and at the same time it is obviously necessary to do 
so before employing the latter for the determination of antimony. 
Perfectly satisfactory results were, however, obtained by first removing 
the metal with boiling hydrochloric acid and then heating the electrode 
to 250° in sulphuric acid to which a little fuming nitric acid had been 
originally added, or through which nitrogen dioxide had been bubbled. 

In experiments 39—48, the pure metals were weighed out and 
dissolved together in the same beaker, as already described. In No. 
46 the acid became very turbid, owing to the large quantity of 
antimony, but cleared again later on. The deposited antimony was 
tested for freedom from tin in experiments 39 and 44 by re-dissolving 
and re-depositing it. In the former case, a decrease of 0°6 milligram, 
in the latter an increase of 0°3 milligram, took place. There is 4 
general tendency for the results for antimony to be high. No. 39 
must be considered accidental, as the alcohol for drying was not at 
hand in this experiment. This tendency would probably have been 
remedied if lower temperatures had been employed (see p. 1580). In 
all cases, the time was more than what was deemed sufficient for 
complete deposition. 

Separation of Antimony and Tin from other Metals.—The separation 


oe 
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of antimony and tin from other metals, especially from copper and lead, 
js of considerable practical importance, and a purely electrolytic 
method would probably offer great advantages. Most of the single 
separations involved have already been carried out ; thus copper has 
been separated from antimony, antimony from lead, and lead from tin. 
The results, however, require confirmation and further elaboration, and 
are reserved for future publication. 


The Use of a Diaphragm in Rapid Electroanalysis. 


The fact that the processes taking place at the anode may frequently 
cause considerable difficulties has already been referred to on several 
occasions, and -in some cases they may render an otherwise suitable 
dectrolyte totally unfit for analysis. It was believed that particularly 
great difficulties would be met with in the case of tin, all preliminary 
experiments having been carried out in chloride solutions. As has 
been seen, these difficulties may be met by the use of other solutions, 
anda diaphragm has therefore not been employed. Nevertheless, I 
believe that a brief description of the following apparatus, which was 
designed at the beginning of the present investigation, may be of 
interest, as it undoubtedly greatly extends the range of solutions 
available for electroanalysis, and may therefore acquire some impor- 
tance in the future. A diaphragm with stationary electrodes was 
employed by Ost and Klapprot (Zeitsch. angew. Chem., 1900, 13, 828), 
but their apparatus is based on the assumption that none of the 
catholyte should find its way into the anode chamber. 

In designing the present apparatus, it was thought that such an 
assumption could not in general be made, as diffusion will take place in 
all, but quite exceptional, circumstances. It was therefore decided 
that the apparatus should be made so that the whole of the anolyte 
could be washed into the cathode compartment after most of the metal 
was deposited. 

Fig. 3a shows the anode. It is made mainly of glass, is open at the 
top, and has a hole at the bottom. Two strips of wire gauze connected 
to four platinum wires are fused through the glass at A in the manner 
described on p. 1584. On the outside, the gauze is bound over by 
platinum wire, against which contact may be made by the platinum- 
iwed blocks, H, of the holder (Fig. 4). At B (Fig. 3a), the wires again 
ewerge from the electrode by means of strips of gauze, and the latter 
ae welded to strips attached to the gauze, (, forming the anode proper. 
The left side of the figure shows the strips after welding their ends, 
iui the right after rolling up and tying down with platinum wire. 
The gauze G stands off from the glass a little to allow the gas bubbles 
gtuerated in the heavy liquid to be thrown inwards, owing to centri- 
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‘ is escape. The rotating diaphragm (Fig. 3b) is cut 
ia rt peerage: Schill parchment paper i gery og 
slit at the top to allow it to be tied round the top " : , 7 e, 

four holes have been punched into it through whic : 0 force 
a anolyte into the cathode chamber at the end ov . ae 
The anode rotates in the guide-tube C, over whic @ collar, £, 
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i ied down 
of the cathode (Fig. 3c) slips. A piece of rubber tube, pede on 
with platinum wire, hinders the ee aa - pets 

2 cathode when the apparatus is being is Ms 
a in a clamp in the same way as the ordinary agama sas 
The holder of the anode is shown in Fig. 4. ; he prone 
duced into the tube A made of gas-pipe, — is _ aa 
stand by an insulated cork held in a c i. preety 
the capillary plug funnel, 7, rotates, a set of pulley 
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the washer, IW, being fastened to the capillary stem in the manner 

shown. Near the foot of the capillary tube, a cork is fixed holding the 

wide piece of bicycle tube, B, to which con- 

nexion is made from A by mercury. A cork Fig. 4. 
ring, R, makes loss by splashing of the latter f. 
impossible. The capillary is finally extended in aL 
the rubber tube, C, into which the anode can 
be fastened. Near the end a brass ring is ; 
pulled over it, to which flexible wires making r a: 
the connexion with 4, and springs making the 
connexion with the blocks H, are soldered. 

Before an experiment, the funnel is filled 
with the anolyte, and when the apparatus has 
been put together about 10 c.c. are allowed to 
run down to fill the anode compartment. At 
the end of an experiment, more liquid can 
again be run out by raising the plug, and the 
anolyte can thus be washed into the cathode 1° 
chamber. The plug is made hollow, and a tap 
is titted to it, so that it may be possible to 


blow liquid out of the interior of the hollow /{° 
anode to which it has penetrated after interrupt- 
ing an experiment. The dotted lines show a 

10 


wide test-tube used to protect the funnel from 
dust when not in use, and a cork platform on 
which it rests. 

In conclusion, records of a few copper de- 
terminations may be given which were carried 
out with this apparatus. The catholyte was 
of the ordinary composition, containing in Nos. 
land 2, 1 ee. of nitric acid, and in No. 3, 
1 ec, of concentrated sulphuric acid. The 
iron was added in the form of ferric alum, and 
was reduced to the ferrous state during the 
determination. No. 3 is an instance of a deter- 
mination carried out under conditions which 
would have been very difficult, if not impossible, 
without the use of a diaphragm. The anolyte consisted of a molar 
‘olution of sodium hydrogen sulphate. The maximum voltage was 


‘5 


Volts, Temp., 
‘ auxiliary, approxi- Time, 
No. Cutaken. Cu found. Fe taken. Amps. maximum. mately. mins, 
1 02353 02354 0 6—4 _ 50° 8 
2 02353 02355 0 6—0°6 0°55 60 10 
$= 00118 00119 0°37 6—0°4 0°55 60 6 
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slightly more than four. The cathode in these three determina. 
tions was made of copper, whereas the one shown in the diagram 
is of platinum. 


Part of the expense of this investigation has again been met by 
a Government Grant, for which the author desires to express his 
indebtedness. 


UNIVERSITY COLLEGE, 
NorrinGHAM., 


CLII.—TZhe Electrolytic Chlorination of the Salts of 
Organic Acids. 


By Jonn KennetH Harorp [newts and Frep Woorron. 


ALTHOUGH electrolytic methods are now often of commercial importance, 
very little is known regarding the conditions for electrolytic chlorina. Aft 
tion or bromination. The substances investigated have usually been crea 
readily oxidisable, and, as oxidation easily takes place at the same time 
as chlorination, most of the results have been unsatisfactory. Thus 
Zehrlant (Zeitsch. Elektrochem., 1901, 7, 501) found that if a solution whe: 


of phenol containing potassium halides was electrolysed, oxidation took and 
place without there being any substitution, but substitution occurred beca 
if the electrolyte consisted of concentrated hydrobromic acid and phenol. on ¢ 
Similarly, Gilchrist (J. Physical Chem., 1904, 8, 539), on electrolysing p-ber 


solutions of aniline hydrochloride and hydrobromide, obtained only 
aniline-black, whilst in the presence of a large quantity of hydro- 
bromie acid, tribromoaniline was formed. On the other hand, 4 
process for the preparation of iodoform by electrolysis has been 
perfected and is used commercially. 

Such electrolytic processes are easily regulated, and the amount of 
substitution depends on the current density and on the potential. 
The corresponding phenomena for reduction have been very fully 
investigated, and the exact conditions for the preparation of the 
various reduction products of nitrobenzene are now known. 

In the electrolysis of a mixture of two salts, the two anions reach 
the anode at the same time, and therefore the conditions are favourable 
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for the interaction of the discharged anions. If one of the salts is boiling 
potassium chloride, the conditions favour the formation of a chlorina- chlorir 
tion product of the other anion. This other anion must not be easily and so 
oxidised, and the acid from which it is derived must be readily soluble the det 
in water, for the solution tends to become acid at the anode and 8 pot con 
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sparingly soluble acid would thus be precipitated. Potassium benzene- 
sulphonate was found to satisfy all these conditions, and this paper 
gives an account of the earlier experiments which have been carried 
out with it. 

The first experiments were made with a carbon anode, which was 
rapidly rotated in order to stir the solution. It was found, however, 
that the electrode was attacked,and a platinum electrode was substituted 
for it. This consisted of a piece of platinum foil 6 cm. x 10 em., bent 
into a cylinder, and, as this could not be conveniently rotated, a centri- 
fugal glass stirrer was used. In order to protect the products of 
chlorination from possible reduction at the cathode, a porous pot was 
used. The solution of the sulphonate and of the chloride or bromide 
was placed inside the pot, and a solution of potassium halide was 
placed outside. The cathode was made from a piece of sheet iron, 
The current was obtained from a motor transformer capable of giving 
15 amperes at 10 volts. When the circuit was first closed, the current 
was small, owing to the resistance of the pot, but it rapidly rose, and, 
after a few minutes, 4 amperes could be easily passed through the cell. 
After some time, however (half an hour), the resistance of the cell 
greatly increased, and only about 1 ampere could be passed even with 
10 volts. This great increase in the resistance has not yet been explained. 
This large internal resistance caused considerable heating, and, 
when the solution consisted of potassium benzenesulphonate (1 mol.) 
and potassium chloride (4 mols.), it was found that as the solution 
became hot a yellow, crystalline substance separated. This was found 
on analysis to consist of a mixture of trichloro- and tetrachloro- 
p-benzoquinone. 

As this result seemed to be the effect of the high temperature, the 
experiment was repeated, keeping the solution near its boiling point, 
and it was found that the yield of tetrachloro-p-benzoquinone was 
then much greater. On the other hand, very little was formed when 
the solution was kept cold. 

The most satisfactory method of separating the sulphonate and 
chlorosulphonates from the unchanged chloride was to evaporate the 
filtrate, dry the crops of crystals which separated, and extract from 
them the organic salts with hot alcohol. The crystals obtained from 
this aleoholic solution were then recrystallised from water. In this 
way, several crops of crystals were obtained, which were quite free 
from chloride. When the electrolysis had been carried out at the 
boiling point, these crystals all contained considerable quantities of 
thlorine, the chlcrine content being determined by heating with lime 
and sodium carbonate and estimating the chloride. The following are 
the details for one of these experiments: The solution in the porous 
pot consisted of potassium benzenesulphonate (10 grams) and potassium 
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chloride (20 grams) dissolved in 130 c.c. of water. Seven and a-half 
ampere-hours were passed through the solution at its boiling point, 
and the amount of tetrachloro-p-benzoquinone obtained was 0-28 gram: 
this corresponds with only about 6 per cent. of the total electricity 
assed. On separating the unchanged sulphonate and its substitution 
products from the free chloride, several crops of crystals were obtained, 
all of which appeared to be mixtures of chlorosulphonates, Thus 
successive crops gave the following analyses : 


No ] 2. 3 } 5. 6 
k 13°7 12"4 14-4 — — 17°5 “ 
Cl 17°8 20°9 24°6 264 26°9 30°2 T 
C,H,Cl‘SO,K requires K = 16-9; Cl=15-4. acid 
C,H,Cl,;S0,K ,, K=147; C1=2677. ng 
C,H.ClSO,K 4, K= 13-1; Cl=35°5 per cent, wal 
It therefore appears that monochloro-, dichloro-, and possibly hs 
also trichloro-sulphonates are formed under these conditions, but the 4 
figures show that none of the crops were homogeneous. The products 
f of the electrolysis depend also in some way on the character of the hydr 
electrode, for when a platinum-iridium gauze electrode was substituted the 
for the foil, very little tetrachloro-p-benzoquinone was formed, and alky 
the quantity of substitution product was too small to be properly i 
investigated. eit 
When potassium bromide was used instead of potassium chloride, aff 
a considerable quantity of tetrabromo-p-benzoquinone was formed i: 
under those conditions which favoured production of the corresponding 
chloro-derivative. Analysis and melting-point determinations showed ean 
again that this product was not pure. A large quantity of bromate = 
was also formed, but no bromosulphonic acids could be isolated. ee 
Electrolysis of a solution containing the sulphonate and potassium igh 
iodide gave a quantity of free iodine which seemed to be without effect obtait 
on the organic salt. 
In the hope that the porous pot might be dispensed with, and the 
electrolysis thus carried out with a lower voltage, a small quantity of 
potassium dichromate was added to the solution before electrolysis. The 
Although this is sufficient to protect the substances from reduction at (Bull. 
the cathode in the preparation of chlorates, it-seemed to be quite acetoa 
useless in this case, for no tetrachloro-p-benzoquinone was formed and sulphu 
no substituted sulphonic acids could be isolated. “cham 
Its wei 
The authors intend to continue these experiments, and to determine being 
the exact conditions under which substitution takes place. They also the a-o 
intend to investigate the chlorination of other anions. Was dit 
and the 
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CLIV.—The Conductivities of the a-Oximino-fatty 
Acids. 


By JoHN KennetH HaArotp Ineuis and Lorrie Emtry Knient. 


DerERMINATIONS of the conductivities of aqueous solutions of the lower 
a-oximino-fatty acids were published by MHantzsch and Mioiolati 
(Zeitsch. physikal. Chem., 1892, 10, 1), and from them they calculated 
the dissociation constants in the ordinary way. 

They found that a-oximinopropionic acid (K =0°051) is a weaker 
acid than the first member of the series, oximinoacetie acid (K = 0-099), 
and weaker also than the next higher, a-oximinobutyric acid 
(K=0°083), whilst a-oximino-n-valeric acid (K=0°-068) is again 
weaker than a-oximinobutyric acid. The influence of the size of 
the alkyl group is not then a simple one; and starting from the 
assumption that all these acids have the syn.-configuration of the 
R-C-CO,H 

N-OH 

the position of the hydroxyl varies irregularly with the size of the 
alkyl group, so that, whilst it never passes into the anti-position, its 
actual distance from the carboxyl increases and decreases alternately 
as the series is ascended. The data given, however, seem hardly 
sufficient to justify the introduction of this idea, and it will be noticed 
that any abnormality in the value for a-oximinopropionic acid would 
reduce the results to a series of gradually diminishing dissociation 
constants. Hantzsch and Miolati decided that their a-oximinovaleric 
acid was not pure because they found that the constant decreased 
with increasing dilution. It seemed therefore desirable to prepare 
the acids of this series, as far as possible, by a general method, to 
obtain them pure, and to re-determine their dissociation constants. 


hydroxyl and carboxyl groups, namely, , they conclude that 


Preparation of the Acids. 


The method used was that described by Locquin and Bouveault 
(Bull. Soc. chim., 1904, [iii], 31, 1055). The alkyl derivative of 
acetoacetic ester was dissolved in twice its weight of concentrated 
sulphurie acid, the temperature being kept below 0°, and a solution of 
“chamber crystals” (theoretical quantity +10 per cent. excess) in twice 
its weight of sulphuric acid was slowly added, the temperature stil! 
being kept below 0°. The product was poured on to broken ice, and 
the a-oximino-ester separated as an oil or solid. In most cases, this 
was directly hydrolysed with 40 per cent. aqueous potassium hydroxide, 
aud the acid extracted with ether after acidifying with hydrochloric 
«cid, The acids were recrystallised several times from ether, or a 
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mixture of ether and light petroleum, or from absolute alcohol, and, jn also | 
some cases, finally from water. The equivalents were in all cases hydr 
determined by titration with baryta. eels 

(1) Oximinoacetic Acid.—This acid is usually prepared from glyoxylic used 
acid, but for these experiments it was prepared by the method given deter: 
above. The ester does not in this case separate as an oil or solid, but them 


it can be extracted with ether. The acid is then obtained by hydro. ¥/10: 
lysis and crystallised from water. The crystals, which begin to melt is alv 
at about 70°, are silky needles which effloresce in the air. The low 
melting point is due to the presence of a molecule of water of crystal. 
lisation, and this is lost if the crystals are left standing for three days 
over sulphuric acid. They then melt at 140—141°. Two determina- 
tions of the equivalent of the acid dried in this way gave 89°3 and 89:1 
(theory = 89-0). Analysis gave the following results: 
C=2650. H=3°37. 
C,H,0,N requires C = 26°98 ; H=3°53 per cent. 
The aqueous solution is apparently quite stable. No difference in 
the titre of an V/16 solution was found after standing three days. 
(2) a-Oximinopropionic Acid.—This was prepared by the general 
method, using methylacetoacetic ester. After several recrystallisations 
from ether, and finally from water, it melted and decomposed at 180”, 
and the equivalent was found to be 103-7 (theory = 103-0). A second 
quantity was prepared by the action of hydroxylamine on an alkaline 
solution of pyruvic acid. This formed similar crystals, melting and 
decomposing at 180—181°. A solution (4/16) in water, kept at the 
ordinary temperature for five days, remained unchanged. 
(3) a-Oximinobutyric Acid.—This was prepared from ethylacetoacetic 
ester. When crystallised from water, it forms short needles, 
melting and decomposing at 154°. The equivalent was found to be 
117°5 (theory = 1170). 
(4) a-Oximinovaleric Acid.—This was prepared from m-propyl- 
acetoacetic ester. It is sparingly soluble in water, from which it 
crystallises well, but it is better to crystallise it from absolute alcohol. 
[ts colourless crystals melted and decomposed at 140°. The equivalent 
was found to be 134°4 (theory = 131). When warmed with water it 
partly decomposes. 
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Conductivity Measurements. 


a . ). 
The measurements of conductivity were made according to Ostwald’s 


method at 25°. The water had a specific conductivity of 2°1 x 10-6 The v 
In order to test the method, measurements were carried out with number 
potassium chloride and with succinic acid, and the resulting figures at lower va 
dilutions from V/16 to V/1024 agreed with those given by Ostwald. then giy 


The values of the molecular conductivities at infinite dilution wer? 


‘ 
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also determined by Ostwald’s method. A W/32 solution of sodium 
hydroxide (from metal) was prepared, and portions were exactly 
neutr lised by means of the respective acids, phenolphthalein being 
ysed as indicator. The conductivities of these solutions were then 
determined, and also the conductivities of the solutions obtained from 
them by dilution. The dilution was carried out until the solution was 
y/1024. According to Ostwald, the difference between py. and pryo94 
is always the same (= 10) for a monobasic acid. 


TABLE [, 


Molecular Conductivities of the Sodium Salts at 25°. 


P V = 32. 64. 128. 256. 512. 1024. 
Oximinoacetic ......... pw = 756 79°5 82°0 853 R8°5 92°0 
a-Oximinopropionic ... a = 72°0 75°5 78°5 81°3 84°5 89°90 
a-Oximinobutyric ...... mw = 69°6 73°2 75°3 78°3 815 85-0 
a-Oximinovaleric ...... mw = 68°7 72°5 74°5 77°5 80°0 84°5 


When these measurements (table 1) were carried out, it was found 
that the Ostwald rule was not obeyed, and that r,9.,— 3. was about 
15, instead of 10. As the acids are not weak acids, this result cannot 
be due to hydrolysis. It may indicate that a second ionisation takes 
place, and that when the hydrogen atom of the carboxyl group has 
been replaced by sodium, the hydrogen atom of the oximino-group can 
be partly ionised. This ionisation (too small to be detected by titra- 
tion) would increase with increasing dilution, and might explain the 
deviations observed. 
In these circumstances, in order to obtain the value yp, , a slightly 
diferent method was employed. If this ionisation did not take place, 
lp ~ Myo Would, according to Ostwald, be equal to 13. Hence, as the 
iouisation probably does not take place in a solution of the acid, we 
can obtain x for the acid from the equation : 
(4a for a id)=(p. for sodium salt) + 13-51 +347 

= (gq for sodium salt) + 309, 
jl and 347 being the conductivities of the sodium and hydrogen 
ions at 25° (Ostwald-Luther, Phys. Chem. Messungen, 415). The 
values thus obtained are : 


ORIMIORIOEES occ cccicicccssces. Bo = 384 (386) 
a-Oximinopropionic ......... Mo = 381 (383) 
a-Oximinobutyric............... Ho = 379 (380) 
a-Oximinovaleric .. ............ Men = 878 (878). 


The values in brackets are those obtained by calculation from the 
uumber of atoms in the molecule. Hantzsch and Miolati used much 
lower values (356—365), the conductivity of the hydrogen ion being 
then given a much smaller value than at present. 


a 
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TABLE II. 
Molecular Conductivities of the Acids. 
a 
Oximinoacetic Acid. pw, =584. 
V= 16. 32 64. 128. 256. 512. 
m 46°] 63°2 85°9 114°0 148°4 188°2 
K 0°102 0°101 0°101 0°098 0°095 0°092 
Mean value KX =0°096. 
a-Oximinopropionic Acid. py =381. 
(1) From methylacetoacetic ester : 

V = 16. 32. 64. 128. 956. 512. 
fore 32°] 44°6 61°5 82°7 110°4 144°2 
Pcusvsecs 0°048 0°049 0°049 0°047 0°046 0°045 

Mean value K =0°047. 
(2) From pyruvic acid: 

V = 16. 32. 64. 128. 256. 512. 
ee 15°0 61°9 841 1113 1460 
| EERE 0°049 0°049 0°049 0°049 0°047 0°047 

Mean value K=0°048. 
a-Oximinobutyric Acid. py» =379. 
(a) V = 16. 32. 64. 128. 256. 512 
ua 40°5 55°3 74°8 99°2 1284 15670 
K 0°080 0°078 0°076 0°072 0-068 0°056 
Mean value A=0°:070 
(d) " 16. 32. 64, 128. 256. 512. 
A caaczeicie, Ta 54°6 73°3 96°1 125°0 158°9 
. eee 0°080 0'076 0°072 0°067 0°063 0°059 
Mean value K=0°068. 
H. and M. (recalc.) : 
0°077 0°077 0°075 0°070 0°068 
a-Oximinovaleric Acid. pay =378. 

V = 16. 32. 64. 128. 256. 512 
pporneeree 36°5 19°4 64°9 83°9 107°1 133°5 
ane 0°064 0°06] 0°056 0°050 0°044 0°038 

From first three, mean value K=0°060. 
H. and M. (recale.) : 
| Se 0-060 0°059 0°058 0°057 0°054 


In the case of the last two acids, a freshly-made solution showed at 
increase*of conductivity with time for about two hours before the 
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falling off, due to decomposition, became noticeable. Thus an approxi- 
mately V/16 solution of a-oximinobutyric acid had a molecular con- 
ductivity of 37-0 immediately after making up, but, after one and a-half 
hours, the value had risen to 41°4. In the case of the lower acids, no 
such increase was observed. The change, however, was not very 
rapid, and the values of the conductivities given in the tables are 
those obtained as soon as the temperature had become constant. 
Exact measurements in regard to the change have yet to be made. 


Discussion of Results. 


The conductivity measurements given above agree on the whole 
rith those of Hantzsch and Miolati, but give in the first two cases 
slightly higher values for the dissociation constants. It appears that 
the rate of decomposition of the oximino-butyric and -valerie acids 
has been much greater than in their measurements, although both 
wts of figures show the same distinct falling off of the constant. 
From their results, Hantzsch and Miolati drew the conclusion that 
the acids exist in only one form, and, by comparison with other cases 
in which two forms are known (for example, oximinophenylacetic 
acid), uhis form appeared to be the syn.-form, the anti-form being 
usually a much stronger acid. The anomalous values of the 
conductivity constants were supposed to be due to variations in the 
distance of the hydroxyl of the oximino-group from the carboxyl 
group. In the case of oximinopropionic acid, this hydroxyl was 
supposed to be nearer the carboxyl group than in the other acids, and 
thus to have a weakening effect on the strength of the acid. It is 
dificult to see how this can be the case. The measurements of the 
conductivities of the sodium salts point to the oximino-group being 
itself partly ionised, and it would certainly be acting as an acid group 
in that ionisation. Therefore, comparing this case with that of 
maleic and fumaric acids, the syn.-position should correspond with the 
sionger and unstable acid, and a high value of the dissociation 
constant would therefore be coupled with instability of the acid itself. 
Now, if we compare the acids with one another, we find that oximino- 
propionic acid has the highest melting point, and this is also the case 
with its ester (table III). 


Tasie III. 
Melting Points of the Acids and Esters. 
Acid. Ethyl ester. K, 
Oximinoacetic ..............0008 140° oil 0096 
a-Oximinopropionic ............ 180 68—69° 0°047 
@-Oximinobutyric ............... 154 58 0-069 
«-Oximinovaleric ......... ..... 140—144 48 0060 
«-Oximinoisovaleric ............ 150 56 


#-Oximinoisobutylacetic ...... 150—151 60 — 


es 
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The melting point is, however, not a true melting point, fo 
decomposition takes place with formation of water, carbon dioxide 
and a nitrile. Consequently, the apparent melting point is really 
only the temperature at which this decomposition takes place. Asx jt 
takes place at a higher temperature with oximinopropionic acid, th: 
probability is that the carboxyl and hydroxyl groups are further 
apart in that acid than in the others, and not nearer together, as 
Hantzsch and Miolati supposed. This view is supported by the fact 
that aqueous solutions of the two lower acids are stable, even on 
heating, whilst the two higher acids decompose even in solution at the 
ordinary temperature. Thus, in six days, at the ordinary temper. 
ture, an aqueous solution of oximinobutyric acid decreased in strength 
from 0:0625N to 0:0317N, and a solution of oximinovalerie acid 
decreased from 0°062N to 0:049N in two days and to 0:027¥ in sis 
days. This behaviour is what one would expect on examining the 
structures of the molecules. The methyl group in oximinobutyric 
acid is in the 1 :5-position with respect to the hydroxy] of the oximino- 
group, and in oximinovaleric acid it is in the 1 :6-position. This 
structure would therefore, according to Bischoff, tend to force the 
hydroxyl nearer the carboxyl group, and the substance would be less 
stable. This initial rise of conductivity in these acids indicates that 
two distinct forms of the acid exist, and that the one is slowly formed 
from the other in solution. It appears therefore that the relations 
between the conductivities and configurations are not so simple as was 
supposed, and, with our present knowledge of these substances, m 
definite conclusion can be drawn. It is therefore intended to continue 
these experiments, and to examine the conductivities and stabilities of 
the higher acids of the series. 
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In conclusion, the authors are glad to take this opportunity of 
expressing their thanks to Dr. A. W. Stewart for his help during the 
course of the investigation, 
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(LY.—The Formation of Ethers from Compounds of the 
Benzoin Type. 


By JAMES CorguHoun Irving, Ph.D., D.Se., and Davin McNico.t, 
M.A., B.Sc. (Carnegie Scholar). 


Ir has been shown in a former communication (Trans., 1908, 93, 950) 
that the action of hydrogen chloride and methy] alcohol on ordinary 
benzoin is not a simple one, and results in the production, in addition 
to benzoin methyl ether, of alkylated furan derivatives. We have 
extended our work in order to ascertain if the formation of such 
by-products is general, and the present paper describes the results 
obtained by applying Fischer’s method of alkylation (Ber., 1893, 26, 
1412) to various compounds possessing the benzoin structure. 

We find that the action of hydrogen chloride on an ethyl-alcoholic 
slution of benzoin gives results widely different from those previously 
observed with solutions in methyl alcoho]. No complex condensation 
compounds are formed, and benzoin ethyl ether (m. p. 62—63°) 
constitutes the main product. Some ambiguity seems to exist with 
regard to the latter compound, as Jena and Limpricht (Annalen, 1870, 
155, 97) describe it as a product of the interaction of benzoin, ethyl 
alcohol, and sodium ethoxide, melting at 95°. This value, although 
it does not agree with that (62°) subsequently found by Fischer, who 
wed the hydrochloric acid method, or by Lander (Trans., 1900, 77, 
133), who afterwards obtained the compound by the silver oxide 
reaction, has nevertheless retained its place in the literature. In 
oer to settle this point, we have repeated both Fischer’s and 
lander’s preparations, and find their products to be identical and to 
contain one ethoxyl group, as shown by the results of Zeisel determina- 
tions. The correct melting point of benzoin ethyl ether is therefore 
663°. As it appeared possible that the compound described by 
Jena and Limpricht might be isomeric with benzoin ethyl ether, and 
thus be an alkylated furan derivative, we have also repeated their 
experiments. We find that their observations are so far correct, in 
that a substance, apparently homogeneous ‘and melting constantly at 
93—95° after several crystallisations from alcohol, was obtained as a 
product of their reaction. By a curious coincidence, the crystalline 
form, solubilities, and analytical composition of the substance agreed 
approximately with those of benzoin ethyl ether, but Zeisel determina- 
"ons gave entirely negative results. After fusion and recrystallisa- 
Won from dry ether, the substance was ultimately separated into 
bydrobenzoin and isohydrobenzoin. 


Sreac 
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theref 
furan 


It would thus appear that Jena and Limpricht’s “ ethy] benzoin ” jg 
either the hydrated form of isohydrobenzoin (m. p. 95—96°) described 
by Forste and Zincke (Annalen, 1876, 182, 279) or the mixture of 
isomeric hydrobenzoins, which melts constantly at 95° (Annalen, 1879, 
198, 152). The agreement of the analytical figures with thos 
required for benzoin ethyl ether must thus be regarded as q 
coincidence, the high carbon content being due to the presence of 
impurities. The observations recorded by Jena and Limpricht, that 
the so-called “ethyl benzoin” was unaltered by sodium amalgam, but 
was oxidised by nitric acid to give benzoin and benzil, are in agree. 
ment with either of the above explanations as to the nature of the 
substance. 

In the case of anisoin, we find that Fischer’s process does not yield 
any appreciable quantity of anisoin methy! ether, but results in partial 
oxidation to anisil, and in the formation of two substituted furan 
derivatives analogous to those previously obtained from ordinary 
benzoin. Although the process was modified in various ways by 
altering the concentration of acid and the temperature at which the 
reaction was carried out, the result was invariably the same, and 
normal methylation did not take place. 

The condensation compound first produced melted at 218—21¥, 
and analyses agreed with the formula C,,H,,0,, containing fix 
methoxyl groups. As is frequently the case with anisoin derivatives, 
the substance was easily resinified, and thus few reactions could be 
studied to elucidate its constitution. Its ready oxidation to anisil 
however, and conversion by Baeyer’s process into a mixture of 
p-dimethoxystilbene and deoxyanisoin, show that the compound is 
comparable with af-dibenzoyl-a-methoxydibenzyl, which is obtained 
from benzoin in a similar reaction. We therefore regard the 
substance as a:4:4' : 4": 4'"-pentamethoxy-aB-dibenzoyldibenzyl, 

MeO:C,H,°CH C(OMe)-C,H,OMe 
Me0-C,H,-C<0>0-0,H,OMe 


The second product of the condensation melted at 264—265°, and 
was formed in greater quantity towards the end of the reaction, pre 
sumably by the addition of methyl alcohol to the compound of lower 
melting point just referred to. The analytical composition was the 
same as that required for anisoin methyl ether, but the molecular 
weight was twice as great, pointing to the formula Cy, H 50s. Th 
compound was further distinguished from anisoin methy! ether by its 
sparing solubility and high melting point, and was analogous in every 
respect to 2-hydroxy-3 : 5-dimethoxytetraphenyltetrahydrofuran, whic 
is produced under similar conditions from benzoin. ‘The compound 18 
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therefore regarded as 2-hydroxy-3 : 5-dimethoxytetra-anisyltetrahydro- 


furan : 


Me0-C,H,-CH C(OMe)-C,H,-OMe 
Me0:C,H,°C(OMe):O-C(OH):C, H,*OMe * 

The action of hydrogen chloride on an ethyl-alcoholic solution of 
anisoin gave, on the other hand, no complex condensation products, the 
reaction yielding a small quantity of anisoin ethyl ether contaminated, 
however, With anisil, from which it could not be completely separated 
by crystallisation. Similar experiments were made with o-dimethoxy- 
jenzoin, which, when dissolved in methyl alcohol and subjected to the 
tio of hydrogen chloride, only deposited extremely minute 
quantities of crystalline matter, the amount of which did not admit 
d further examination. Normal methylation, however, proceeded to 
wme extent with the formation of small quantities of o-dimethoxy- 
tenzoin methyl ether, but the process was only successful when the 
wlution contained about 15 per cent. of hydrogen chloride. In the 
ase of less strongly acid solutions, the benzoin was recovered un- 
altered, whilst at higher concentrations o-methoxybenzoic acid was, 
owing to molecular rupture, formed in quantity. 

On applying the same process to furoin, we found that even small 
quantities of hydrogen chloride acted on a methyl-alcoholic solution 
of the compound, giving a highly-coloured liquid from which a dark 
geen, crystalline precipitate separated. The product was practically 
insoluble in ordinary solvents, but, without further purification, gave 
wmalytical figures agreeing with those required for furoin methyl ether. 
For the sake of comparison, we prepared the latter substance from 
furoin by the silver oxide method, and obtained it in the form of a 
readily soluble syrup, so that the insoluble compound referred to 
above is not the product of normal methylation, but is doubtless 
aalogous to the substance, melting at 285°, previously obtained in a 
imilar reaction from benzoin. According to this view of its structure, 
the compound possesses a unique constitution, five furan residues 
being directly linked. The substitution of ethyl for methyl alcohol in 
the above reaction led to no definite result, the furoin either being 
‘eovered unaltered or undergoing oxidation. 

It will thus be seen that the hydrochloric acid method of alkylation 
does not give very uniform results when applied to benzoins. When 
uethyl alcohol is used as the solvent, furan derivatives are formed, 
ini,asa rule, the alkyl ethers formed are contaminated with oxidation 
products, which render purification difficult. On the other hand, the 
flver oxide reaction gives extremely good yields of the desired 
“upounds, which crystallise readily. The methyl ethers of benzoin, 
“0, 0-dimethoxybenzoin, and furoin are thus produced in almost 
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quantitative amount, and the yields of the corresponding ethyl ethers 
are also satisfactory. 

The following table summarises the results obtained by applying the 
two alternative methods of alkylation to the various benzoins studied. 
The numbers express the percentage yields of the different products 
in terms of the weight of benzoin used : 


Th 
react 
subst 
tallis 
the in 
the e 


Methy] alcohol Methyl] iodide Ethyl alcohol Ethy] iodide 
and hydrogen and silver and hydrogen and silver 
chloride. oxide. chloride. oxide, 


Benzoin ...|50—75% Methyl} Quantitative | 70% Ethyl ether.| 70% Ethy! ether. as a ¢ 
ether. methylation. | No furan ‘No furan | 
20—35% Furan (A) | derivatives. derivatives, solub 
— moth 
3enzil also | ( 
formed. i3—$ 
Rec 
Anisoin......, Nomethylation. | Quantitative | 25% Ethyl ether.| Quantitative 
41% Furan methylation. | Anisil also ethylation. 
derivatives. (B) | formed. by the 
42% Anisil. itic 
o-Dimeth- ps , 
oxybenzoin| Very little Quantitative | — negati 
methylation. methylation. | Fov 
, o- Methoxybenz- (C) 
oic acid formed. | C,4r 
a , e , ae Jen 
Furoin ...... No methylation.| 80% Methyl | No ethylation. Very little 
10% Furan ether. Oxidation | action. 
derivatives. | products formed. 
(A) Trans., 1907, 91, 1391. (B) Trans., 1907, 91, 543. (@) Trans., 1901, 79, 672. form 
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EXPERIMENTAL. 
Action of Ethyl Alcohol and Hydrogen Chioride on Benzoin. 


This reaction, already carried out by Fischer, was repeated for 
reasons given in the introduction. Twelve grams of benzoin were 
dissolved in 700 grams of absolute ethyl alcohol, and dry hydrogen 
chloride was passed through the’solution. In different experiments, the 
saturation with the gas was carried out at 60° and 10° respectively, 4 
greater proportion of solvent alcohol being of course necessary in the 
second instance. In each case the result was the same; the liquid 
remained quite clear even after standing for some days, and, when 
poured into water, gave a copious, white precipitate. The crystalline 
product, after spreading on porous porcelain and recrystallisation from 
light petroleum, melted at 62—63°. Analysis showed the compound The 
to have the composition of benzoin ethyl ether, and a Zeisel determina- 
tion confirmed the presence of one ethoxy! group: contain 

Found: OEt = 19°64. 

C,,H,,0(OEt) requires OEt = 18°75 per cent. 
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Action of Ethyl Alcohol and Sodium Ethoxide on Benzoin. 


The directions given by Jena and Limpricht (Joc. cit.) for this 
reaction were adhered to, and the same weights of the reacting 
substances were used. The solid product, when fractionally erys- 
tallised from absolute alcohol, gave a series of crystalline crops, 
theindefinite melting points of which showed that little separation of 
the constituent substances had taken place. The use of dilute alcohol 
asa crystallising medium led to more satisfactory results. The less 
sluble compound was shown to be hydrobenzoin, and from the 
mother liquors a product crystallising in prisms and melting at 
§3—95° was obtained, as described by Jena and Limpricht. 
Recrystallisation from alcohol did not affect the melting point, and, 
asan analysis gave figures agreeing approximately with those quoted 
by the latter observers, the substance apparently possessed the com- 
position of benzoin ethyl ether, but a Zeisel determination gave a 
negative result : 

Found: C=80°60; H=6°80; OEt=Nil. 

C,,H,,0(OEt) requires C=80-00 ; H=6°66 ; OEt=18°75 per cent. 
Jena and Limpricht found : 

C = 80°30 ; H=6°70 per cent. 

The properties of the substance agreed closely with the hydrated 
form of isohydrobenzoin, but the carbon value found is too high, 
This, however, may have been due to the presence of traces of the 
compound C,.H,,O,, the carbon content of which is considerably 
higher. On heating at 105° for four hours, the fused mass became 
semi-solid, and, when then recrystallised from ether, gave two products 
melting at 118—120° and 128—130°, which analyses showed to be 
isohydrobenzoin and hydrobenzoin respectively. 

It may be mentioned here that no ethyl ethers of any kind are 
formed in the above reaction. In an experiment duplicate in every 
way with that described by Jena and Limpricht, the total solid 
product was crystallised in eight separate fractions, each of which was 
examined by Zeisel’s method. In every case a negative result was 
obtained. 


Condensation of Anisoin with Methyl Alcohol. 


The anisoin used was obtained from Kahlbaum, and melted at 
1l0—111°. On passing dry hydrogen chloride into a well-cooled solution 
containing 35 grams of the compound in 1200 c.c. of anhydrous methyl 
alcohol, the liquid rapidly acquired a brilliant red colour, which did 
lot appreciably darken during the further solution of the gas. When 
the concentration of the acid amounted to 5 per cent., a sparingly 
VOL. XCIIL. 50 
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soluble precipitate commenced to form, which was filtered at intervals, 
After the liquid had remained at the temperature of the room for iden 
twelve hours, no further solid product was obtained on saturating the the ¢ 
filtrate with hydrogen chloride, and identical results were obtained in 
similar experiments in which the concentration of the acid amounted whic 
to 10, 20, and 30 percent. The crystalline precipitate referred to of lo 
above weighed 14°5 grams, and, after washing with methyl alcohol genel 
until free from acid, was extracted several times with a large excess 
of boiling acetone. The undissolved residue (4 grams) consisted of 
minute, irregular plates, which, without further purification, melted 
sharply at 264—265°, whilst the acetone extract deposited on con. 
centration a substance crysta!!ising in rhomboidal plates, which, after 
recrystallisation from the same solvent, melted at 218—219°, 

Examination of the strongly acid mother liquors obtained in each 
of the above preparations showed that in no case had methylation of 
the anisoin taken place. The bright red solutions when poured into 
water gave a semi-crystalline oil, which solidified on standing. After 
washing with water and two recrystallisations from ethyl alcohol, this 
product was obtained in the characteristic form of anisil (m. p. 133%, 
the yield of which amounted to 42 per cent. of the weight of anisoin 
used. The united mother liquors collected during the purification of 
the anisil contained a little resinous matter, and no anisoin methy! 
ether could be detected. 

Examination of the Compound melting at 218—219°.—The compound 
is insoluble in water, sparingly soluble in ether, acetone, or alcohol, but 
is readily dissolved by benzene or chloroform. Analysis gave: 


C=73'26; H=6:20; OMe= 29-47. 
C,,H,,0,(OMe), requires C=73°33 ; H=5:93 ; OMe= 28°70 per cent. 
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The substance, which was without action on Fehling’s solution, 
even after boiling with hydrochloric acid, was readily oxidised to 
anisil when warmed in acetic acid solution with nitric acid. When 
boiled with acetic anhydride and sodium acetate, it was recovered 
unaltered, and it also resisted the action of acetic anhydride containing 
sulphuric acid so long as the solution was kept cold. When gently 
warmed, however, complete decomposition took place. 

The action of hydrogen iodide on the compound was also investigated, 
but, as is frequently the case with anisoin derivatives, the product was 
an uncrystallisable resin. When mixed with zinc dust and distilled 
in a current of carbon dioxide, a crystalline distillate was obtained, Ho Mot 
from which by purification from alcohol two products were separated. Hi 10g to th 
The more sparingly soluble substance crystallised in glistening leaflets 10, 7 
melting at 209—211°, readily recognisable as p-dimethoxystilbene 117 gray 
which has already been isolated (Trans., 1907, 91, 542) asa reduction of Saliey 
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roduct of anisoin derivatives. The more soluble compound was 
identified as deoxyanisoin by the melting point and conversion into 
the corresponding oxime. 

Examination of the Compound melting at 263—265°.—This substance, 
which is isomeric with anisoin methyl ether, resembles the compound 
of lower melting point, but is much less soluble in organic solvents 
generally : 

Found: C=71°34; H=6°58; OMe=31°80. 

(,,H,,0,(0Me), requires C=71:33; H=6:30; OMe=32°52 per cent. 
The molecular weight, determined in chloroform solution by the 
boiling point method, agreed with the formula C,,H,,0, (Found 551; 
theory requires 572). The reactions of the compound were very 
similar to those already described for the substance of lower melting 
point. Thus it was unacted on by boiling with acetic anhydride and 
sodium acetate, was easily resinified by the action of hydrogen iodide, 
and underwent ready oxidation to anisil when boiled with alkaline 
potassium permanganate solution. On adding the compound to acetic 
whydride containing a little concentrated sulphuric acid, a brilliant 
violet solution was obtained, which gradually passed through a series 
of colour changes, finally becoming red. On pouring into water, 
however, the bulk of the original material was recovered unaltered, 
and, in addition, a small quantity of resinous matter was isolated. 


Action of Ethyl Alcohol and Hydrogen Chloride on Anisoin. 


Three grams of anisoin were dissolved in 120 ¢.c. of absolute ethyl 
alcohol, and dry hydrogen chloride was passed into the well-cooled 
solution until the concentration of the acid amounted to 25 per cent. 
fven after preserving the solution for several days, no sparingly 
sluble products were obtained. The liquid was accordingly examined 
to ascertain if normal ethylation had occurred. When poured into 
water, a crystalline precipitate was formed, which, after filtration 
and washing with water, was recrystallised from alcohol. The 
bulk of the product consisted of anisoin ethyl ether, mixed, however, 
vith anisil, which could not be completely separated by any process 
of crystallisation. 


Action of Methyl Alcohol and Hydrogen Chloride on 
o-Dimethoxybenzoin. 


_¢Methoxybenzaldehyde was prepared from salicylaldehyde accord- 
ng to the method previously described by one of us (Irvine, Trans., 
901,79, 668). The yield of alkylated aldehyde was satisfactory, 
Ili grams of constant boiling product being obtained from 120 grams 
af ‘ulicylaldehyde, but the compound did not crystallise readily, even 
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when repeatedly distilled. This may be due to the fact that “ kiiufliches” 
salicylaldehyde was used, and, although we were unable to detect any 
noticeable impurities either in the starting material or in the 
methoxybenzaldehyde prepared from it, the subsequent condensation 
to the benzoin gave very unsatisfactory yields. The substitution of 
Voswinckel’s method of preparing the etheric aldehyde did not result 
in any improvement, the yield of o-dimethoxybenzoin only amounting 
to about 20 per cent. of the theoretical amount. The large quantitie; 
of oily by-products formed during the condensation seemed to consist 
largely of nitriles. 

The treatment! of the benzoin with methyl alcohol and hydrogen 
chloride was carried out in the usual way, and, as explained in the intro- 
duction, when the concentration of the acid amounted to 5 per cent., the 
benzoin was recovered unaltered. Using a 15 per cent. solution of 
hydrogen chloride, the liquid became bright yellow, and deposited 
a minute quantity of crystalline matter, which, as it melted between 
150° and 160°, did not consist of any known derivative of the benzoin, 
On pouring the filtrate into water, a crystalline precipitate was 
obtained, which, after several recrystallisations from ether, melted at 
59—60°, and therefore consisted of o-dimethoxybenzoin methyl] ether; 
only a small amount of it, however, was obtained. Using higher 
concentrations of hydrogen chloride (30 to 60 per cent.), the solutio. 
became bright red, no sparingly soluble by-products were formed, ang, 
when diluted with water, a semi-crystalline oil was precipitated. 
After spreading on a tile and recrystallising from a mixture of alcohol 
and light petroleum, the acid product melted at 97—98°. Analyses 
showed the compound to be o-methoxybenzoic acid. 
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Action of Methyl Alcohol and Hydrogen Chloride on Furoin. 


The details of the process were the same as already described for 
other benzoins. The liquid rapidly darkened during solution of the 
gas, und was quite black when the concentration of the acid amounted 
to 10 per cent. On standing overnight, a dark sooty deposit formed 
on the walls of the flask, which appeared to be carbonaceous matter. 
When filtered and washed with alcohol, however, it was apparent that 
the product possessed a dark olive-green colour, and was definitely 
crystalline. A similar result was obtained with solutions contaimg 
2-5 per cent. of hydrogen chloride, and by leaving furoin in contact 
with methyl] alcohol containing 5 per cent. of the acid. In the latter 
case, the furoin passed gradually into solution, and the dark-coloured 
precipitate afterwards separated. The yield was about 10 per cent. of 
the furoin used. , 

No definite melting point could be obtained for the compound, which 
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began to fuse with decomposition at about 200°. It was quite insoluble 
in water and in the common organic solvents with the exception 
of benzene, in which it dissolved to a slight extent, giving highly- 
coloured solutions. It was thus impossible either to determine the 
molecular weight or to recrystallise the substance, which was not 
further purified. Judging from previous experience in similar 
reactions, the product is doubtless a mixture of the two complex furan 
derivatives C,,H,,O; and C,,H,,O,. Analysis supported this view : 
Found : C=64°63 ; H=5°17. 

C,,H,,O; requires C=66°31, H-=4:21 per cent. 

C,,H,,0, »  C=64:08. H=4°85 ,,_,, 

A Zeisel determination gave OMe = 14-32, from which we conclude 
that the specimen was essentially C,,H,,O,(OMe), (theory requires 
0Me=15-05 per cent.). On the analogy of our results obtained with 
other benzoins, we believe the compound to be 2-hydroxy-3 : 5-dimethosy- 
ttra-a-furyltetrahydrofuran : 

C,H,0°CH —C( OMe): sH,0 
C,H,O-C(OMe)-O°C(OH):-C,H,0 


Ethylation of Benzoin by the Silver Oxide Method. 


lander (Joc. cit.) has already prepared benzoin ethyl ether by the 
silver oxide method, but found that the reaction resulted in partial 
molecular rupture, benzaldehyde and ethyl benzoate being obtained 
in addition to benzoin ethyl ether, the yield of which amounted to 
{) per cent. of the weight of benzoin used. In repeating his prepara- 
tion with a view to comparing his product with Fischer’s, we have 
succeeded in eliminating these secondary reactions to a considerable 
extent, the preparation being more successful if the boiling point of 
the solution is lowered by the addition of ether. The reaction was 
id for J carried out with benzoin (1 mol.), silver oxide (3 mols.), and ethyl 
f the HB iodide (9 mols,), sufficient dry ether being added to reduce the boiling 
yunted point of the solution to 50°. During heating at 48—50° for three 
ormed HH hours, the benzoin passed gradually into solution, the temperature 
jatter: HM thereafter being maintained at 55—60° for eight hours. On extracting 
it that HE with boiling ether and evaporation of the solvent, a colourless oil was 
initely #% obtained which solidified completely and consisted of benzoin ethyl 
ainiog MH ether; this, after recrystallisation from light petroleum, melted 
contact sharply at 62—63°. ‘The yield amounted to more than 70 per cent. of 
, latter HA the weight of benzoin used. 
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Ethylation of Anisoin by the Silver Oxide Method. 


The reaction was carried out as usual, the anisoin (1 mol.) being 
dissolved in ethyl iodide (6 mols.) to which a little acetone had 
been added, and the solution boiled for several hours with silver 
oxide (3 mols.), The product was extracted with boiling ether, and 
crystallised very readily on concentration of the solvent. The com. 
pound, when purified by recrystallisation from 50 per cent. alcohol, 
melted at 103—104°. The yield was quantitative : 


Found: C=71°81; H=6'93. 
C,,H,,0, requires C= 72:00 ; H=6°70 per cent. 


01663 gave, by Zeisel’s method, 0°3850 AglI. OMe=20-38; 
OEt = 14°83. 
C,,H,O(OMe),*OEt requires OMe = 20°66 ; OEt = 15-00 per cent. 


The compound possessed the usual properties of such substances, but 
the melting point is somewhat irregular, being much higher than that 
found for the corresponding ether of ordinary benzoin. 


Methylation of Furoin by the Silver Oxide Method. 


This reaction presented some difficulty on account of the sparing 
solubility of furoin in methyl iodide and its ready oxidation to furil. 
When silver oxide was added to a solution of the benzoin in a mixture 
of methyl! iodide and acetone, the reaction was very vigorous, a number 
of striking colour changes took place, and the product obtained was a 
bright red syrup of a complex nature. The use of methy] alcohol to 
facilitate the solution of the furoin in methyl] iodide apparently led to 
less extensive decomposition, but the main product was found to be 
furil. Ethyl acetate proved to be a more satisfactory solvent, but the 
boiling point of the solution was too high and oxidation ensued. The 
process was finally carried out by adding silver oxide (2 mols.) toa 
solution of furoin (1 mol.) in ethy! acetate containing methy] iodide 
(5 mols.), sufficient dry ether being added to reduce the boiling point 
of the solution to 50°. The mixture was boiled for six hours and 
worked up as usual. The product, after two alkylations, was a clear, 
yellow, neutral syrup, readily soluble in organic solvents, which de- 
composed on heating to 80°. 

The analysis which was therefore carried out without further 
purification gave results agreeing approximately with those required 
for furoin methyl ether. No crystalline derivative could be obtained. 
The ethylation of furoin by the silver oxide method was also 
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attempted under similar conditions, but in each experiment the bulk 
of the benzoin was recovered unaltered. 


The authors gratefully acknowledge their indebtedness to the 
Carnegie Trust for a research grant, which defrayed the expenses of 
the investigation. 
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CLVI.—Studes of the Perhalogen Salts. Part IT. 
By CHar.tes Kenneto TINKLER. 


Some preliminary results of an investigation on the formation of the 
iodine additive compounds of iodides, bromides, and chlorides as 
shown by means of ultra-violet absorption spectra were given in 
a former paper (Trans., 1907, 91, 997). It was found that, whilst 
dilute aqueous solutions of iodine, an iodide, a bromide, or a chloride 
have no characteristic ultra-violet absorption spectra, the periodides 
containing the groups I,, BrI,, and Cll, give rise to three distinct 
types of absorption spectra, each showing well-defined absorption 
bands. 

In that paper it was pointed out that the method of investigation 
might be applied not only for the detection of the presence of a 
periodide in a given solution, but also for its quantitative estimation. 
In the present paper an account is given of the study of other 
iodine additive compounds, and also of some experiments on the 
formation of perbromides. 


The Periodides of Alkylsulphine Salts. 


In 1885 a series of perhalogen salts derived from the alkylsulphine 
salts was described by Dobbin and Masson (Trans., 1885, 47, 56), who 


pointed out that these substances might be represented by formule 
such as 


(IV) wy /l 
(CH,),SLI, or (CH,),S—I. 
‘I 
(I.) (II.) 
In the one case the sulphur atom is quadrivalent, and in the other, 
sexavalent. Dobbin and Masson favour formula (II) for these sub- 
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stances. Hilditch and Smiles have recently (Trans., 1907, 91, 1396) 1 
adduced evidence in favour of the formula dilt 
wy /L = 

(CH;), SCI ( 

Hgl iodi 

for the mercuric iodide additive compounds of alkylsulphine iodides, Mo 
and this view, as they point out, is strongly supported by the results cbc 
solu 


obtained by Pope and Neville (Trans., 1902, 81, 1097), who found that 
the mercuric iodides of the trialkylsulphine iodides are incapable of 
resolution. It might therefore be assumed that the corresponding 
iodine additive compounds would be. represented by formula (II), 
Since it has been found that the group I, possesses such highly 
characteristic absorption spectra, it was thought that an investigation 
of the ultra-violet absorption spectra of these iodine additive com- 
pounds might throw some light on their constitution, as only a 
substance of formula (I) would possess the characteristic absorption 
of the I, group. 
‘ On the addition of trimethylsulphine iodide to an aqueous solution 
of iodine, the ultra-violet absorption spectra which are obtained are 
identical with those of a solution of iodine containing potassium 
iodide. Similarly, aqueous solutions of iodine to which trimethyl- 
sulphine bromide or chloride has been added, give spectra identical 
with those of solutions of iodine containing potassium bromide and 
chloride respectively. 
It would appear, therefore, that in aqueous solution the substances 
have the formule (CH,),8""/I,I,, (CH,),S"”’Br,I,, and (CH,),S°CLL, 
and are true perhalogen salts. 
The actual configuration of the groups of the three halogen atoms 
will be discussed later. On the addition of trimethylsulphine iodide 
to a chloroform solution of iodine, the spectra obtained are identical 
with those of an aqueous solution of iodine containing this or other 
soluble iodide. The compound therefore appears to have the structure 
(1) in chloroform solution also. 
A specimen of the mercuric iodide compound of trimethylsulphine 
iodide was prepared according to Hilditch and Smiles’s method 
(loc. cit.), and its absorption spectra examined. The substance 
showed no indication of the absorption bands characteristic of the I, 
group. This result would be expected, as this substance is certainly 
not a periodide. | 
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Quinoline Tri-iodide. 


It appeared of interest, for purposes of comparison, to examine the 
absorption spectra of a periodide of a cyclic base, and for this purpose 
quinoline tri-iodide was selected. 
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The absorption bands due to the [, group are observed in such 
dilute solution that the presence of the quinoline nucleus should be 
practically without effect on the spectra. 

Quinoline tri-iodide was prepared by the addition of a solution of 
jodine in potassium iodide to a solution of quinoline sulphate (Dafert, 
Monatsh., 1883, 4, 509). The spectra of solutions of this substance in 
chloroform and alcohol are practically identical with those of a 
solution of iodine containing excess of potassium iodide. The sub- 
stance therefore appears to contain the true periodide group, as 
is expected from the ordinary reactions of the substance. 


Some experiments were carried out to determine the amount of 
periodide produced by the addition of successively large quantities of 
substituted ammonium iodides to a chloroform solution of iodine. It 
was found that in this case the amount of periodide produced is almost 
directly proportional to the amount of iodide added, whereas in the 
case of an aqueous solution of iodine this is not the case. 

Thus the spectrum of a layer 25 mm. thick of an V/1000 solution of 
iodine in chloroform, containing sufficient tetrapropylammonium 
iodide to combine with one twenty-fifth of the iodine in the solution, 
is the same as that of a layer 5 mm. thick of a solution containing 
five times that amount of iodide. The same spectrum is also given 
bya layer 1 mm. thick of a solution containing twenty-five times the 
amount of iodide contained in the first solution, that is, sufficient 
iodide to combine with the whole of the iodine. Similar results were 
obtained with tetraethylammonium iodide. 

Abegg and Hamburger (Zeittsch. anorg. Chem., 1906, 50, 403) have 
studied the stability of the higher polyiodides of the alkali metals in 
the solid state by estimating the amount of iodine withdrawn from 
a benzene solution of this substance by shaking with various 
iodides. It was found that the stability in the case of the higher 
polyiodides of the alkali metals was increased with increasing atomic 
weight of the metal. 

From an examination of the spectra of solutions of iodine which 
contain equivalent small quantities of the iodides of these metals and 
of ammonium iodide, it does not appear possible, from the experiments 
already undertaken, to detect any difference in the stability of the tri- 
iodides of these metals, as the spectra produced are in all cases the 
same, 

Bythe addition of equivalent quantities of tetra-methyl-, -ethyl-, and 
‘propyl-ammonium iodides to an aqueous alcoholic solution of iodine, 
‘tactly the same spectra are obtained. It would appear from this 
eult that the tri-iodides of these substances in aqueous alcoholic 
‘lution are equally stable. 
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Some preliminary experiments on the effect of temperature 
on the stability of the periodides have been carried out. A layer 
65 mm. thick of an 4/4000 solution of iodine in water containin 


0-01 per cent. of potassium iodide was photographed, and the solution chlo: 
was then warmed to 30°. From the spectra of the solution at 30°, it jg mag 
seen that some of the periodide is decomposed, as the absorption bands chlo 


due to the I, ions tend to disappear. (A slightly greater thickness of chlo: 
layer at 30° was photographed to allow for expansion.) On cooling, 
the bands gradually reappear, showing that the periodide is repro. 
duced. The spectra, however, still show a slight difference from those by c 
of the original solution, owing to the partial loss of iodine. 

Exactly similar results are obtained by heating a solution of iodine 
containing a bromide or a chloride. The bands due to the Brl, and 
CII, ions tend to disappear at the higher temperature. ; 

It is hoped to carry out further experiments in this connexion. 


Perbromides. 


The formation of additive compounds of bromine and potassium 
bromide has been investigated by Wildermann (Zettsch. physikal. Chem., 
1893, 11, 407) and Roloff (Zeitsch. physikal. Chem., 1894, 13, 327), 
Worley (Trans., 1905, 8'7, 1107) found that a solution of bromine in 
potassium bremide at low concentrations contained only the tribromide, 
KBr,. Berthelot (Compt. rend., 1885, 100, 761) found from the beat 
of solution of bromine in hydrochloric acid that a substance HCI,Br, 
was produced. 

As mentioned in the former paper on perhalogen salts, it was found 
that on the addition of potassium bromide to bromine water the 
spectra of the solution show a well-defined absorption band, whereas 
neither bromine nor potassium bromide at that particular concentration 
shows any absorption in the ultra-violet.* It seemed possible therefore 
that the formation of perbromides might also be investigated by this 
method. 

Exactly the same spectra were obtained by adding to the aqueous 


solution of bromine the bromides of the following metals: sodium, of br 
potassium, rubidium, calcium, strontium, barium, magnesium, and of th 
cadmium, and also by employing hydrobromic acid, ammonium, tetra- 

methyl- and tetraethyl-ammonium bromides (Fig. 1). All these solu- brom; 


tions therefore contain the group Br,, and it is to the presence of this bromi 
group that the absorption band in each case is due. of mo 

On the addition of potassium chloride to bromine water, the spectta the 
of the solution show one absorption band, and from analogy to the of th 


* An account of the absorption spectra of bromine in various solvents is given 
Kayser’s Handbuch der Spectroscopic, 1905, 3, 320. Case ¢ 
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corresponding compounds produced by the addition of a bromide 
to bromine water, the solution probably contains the ion CIBr,. 
Exactly the same spectra were obtained by the addition of the 
chlorides of lithium, sodium, rubidium, calcium, strontium, barium, 
magnesium, cadmium, and aluminium, and also by employing hydro- 
chloric acid, ammonium, tetramethyl- and _ tetraethyl-ammonium 
chlorides (Fig. 2). 

Asin the case of the periodides, the amount of bromine in com- 
bination with the bromide or chloride can be approximately determined 
by comparing the spectra of bromine water containing a small quantity 
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N/500-Bromine in water + excess of potassiwm bromide. 


of bromide or chloride with those of bromine water containing excess 
of the bromide or chloride. 

In the latter solutions it may be assumed that the whole of the 
bromine is in combination with the halogen salt, as when a solution of 
bromine contains a certain amount of bromide or chloride the addition 
of more of the salt produces no change in the spectra. In the case of 
the perbromides, the quantitative determinations by this method 
of the amount of bromine in combination with a halogen salt are 
necessarily less accurate than the corresponding determination in the 
case of the periodides, owing to the rapidity with which the bromine 
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reacts with the water. A layer 25 mm. thick of an W/1000 solution 
of bromine in water containing 0°24 per cent. of potassium bromide 
gives spectra which are the same as those of a layer 8 mm. thick of 
a solution of bromine containing excess of potassium bromide. If, as 
is probable in the latter case, the whole of the bromine is in combina. res 
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tion with the bromide, then in the first solution approximately one 
third of bromine is in combination with the bromide. 

Similarly, the spectrum of a layer 5 mm. thick of an ¥/500 solution 
of bromine in water containing 0°5 per cent. of potassium chloride is 
the same as that of a layer 2 mm. thick of a solution containing 
excess of potassium chloride. It appears, therefore, that in the 
solution containing the smaller quantity of potassium chloride, approx 
mately two-fifths of the bromine is in combination with the chloride. 


“ ren 
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As in the case of iodine, no evidence of the formation of any 
additive compound of a fluoride and bromine has been obtained. 

The view of the formation of additive compounds of bromine 
with bromides and chlorides receives striking confirmation from the 
results of determinations of solubility of bromine in solutions of 
bromides and chlorides. 

The solubility of bromine in different solvents is given by 
McLauchlan (Zettsch. physikal. Chem., 1903, 44,617), Winkler (Chem. 
Zeit., 1899, 23, 687), Worley (Trans., 1905, 8'7, 1107), and others. 
From these results it is seen that a normal solution of potassium 
bromide dissolves approximately four times as much bromine as is 
dissolved by water, whilst a normal solution of potassium chloride 
dissolves about one and a-half times as much bromine as is dissolved 
by water. 

Determinations of the solubility of bromine in solutions of mag- 
nesium and cadmium bromides and chlorides were also undertaken by 
the author, and it was found that bromine was much more soluble in 
the bromide solution than in the corresponding chloride solution. It 
would be expected, therefore, that by the addition of equivalent 
quantities of bromide and chloride to similar solutions of bromine, 
more bromine would combine with the bromide than with the 
chloride. 

It is seen from the spectra that in an V/1000 solution of bromine 
containing 0°24 per cent. of potassium bromide, one-third of the 
bromine is in combination, whilst in a solution of bromine containing 
an equivalent quantity of potassium chloride, only about one-tenth of 
the bromine is in combination. 


Alkylsulphine Perbromides. 


As in the case of the periodides, the perbromides of the alkyl- 
sulphine salts may be represented by one of the following formule : 


(IV) vy /Br 
(CH,).SBr, Br, (CH,),.5—Br 
‘Br 

(III.) (IV.) 


By the addition of trimethylsulphine bromide to bromine water, 
the solution shows spectra which are exactly the same as those of a 
solution of bromine containing potassium bromide. Similarly, tri 
methylsulphine chloride added to bromine water gives a solution the 
spectra of which are identical with those of a solution of bromine con- 
taining potassium chloride. 

From these results it would appear that the substances in aqueous 
‘olution contain the groups Br, and ClBr,, so that this affords 
‘vidence in favour of formulie such as (ILI) for these substances. 
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It has been shown in the case of the periodides that, in aqueous 
solution, iodine combined more readily with an iodide than with 
a bromide, and more readily with a bromide than with a chloride. 
In the case of the perbromides, it is seen that bromine combines more 
readily with a bromide than with a chloride. It seemed of interest 
therefore, to determine whether a bromide combines more readily unsa 


with bromine or with iodine, and similarly to find whether a chloride asy 
has the greater affinity in aqueous solution for bromine or for iodine, subti 


The results of some preliminary experiments in this connexion may 
be mentioned. In an V/1000 solution of iodine in water containing 
0-24 per cent. of potassium bromide, approximately one-third of the 
iodine is in combination with the bromide. 

An 1/1000 solution of bromine in water containing the same 
amount of potassium bromide gives spectra which also show that 
approximately one-third of the bromine is in combination with the 
bromide. 

In the case of equivalent solutions of iodine and bromine containing 
the same amount of chloride, it appears that the chloride combines 
more readily with the iodine than with the bromine. 

Further experiments in this connexion are being undertaken. 
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CLVIIL.—TZhe Relation between Unsaturation and Optical 
Activity. Part IV. The Relative Influence of Bi, 
Quadri-, and Sexa-valent Sulphur on Rotatory 


Power. 
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THE comparison of various groups of optically active substances 
containing sulphur has served to show that a bivalent or quadrivalent 
sulphur atom exerts a greater influence on the optical rotatory power 
than the more saturated sexavalent sulphur, and, further, that the 
optical effect is considerably increased if a second group rich in 
residual affinity is placed adjacent to the unsaturated sulphur atom. 
Three different series of compounds have been utilised for this 
purpose, and these will be discussed in the following order : 

(1) Sulphur derivatives of /-amyl alcohol. 

(2) - re »» camphor, 

(3) Alkaloid salts of aromatic sulphinic and sulphonic acids. 
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Derivatives of |-Amyl Alcohol. 


The following table gives, in addition to the molecular rotation, the 
algebraic difference between that number and the molecular rotation 
of -amyl alcohol, in order to display more clearly the influence of the 
unsaturated groups. Since these sulphur derivatives contain two 
asymmetric amyl radicles, the “difference” has been estimated by 
subtracting one-half of the observed molecular rotation from that of 
lLamyl alcohol. 


[M]p. Difference. 
l-Amyl alcohol, C,H,,°OH .................. — 4°58 — 
Di-/-amyl sulphone, (C;H,,).SO,............ about + 34 about 21 
Di-/-amyl sulphoxide, (C,H,,).SO ......... about + 37 about 23 
Di-/-amyl sulphide, (C;H,,)8........ —_ + 42°67 25°91 
Di-/-amyl disulphide, (C;H,,)S*S(C;H,,).. + 149°40 79°28 


The di-/-amyl sulphone and sulphoxide were prepared according to 
the methods described by Saytzeff (Annalen, 1866, 139, 354) and 
Beckmann (J. pr. Chem., 1878, [ii], 17, 440), but, as the diamyl 
sulphide used in the preparation was unfortunately not optically pure, 
the figures are given only as some rough indication of the true values. 
The data for diamyl sulphide and disulphide are taken from 
Brjuchonenko’s figures (J. pr. Chem., 1899, [ii], 59, 47, 596). In 
this series, a simple decrease in valency of the sulphur seems to be 
accompanied by small increase in optical activity, but when two 
bivalent sulphur atoms occur in conjugation, an extraordinary optical 
exaltation occurs, and this behaviour finds a striking parallel in the 
similar cases of camphor derivatives quoted below. 


Derivatives of d-Camphor.* 


A comparison of some substances related to camphor-8-sulphonic 


acid is still more instructive : 
{M],. Difference. 


athens tak cemaiias paintilgadavadeheasieeneans + 68 — 
d-Camphor-8-sulphonic acid, C,y)H,,O°SO."OH  ............... + 49 19 
d-Camphor-8-sulphonyl chloride, C,)H,;O°SO.Cl_ ........ a 0 
d-Dicamphoryl £-a-disulphone, C,)H,,0°SO,"SO,"C,)H,,0.. +132 2 
d-Camphor-8-sulphinic acid, C,)H,,0°SO,H  .................. —157 225 
d-Camphory]-8-mercaptan, C,)H,,0°SH  ..................000085 + 1] 57 
d-Camphoryl-8-mereaptan acetate, C,)H,,0°S*CO°CH, ...... — 93 161 
d-Camphoryl-8-mercaptan benzoate, C,)H,,0°S*CO*C,H,... — 46 114 
d-Dicamphory] B-disulphide, CygH,,;O0°S,°C jy H,,0 ............ - 355 246 


Reviewing these in detail, it is seen that the sulphonyl chloride and 
disulphone contain the most “saturated” sulphur nuclei, and that 


* The references from which these figures are collected are: camphor-8-sulphonic 
wid, Reychler, Bull. Soc. chim., 1898, [iii], 19, 120 ; camphor-8-sulphony] chloride, 
Amstrong and Lowry, Trans., 1902, 81, 1447 ; camphoryl-a-disulphone and -B-sul- 
phinic acid, Smiles and Hilditch, Trans., 1907, 91, 519; camphoryl-8-mercaptan 
aud its derivatives, Lowry and Donnington, Trans., 1903, 83, 479. 
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these possess optical activity of much the same order as camphor clu 
itself. On the other hand, in the sulphonic acid, there exists abo 
contiguous to the sulphone residue a hydroxy] group possessing some 

degree of residual affinity, and corresponding with this a change of mig 
about twenty degrees takes place in the molecular rotation. Camphor- rei 
B-sulphinic acid, presumably containing quadrivalent sulphur, shows a salt. 


very pronounced alteration in activity, far greater even than that of pret 
the mercaptan ; it has been pointed out (Smiles and Hilditch, loc. cit.) 138 
that there can be no other possible change in constitution accom. at t 
panying the transition from sulphonic to sulphinic acid unless the mad 


enolic structure were present in camphorsulphinic acid, and the latter ae 


supposition is at present unsubstantiated by any chemical evidence, opti 
Hence it must be supposed that the large change in rotatory power is follo 
due to the increased unsaturation of the sulphur caused by decrease of effec 
valency, and to the conjunction of the quadrivalent sulphur with the the | 


hydroxyl group. Other quadrivalent sulphur compounds, such as 
diphenetylcamphorylsulphonium derivatives, also show a large negative 
molecular rotation, but, as these are exceedingly complicated and of 
much larger molecular weight, it is not advisable to draw many 
conclusions from them. 

Finally, a well-marked regularity may be observed in the bivalent 
thio-derivatives of camphor. Camphor-8-mercaptan shows a difference 
of 57° from the molecular rotatory power of camphor, and, further, 
when other unsaturated groups are placed adjacent to the sulphur 
atom, as in the acetate and benzoate, this difference is doubled or 
trebled. Most remarkable of all is the change observed when two 
bivalent sulphur atoms are conjugated ; here the alteration is more 
than four times as great as for the mercaptan, a difference which is 
strictly parallel with the relations between diamy] disulphide and 
sulphide quoted on a previous page. On the other hand, the rotation 
of camphoryl f-a-disulphone affords a contrast to this behaviour, for 


in this instance there are two relatively saturated sulphone groups in 1 Be 
conjugation, and no optical anomaly whatever is observed. It is also { p-T 
noticeable that the very enhanced change in rotation in the cases of te 
diamyl and dicamphoryl disulphides occurs where the conjugated \p-X 


unsaturated groups are identical and symmetrically arranged. p-P 

It should be stated that the optical activity of all the above 
substances was measured in alcohol or, in a few cases, in chloroform 
solution. 
assigne 
assume 
sulphur 
(1) J 
With eo 
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Alkaloid Salts of Aromatic Sulphinie and Sulphonic Acids. 


The study of brucine and cinchonine salts of some corresponding 
sulpbinic and sulphonic acids has furnished results leading to coh 


an o re 
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clusions which at a first glance seem opposed to those drawn from the 
above instances. The acids used have been in every case members of 
the aromatic series, and so, judging from previous experience, one 
might expect any change due to unsaturation in the acidic group to be 
reinforced by the presence of the contiguous benzenoid residue. The 
salts were prepared and purified by the same methods as had been 
previously used (Parts IT and III of this series, Trans., 1908, 93, 700, 
1388), and were examined in the polariscope in chloroform solution 
at two dilutions, namely, 5 and 2} per cent. The measurements were 
made in a 2-dem. tube at a temperature of 21°, except in the cases 
specially indicated, and the figures obtained, which, together with the 
optical rotatory powers of the parent alkaloids, are collected in the 
following tables, show that a sulphonic acid has in general a greater 
elect than the corresponding sulphinic acid on the optical activity of 
the base. 

I. Brucine Salts. 


Percentage 5 24 


concentration : eS ——, 


Acid, [a]. [M],. [a]p. [Mjp. 

~ 122°0 — 480°7 —122°0 — 480°7 

{ Benzenesulphinic * ............... - 19°8 —106'1 — 20°2 — 108-2 
| Benzenesulphonic *............... 16°1 88°9 16°6 91°6 
| p-Toluenesulphinic ............... 15°2 83°6 15:0 82°5 
| p-Toluenesulphonic............... 12°5 70°7 11°8 66°8 
| p-Xylene-2-sulphinic ............ 14°0 79°0 14°2 80°1 
\p-Xylene-2-sulphonic ...... ..... 15°5 89°9 16°0 92°8 
| p-Phenetylsulphinic *............ 20°3 177 20°2 117°1 
| p-Phenetylsulphonic*............ 14/1 84°0 14°2 84°6 


* Temperature = 22°. 


II. Cinchonine Salts. 


Percentage 5 24 
concentration : c ; cr , = 
Acid, [a]. [M].. [a]p. [M].. 
+ 222°0 +652°7 + 222°0 + 652°7 
{ Benzenesulphinic................0 + 111°4* +4485°6 +123°6 +538°9 
\Benzenesulphonic ...........0++. 90°2 * 407 °7 90°6 409°5 
| p-Toluenesulphinic ............... 100°3 451°4 107 °6 484°2 
\p-Toluenesulphonic...........0.+. 94°9 442°3 99°0 461°3 
{p-Xylene-2-sulphinic nero ere 114°2 529°9 120°2 557°7 
| p-Xylene-2-sulphonic ............ 97°2 466°6 103°8 498°0 
A ae a 909 seginenataceen 101°2 485°6 104°2 500°0 
p-Phenetylsulphonie ............ 98°1 486°6 105°4 522°9 


* Temperature = 23°. 


The interpretation of these results depends on the constitution 
wsigned to the salts of aromatic sulphinic acids. It is generally 
‘sumed that, at all events, the free acids contain quadrivalent 
‘ulphur, for the following reasons. 

(l) As a class they do not possess the stability usually associated 
with compounds containing the sexavalent sulphone residue. 
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(2) On esterification with alcohols and hydrogen chloride, esters are 
formed isomeric with, but distinct from, the alkyl sulphones (Otto, 
Ber., 1885, 18, 2493). 

(3) In concentrated sulphuric acid solution, sulphoxides or gy]. 
phonium bases may be formed by condensation (Smiles and Le 


Rossignol, Trans., 1906, 89, 706) : ns 
R-SO-OH + C,H,°0-C,H, = R:SO-C,H,-0°C,H, + H,0. firs 
On the other hand, the following reactions indicate that under suitable wit 
conditions a portion at least of the acid exists in the form R-80,H The 
and contains sexavalent sulphur. rect 
(1) Substituted sulphones result from the union of sulphinic acids pris 
with quinone derivatives (Hinsberg and Himmelschein, Ber, 1896, 0 
29, 2024): 
R:SO,H + 0:0,H,:0 = R-SO,°C,H,(OH).. 
(2) The author (Trans., 1908, 93, 1524) has recently shown that in 
glacial acetic acid solution part of the acid is converted on oxidation 
to a-disulphone. TI 
Again, practically all the reactions of the sodium salts of these acids perm 
aceord better with the sexavalent than with the quadrivalent sulphur dilut 
formula. Thus with alkyl iodides, sulphones and not sulphinic esters sulpe 
are formed (Otto, Ber., 1880, 13, 1272), whilst aromatic a-disulphones petro 
result by their interaction with aromatic sulphonyl chlorides (Kohler 1 
and MacDonald, Amer. Chem. J., 1899, 22, 224). There are there- 0:2 
fore good reasons for inferring that the alkaloid sulphinates contain 
the sulphinic acid in the sexavalent form RK*SO,*H, rather than in the 
quadrivalent, R*SO-OH, a conclusion which is supported by the 
difficult fusibility and the stability at high temperatures of most of 
the salts described. Comparing the two series of salts from Bra 
R:SO,°H q R-‘SO,°OH colour 
Sulphinic ” Sulphonic ’ 0°15 
it is evident that in those of the sulphonic series the sulphone group is | 
associated with the unsaturated hydroxyl, whilst in the sulphinic salts he 
theesulphone nucleus is united to hydrogen, an element which may be delique 
considered to be completely saturated. ‘The optical behaviour, there chlorof 
fore, falls into line with all the other cases to which allusion has been melts g 
made, and it may be said that the effect of a relatively unsaturated 019 
sulphur atom in an optically active compound is to cause an abnormal P 
rotatory power, and is of a similar nature to that of other type ian 
of unsaturation previously examined. prisms, 
240—2 
0106 
Bruei 
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EXPERIMENTAL. 


1-Diamyl Sulphowide, (C;H,,),SO. 


About 20 grams of /-diamyl sulphide were dropped in small portions 
at a time into a large excess of cold fuming nitric acid. After the 
first vigorous action had subsided, the mixture was set aside for a few 
minutes, and then poured into a large bulk of water (Saytzeff, loc. cit.). 
The sulphoxide separated as an oil which quickly solidified; after 
recrystallisation from light petroleum it formed short, colourless, waxy 
prisms, melting at 40°: 

01108 gave 0:2563 CO, and 0°1147 H,O. C=63:09; H=11-50. 
C,,H,,08 requires C = 63:16 ; H=11°58 per cent. 


1-Diamyl Sulphone, (C,H, ,),SO,. 


The sulphoxide was oxidised by excess of powdered potassium 
permanganate in glacial acetic acid solution in the cold. After 
dilution with water and removal of the excess of permanganate with 
sulpaurous acid, the product solidified. On crystallisation from light 
petroleum it separated in long, colourless needles, which melted at 
29—30° : 

02785 gave 0°5922 CO, and 0:2607 H,O. C=57-98; H=10-40. 
C,,H,,0,8 requires C = 58°25 ; H = 10°68 per cent. 


Brucine Salts. 


Brucine Benzenesulphinate, C,,H,,0,N,,C,H,"SO,H,2H,0O.—Cream- 
coloured, cubical erystals, melting and decomposing at 209°: 

01548 gave 0°3438 CO, and 0:0912 H,O. C=60°56 ; H=6°55. 
C,,H,,0,N,8,2H,O requires C = 60-84 ; H =6:29 per cent. 
Brucine Benzenesulphonate, C,,H.,,0,N,,C,H,*SO,H,64H,0.—A very 
deliquescent, cream-coloured powder, sparingly soluble in alcohol or 
chloroform and insoluble in acetone, loses water at 100—105°, and 
melts at 207° : 

01215 gave 0°2319 CO, and 0:0735 H,O. C=52-:06 ; H=6°72. 
C,9H,.0,N,8,6}H,O requires C =52°02 ; H=6°73 per cent. 
Brucine p-Toluenesulphinate, C.,H,,0,N»,C,H,"SO,H.—Large, white 
ram, fairly soluble in alcohol, melting and decomposing at 
240—245° ; 

01052 gave 0:2531 CO, and 00583 H,O. C=65°61; H=6'16. 
C,,H,,0,N,8 requires C = 65°45 ; H=6°'18 per cent. 

Brucine p-Toluenesulphonate, C,,H,,0,N.,0,;H,"SO,H,2} H,0.— 


5 P 2 


1624 UNSATURATION AND OPTICAL ACTIVITY. 


Slender leaflets, melting at 115—116°, resolidifying and undergoing 
no further visible change below 230° : 
0:1457 gave 0°3160 CO, and 0°0855 H,O. C=59:14; H=6552, 
C,,H,,0,N,8,2}H,O requires C = 58°92 ; H = 6°38 per cent. 
Brucine p-Xylene-2-sulphinate, C,,H,,0,N,,C;H,°SO,H,2H,0.—4 
white, microcrystalline powder, sparingly soluble in water, readily 
so in alcohol, melting and slightly decomposing at 223°: 
01574 gave 0°3588 CO, and 0°0942 H,O. C=62:18; H=6-65, 
C,,H,,0,N,8,2H,0 requires C = 62°00 ; H =6°67 per cent. 
Brucine p-Xylene-2-sulphonate, C,,H,,0,N.,C,H,*SO,H,2H,0.—A 
white, microcrystalline powder, sparingly soluble in water, melting at 
180° : 
0°1515 gave 0°3374 CO, and 00911 H,O. C=60°73; H=6°68, 
C,, H,,0,N,8,2H,O requires C= 60°39 ; H = 6°49 per cent. 
Brucine p-Phenetylsulphinate, C,,H,,0,N,,C,H,O-SO,H,1}H,0.— 
Very small needles, softening indefinitely at 215—220°: 


Clust 
0°1888 gave 0°4252 CO, and 0:1086 H,O, C=61-41; H=6°39. mt’ 

C,, H,,0,N,8,1}H,0 requires C= 61°28 ; H=6-43 per cent. O11 
Brueine p-Phenetylsulphonate, CygH,0,N,C,H,0°S0,H,2}H,0.— 


Compact, white tablets, melting and losing water at 116—117°, then Cin 
resolidifying and remaining unfused at 260°: An ex 
0:1096 gave 0°2339 CO, and 0°0615 H,O. C=58:20; H=624. 0-15 
C,,H,,O,N.S,2}H,0 requires C=58°02 ; H=6:40 per cent. 


Cinchonine Salts. 

Cinchonine Benzenesulphinate, C,,H,,ON,,C,H,°SO,H,C,H,0.— 
Small, white needles precipitated from alcohol by ether, sparingly 
soluble in water, melting and decomposing at 214°: 
0°1500 gave 0°3682 CO, and 0°0942 H,O. C=66:92; H=6'98. 
C,,H,,0,N,8,C,H,O requires C = 67:22 ; H=7-05 per cent. 
Cinchonine  Benzenesulphonate, C,,H,,ON,,C,H;*SO,H,6}H,0— 
White, deliquescent prisms, very soluble in water, sparingly so in 
chloroform, decomposing indefinitely at 105—110°: 
0°1180 gave 0°2291 CO, and 0:0731 H,O. C=52-94 ; H=6°88. 
C,,H,,0O,N,8,6$H,O requires C =52°72; H=7:21 per cent. 
Cinchonine p-Toluenesulphinate, C,,H,,ON,,C,;H,*SO,H,H,0.-— 
Very small prisms, sparingly soluble in cold water, melting at 198°: 
0°1043 gave 0°2565 CO, and 00641 H,O. C=67:07; H=689. 
C,,,H,,0,N,8,H,O requires C = 66°68 ; H = 684 per cent. 
Cinchonine p-Toluenesulphonate, C,,H,,ON,,C,H,*SO,H,4}H,0.— 
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Deliquescent scales, melting indefinitely at 70—75°, resolidifying 
above 100°: 


0:1816 gave 0°3808 CO, and 0:1100 H,O. C=57:19; H=6°73. 
C,,,H390,N,8,44H,0 requires C= 57:05 ; H=7:13 per cent. 
Cinchonine p-Xylene-2-sulphinate, C,,H,.ON,,C,H,*SO,H,3H,0.— 
Thin, white leaflets, sparingly soluble in water or alcohol, evolving 
yater and melting indefinitely from 115—120°: 

01948 gave 04438 CO, and 071298 H,O. C=62:12; H=7-40. 
C,,H,,0,N.8,3H,O requires C = 62°55 ; H=7°34 per cent. 
Cinchonine p-Xylene-2-sulphonate, C,,H,.ON,,C,H,O°SO,H,2}H,O.— 
long, white needles, somewhat sparingly soluble in water, melting 
and evolving water at 110°: 

01300 gave 0°2940 CO, and 0:0864 H,O. C=61°67; H=7°39. 

_ C,,H,,0,N,8,2}H,0 requires C = 61°70; H =7-05 per cent. 
Cinchonine p-Phenetylsulphinate, C,,H,,ON,,C,H,0°SO,H,C,H,O.— 
Clusters of long, slender needles, darkening at 225—230° : 

01123 gave 0°2716 CO, and 0°0711 H,O. C=65°97; H=7°04. 
C,,H,,0,N,S8,C,H,O requires C= 66:16 ; H =7:22 per cent. 
Cinchonine p-Phenetylsulphonate, C,,H,,.ON,,C,H,0°SO,H,44H,0.— 
An exceedingly deliquescent powder, moderately soluble in chloroform : 
01552 gave 0°3184 CO, and 0:0958 H,O. C=55°98; H=6°86. 
C,,H,.0;N,S,44H,0 requires C= 56:14 ; H=7:11 per cent. 


The author’s thanks are tendered to Assistant-Professor Smiles for 
much helpful criticism. 
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CLVUI.—Coprosterol. Part I. 


By Cuartes Doréte and Joun ADDYMAN GARDNER. 


ly 1862 Austen Flint, jun., in the course of an investigation in which 
ie attempted to show that cholesterol is a product of the metabolism 
of nervous tissue which is excreted through the bile, isolated from 
tuman feces a cholesterol-like substance to which he gave the name 
of stercorine, This, under the name of coprosterol, was again 
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described in 1896 by Bondzynski (Ber., 1896, 29, 476), and was 
carefully examined by Bondzynski and Humnicki (Zeitsch. physiol, 
Chem., 1896, 22, 396). They showed that it was an alcohol, yielding 
characteristic derivatives ; that it was saturated towards bromine, and 
that it gave the cholesterol colour reactions in a modified form. Asa 
result of their analyses, they assigned to it the formula C,,H,.0, and 
regarded it as a dihydrocholesterol formed by bacterial reduction jn 
the intestines. This view was supperted by their observation that 
cholesterol given by the mouth appeared in the faces as coprosterol, 
That coprosterol is produced by a bacterial action in the gut was 
rendered still more probable by the work of Miiller (Zeitsch. physiol, 
Chem., 1900, 29, 129), who found that on a prolonged milk diet, in the 
course of which putrefactive changes in the intestine are reduced toa 
minimum, cholesterol only was excreted in the feces and no coprosterol, 
Our own observations (Pvoc, Roy. Soc., 1908, 80, B, 212, 228) have 
made it clear that neither cholesterol nor a derived product is -ever 
found in the feces of herbivorous animals, unless administered as such, 
in which case it is passed unchanged. In the case of carnivorous 
animals, such as the dog and the cat, we found that the feces normally 
contain small quantities of cholesterol, but that on a diet of raw brain, 
which contains some 2} per cent. of its weight of cholesterol, this 
substance is entirely converted during its passage through the intestine 
into coprosterol. This discovery enables us to obtain pure coprosterol 
in considerable quantity. Thus in fourteen days a dog consumed 
2 kilos. of brain and produced 17 grams of coprosterol. The output 
of the human subject on normal diet is very small, in our experience 
rarely amounting to more than 0°25 gram per day, and it is accom- 
panied by a red, unsaponifiable oil, which makes its purification very 
difficult. _ Bondzynski and Humnicki made numerous attempts to 
convert cholesterol into coprosterol in vitro by the action of various 
bacteria, but without success. Our own series of experiments, using 
B. coli communis, also led to negative results. 

The physiological importance of these substances, and the explana- 
tion that had been given of their relationship, has led to various 
attempts being made to settle the question by studying the reduction 
of cholesterol by chemical means. The unsaturated linking of 
cholesterol is, however, not readily reduced by the ordinary agents. 
In 1904 C. Neuberg (Salkowski, Festschrift, 1904, 279) stated that, 
by the action of sodium in boiling amyl-alcoholic solution, he had 
succeeded in reducing cholesterol, and that among the products 
of the action he had found coprosterol. He had, in fact, obtained 
a saturated alcohol apparently of the formula C,;H,.0, melting 
between 124° and 126°. The difference between this melting point 
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and the 95° attributed to natural coprosterol, he explained by the 
statement that Bondzynski’s product was not a single substance. 
By repeated crystallisation of a sample from human feces, Neuberg 
was able to raise the melting point to 99—100°, and suggested 
that by suitable purification it would be possible to raise the melting 
point still further, until it approached that of his artificial product. 
We can confirm the fact that the melting point of coprosterol is 
99—100° (loc. cit.), but we were unable after elaborate crystallisation 
to raise it above this, and, when coprosterol was regenerated from 
highly purified esters, its melting point remained unaltered. The action 
of sodium and amy] alcohol on cholesterol was again examined in 1906 
by Diels and Abderhalden (Ber., 1906, 39, 884), who obtained a 
crystalline compound which sintered at 118° and melted at 124—126°, 
and characterised it as a saturated secondary alcohol of the formula 
(,,H,,0. This substance they named a-cholestanol, and considered 
it to be dihydrocholesterol. 

On the other hand, Windaus (Zer., 1907, 40, 2637) obtained the 
same compound by the action of sodium amyloxide, and therefore gave 
it as his opinion that a-cholestanol was not a reduction product, but 
was produced by the linking up of the unsaturated side-chain of 
cholesterol with the formation of a new ring in a manner analogous 
to that of the condensation of the olefinic terpenes to cyclic terpenes, 
and proposed to call it cyclocholesterol. 

In the paper referred to above, Diels and Abderhalden also showed 
that cholestenone, on treatment with sodium in amyl-alcoholic solution, 
was reduced to a saturated secondary alcohol of the formula C,,H,,0, 
which was not identical with that obtained from cholesterol. This 
B-cholestanol, as it was called, melts at 143°, and gives a ketone 
melting at 129°. That this substance is the normal dihydrocholesterol 
has recently been clearly shown by R. Willstiitter, who obtained it in 
a practically quantitative yield by the reduction of cholesterol in 
ethereal solution with hydrogen in the presence of platinum-black 
(Ber., 1908, 41, 2199). 

This observation makes the hypothesis of Windaus as to the 
relationship of cholesterol and a-cholestanol a very probable one, 
more especially as Diels and Linn (Zer., 1908, 41, 554) have proved 
that the two compounds are not geometrical isomerides, since two 
different cholestanes can be obtained from them. The same authors 
have, however, shown that sodium amyloxide can act as a reducing 
agent, since cholestenone under its influence gives a-cholestanol, so 
that apparently reduction and condensation in this case take place 
simultaneously, These relationships may be summarised in the 
following scheme : 
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4 
J Cholesterol Cholestenone 


| al my %, 
Na+amyl alcohol Sodium amyloxide Hydrogen Na+amy] aleohol 
~~ ee 7 
” \ 
A Fa 


a-Cholestanol B-Cholestanol 


Diels and Linn further showed (Ber., 1908, 41, 260) that when 
cholesterol is heated to 300° in the presence of a trace of iron salt, 
cholestenone is produced, together with an isomeride of cholesterol, 
which they called 8-cholesterol. This yields a dibromide and esters 
identical with those of cholesterol itself. It was also obtained by 
the reduction of cholestenone with sodium and ethyl alcohol, so that 
this reagent does not appear to act on the unsaturated linking of 
cholestenone. -Cholesterol, when heated with sodium and amyl 
alcohol, however, gives a-cholestanol. 

It will be apparent from these results that no derivative resembling 
coprosterol has so far been obtained from cholesterol by the action of 
the reducing or isomerising agents hitherto tried. It seemed to us, 
therefore, desirable to attack the problem from the other side, and to 
study the action of oxidising agents, and also of sodium amyloxide, on 
natural coprosterol in order to ascertain whether any of the products 
so obtained were identical with those formed from cholesterol. We 
find that coprosterol is readily oxidised on treatment with the 
theoretical quantity of chromic acid, with the production of the 
corresponding ketone, coprostanone. Under the influence of sodium 
amyloxide, coprosterol is converted into an isomeric substance, which 
we name for the present y-coprosterol. The esters of this compound 
are different from those of coprosterol, but on oxidation with chromic 
acid it yields the same ketone, coprostanone. 


EXPERIMENTAL, 
Coprostanone. 

Ten grams of coprosterol were dissolved in 70 c.c. of glacial acetic react: 
acid, and a solution of 2°8 grams of chromic anhydride in a little copro 
dilute acetic acid poured in. On standing in the cold, the liquid soon calcul 
became bluish-grey in colour, and, on warming to 50°, rapidly turned acetic 
green. The oxidation was finished by heating for an hour on the shake 
water-bath. The solution, after cooling, was diluted somewhat with copio 
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water, Which precipitated the ketone as a sticky solid. This was 
rmoved by extraction with ether, the ethereal solution being washed 
ith water and alkali, dried, and allowed to evaporate. The white 
slid obtained was somewhat soluble in the usual solvents, but by 
dissolving it in a mixture of acetone (1 part) and alcohol (3 parts), 
andallowing it to evaporate at the ordinary temperature, it crystallised 
yell, The yield of pure product was 60 per cent. 

Coprostanone crystallises in beautiful glistening leaves, and, under 
the microscope, appears in the form of very thin plates, generally 
quare, With one or all of the corners slightly truncated. It melts at 
(263° to a clear liquid. When treated with a solution of bromine 
in carbon disulphide, it rapidly absorbs bromine. This unexpected 
result is similar to one observed by Willstitter and Mayer (Ber., 1908, 
41, 2199), who found that the ketone obtained from the saturated 
§cholestanol by simple oxidation likewise absorbed bromine. For 
walysis, the body was dried in a vacuum : 


02319 gave 0°7132 CO, and 0°2478 H,O. C=83°87; H=11°86. 
C,,H,,0 requires C = 85°94; H=11-92 per cent, 


Coprostanone semicarbazone.—One gram of the ketone dissolved in 
alcohol was mixed with a solution of 0°3 gram of semicarbazide 
hydrochloride in water and 0:22 gram of sodium acetate in alcohol. 
The clear solution soon became full of white clots, and was allowed to 
stand for three days, when the organic matter was precipitated by the 
addition of water. The white powder obtained was insoluble in ether 
and light petroleum, and was boiled out with these solvents. From 
benzene, it separated in masses, but was not apparently crystalline. 
It was purified by solution in benzene and precipitation by light 
petroleum. On slow heating, it shrinks at 187°, melts at 192°, and 
decomposes above 195°, For analysis, it was dried at 100° and in a 
vacuum : 


01802 gave 0°5002 CO, and 0:1854 H,O. C=75:'70; H=11°43. 
01805 ,, 05041 CO, ,, 01814 H,0O. C=76:16; H=11°'16. 
01825 ,, CO, ,, 01843 H,O. C= ——; H=11-00. 
01978 ,, 156 ce. N, (moist) at 16° and 759 mm. N=9'19. 
CU,.H,-ON, requires C=76'11 ; H=10°73 ; N=9°54 per cent. 


Phenylhydrazine compound.—With phenylhydrazine, the ketone 
reacts readily, but gives an abnormal derivative. Two grams of 
coprostanone were dissolved in 40 c.c. of glacial acetic acid, and the 
aleulated quantity of the base (freshly distilled), dissolved in strong 
ucetic acid, added to the solution. The liquid was warmed at 40° and 
‘taken for fifteen minutes, when the action suddenly set in and a 
copious, yellow precipitate was formed. After some time, this was 
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collected, washed with dilute acetic acid and water, and dried. Yield, 
about 50 per cent. bei 
The substance is almost insoluble in absolute alcohol and light 
petroleum, which were used to remove colour. The very pale ochre. 
coloured residue was then dissolved in a little warm benzene, and the 
solution mixed with an excess of alcohol. On cooling, small, white, 
glancing crystals were formed, which had a needle-like appearance, but 
under the microscope were seen to consist of very long, rectangular of fi 
plates. These melt to a red liquid at 192° without apparent de. 
composition. For analysis, the substance was dried at 100° and ina 
vacuum : 
0°1595 gave 0°5080 CO, and 0°1557 H,O. C=86°86; H=10-86, 
01599 ,, 05057 CO, ,, 01524 H,O. C=86:25; H=10-59, 
00934 ,, 02973 CO, ,, 0°0952 H,O. C=86°81 ; H=11°32, dext 
01587 ,, 05034 CO, ,, 0°1555 H,O. C=8651; H=10°88, 
02213 ,, 6:15 cc. N, (moist) at 18° and 763 mm. N=3-22, 
01772 , STeac N, ™ » 19° , 760mm. N=3-70, 
The normal phenylhydrazone, C,,H,,*N,H-°C,H,, requires C =83-19; 
H=10'93; N=5°88 per cent. A substance of the formula 
C,,H,,C:N-C,H, would require C=85:'9; H=11:0; N=3:1, but we 
are not at present able to throw any light on the composition of this 
compound. It may be mentioned that it is also formed, although ina 
poor yield, by boiling the ketone with phenylhydrazine. 
Coprostanoneoxime.—One gram of the ketone in 15 c.c. of absolute 
aleohol was mixed with a warm solution of 0°5 gram of hydroxylamine 
hydrochloride in dilute alcohol, and 0°5 gram of sodium hydroxide, in 
a little water, added. After boiling for two hours, the cooled liquid 
was poured into water, when the oxime separated as a white powder, 
which was collected and dried at a low temperature. It was readily 
soluble in all solvents except ethyl and methyl alcohol, and could not 
be made to crystallise. It was therefore repeatedly extracted with 
warm methyl alcohol, and dried in a vacuum, when it became brittle 
and easily powdered. On heating, it softened at 69° and melted at 
71°, decomposing at 80°. For analysis, it was dried in a vacuum: 
0°1770 gave 0°5208 CO, and 0:1880 H,O. C=80°25; H=11%l. 
0:2365 ,, 7°7 c.c. N, (moist) at 18° and 768mm, N=3'8l. 
C,,H,,ON requires C=80°70; H=11'72; N=3:50 per cent. 
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The Action of Sodium Amyloxide on Coprosterol. Be 
w-Coprosterol.—Twenty grams of sodium were dissolved in 400 c-. Gard 


of boiling amyl alcohol, 20 grams of coprosterol added, and the dle 
mixture boiled for eight hours. The liquid was then cautious!) 
treated with water, the amyl alcohol layer removed, and washed with residy 
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ater and dilute acid. The alcohol was then distilled off in steam, 
being removed as completely as possible, and the horny mass remaining 
in the flask was collected and dried. The solid was crystallised first from 
acetone, Which removes oily matter, and then from dilute or absolute 
alcohol. Yield, 60 per cent. : 

y-Coprosterol crystallises from dilute ethyl or methyl alcohol in long, 
pointed needles which form prickly clusters, and from acetone in masses 
of fine, felted needles. It is readily soluble in ethyl acetate, benzene, 
or chloroform, and moderately so in light petroleum, from which it was 
fnally purified, as coprosterol is very soluble in this solvent. A 
sample was crystallised three times each from alcohol, acetone, and 
light petroleum. It softened at 115—116° and melted at 119°. It 
was saturated towards bromine in carbon disulphide solution, and was 
dextrorotatory : 

0:84 gram, made up to 25 c.c. with chloroform, gave a+2°12° in a 
2-dem. tube, hence [a]}) + 31°55°. 

On analysis, after drying at 100° and in a vacuum : 

01588 gave 0°4842 CO, and 0:1688 H,O. C=83:12; H=12°51. 
11829 ,, 05605 CO, ,, 0:2023 H,O. C=83:58; H=12°29. 
C,,H,,0 requires C = 83°51 ; H =12°36 per cent. 

It gave the cholesterol colour reactions in a modified way. Whena 
chloroform solution was mixed with an equal bulk of concentrated 
sulphuric acid, the upper layer alone became pale yellow. When a 
saturated solution in cold acetic anhydride was mixed with concentrated 
sulphuric acid, a brown ring appeared, and the upper layer of liquid 
became first blue and then green, whilst in half a minute the whole 
mass of the liquid became brown. 

The secondary alcoholic nature was shown by the preparation of the 
following derivatives : 

-Coprosterol Acetate.—The substance was boiled for twenty minutes 
with acetic anhydride, and the liquid poured into water. The acetate 
is very soluble in most solvents, but readily crystallises from absolute 
alcohol in minute, nodular, or prism-shaped crystals, which are hard and 
gritty and melt at 83—84°. On analysis : 


01711 gave 05066 CO, and 0:1805 H,O. C=80°'71; H=11°66. 
01564 ,, 0:-4629C0O, ,, 01642 H,O. C=80:72; H=11°67. 
C,,H,.0, requires C = 80°93 ; H = 11°63 per cent. 
V-Coprosterol Benzoate.—This ester is not formed by the use of 
pyridine and benzoyl chloride as in the case of coprosterol (Dorée and 
Gardner, Joc. cit.). One gram of the substance was mixed with 3 c.c. 
of benzoyl chloride, and heated at 150° for two hours. After some 
time, the benzoyl chloride was distilled off in a vacuum. The oily 
esidue was very difficult to crystallise. It was extracted several 
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times with methyl alcohol, dissolved in ether, and mixed with alcohol. differet 

Clear oil drops were then deposited, which soon solidified to masses wlikel 

of needle-like plates, melting at 85—86°. It is very soluble in acetone cholest 

é benzene, or light petroleum. On analysis : under | 
:. 0-1681 gave 0°5098 CO, and 01629 H,O. C=8271; H=10-76, fy aul 
C,,H,.0, requires C = 82-93 ; H=10°58 per cent. wlve b 


Both the acetate and benzoate of y-coprosterol are saturated 
towards bromine. 

Oxidation to a Ketone.—When treated with the theoretical amount 
of chromic acid in glacial acetic acid solution, y-coprosterol was readily 
attacked. The product proved to be a ketone identical in every Par 
respect with coprostanone. The crystalline form and melting point 
were the same, and it readily absorbed bromine. The semicarbazone 
and the phenylhydrazine compound were prepared, and in melting 
point and other properties were in complete agreement with the 
corresponding derivatives of coprostanone. The phenylhydrazine com- 
pound, on analysis, gave the following figures : 

0°1237 gave 0°3936 CO, and 071255 H,O. C=86°78; H=11:27. 

01255 ,, 3°95 cc. N, (moist) at 21° and 768mm. N=377. 

The isomerism of coprosterol and y-coprosterol would therefore seem 
to be due to the position of the hydroxy] group with regard to the ring 
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plane. — 
Conclusions. the be 

1. The formation of coprostanone shows that coprosterol, like action 
cholesterol, is a secondary alcohol, and our analyses do not disagree toluen 
with the formula C,,H,,O assigned to it by Bondzynski and group, 
Humnicki; but neither coprosterol nor its derivatives correspond methy 
with any of the products obtained by the action of reducing or possibl 
isomerising agents on cholesterol, as will appear from the following as firs 
table : Elektre 


Acetate. Benzoate. Ketone. p-nitre 
Alcohol, C,-H,0. M. p. m. p. m. Pp. m. Pp. by alt 
a-Cholestanol........ ... 126° = 129 119 it 
6-Cholestanol............ 143 110° — 129 Pairs 


Coprosterol ......... ++. 100 88 122 63 also 0 
y-Coprosterol ............ 119 84 85 63 benzal 
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far 
Owing 
contin 
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so that the relationship of the two substances still remains uncertain. 

2. The above results show that coprosterol is not formed from 
cholesterol by a simple addition of hydrogen to the double linking, as 
previously supposed. 

3. Whether coprosterol is a reduction product of cholesterol which 
has simultaneously undergone structural change or whether it is 4 
saturated isomeride of that compound cannot be definitely stated, as 
the combustion method does not enable us to decide between small 
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jiferences in the number of hydrogen atoms. We do not consider it 
wlikely that coprosterol may have a lower carbon content than 
cholesterol, and may be produced by the elimination of a carbon atom 
uder bacterial influence. The analytical figures agree in most cases 
qually well with a C,, ora C,, formula. This question we hope to 
slve by a study of the oxidation products of coprosterol, 


The expenses of this investigation were covered by a grant from the 
Government Grant Committee of the Royal Society, for which we wish 
to take this opportunity of expressing our thanks. 
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(LIX.—Oaidation of Hydrocarbons of the Benzene 
Serres. Part II, Substances containing a 
Negative Radicle. 

By Hersert Drake Law anp Frepertck Motiwo Perkin. 


Ix continuation of our work on the oxidation of hydrocarbons of 
the benzene series (Trans., 1907, 91, 258), we have now stadied the 
action of chromyl dichloride on the nitrotoluenes and the chloro- 
toluenes, substances which, owing to the presence of a negative 
group, are difficult to oxidise. With most oxidising agents the 
methyl group is converted into the carboxyl group, and it is not 
possible to isolate the alcohol or aldehyde, which should be formed 
as first products. By means of electrolytic oxidation, Elbs (Zeitsch. 
Elektrochem., 1896, 2, 522) has prepared p-nitrobenzyl alcohol from 
paitrotoluene, whilst Labhardt and Zschoche (ibid., 1902, 8, 93), 
by altering the conditions, obtained a mixture of the alcohol and 
p-nitrobenzaldehyde. Pierron (Bull. Soc. chim., 1901, [iii], 25, 852) 
also oxidised o-nitrotoluene electrolytically, and obtained o0-nitro- 
benzaldehyde, but the yield was extremely poor. We have ourselves 
found it possible to oxidise. o-nitrotoluene electrolytically, but the 
yield of the aldehyde is very meagre, never exceeding 4 per cent. of 
the o-nitrotoluene taken. Our method was to suspend the nitrotoluene 
ina solution of phosphoric acid and sodium phosphate, and by means 
of a rotating platinum anode to keep it in the form of an emulsion. 
Owing to the poor yield, however, we did not consider it worth while 
continuing the work. Etard (Ann. Chim. Phys., 1881, [v], 22, 218), 
0 oxidising the nitrotoluenes with chromyl dichloride, states that 
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he obtained nitrotoluquinone. He appears, however, not to have 
employed the pure nitro-compounds, but the mixture of o- and 
p-nitrotoluene obtained by nitrating commercial toluene. The fact 
that he started with a mixed product would not, of course, affect the 
formation of the nitrotoluquinone, supposing this to be produced, 
But as a matter of fact we find that, working with the pure products, 
nitrotoluquinone is not produced, but that with p- and m-nitrotoluene 
good yields of the corresponding aldehydes are obtained. With 
o-nitrotoluene the aldehyde is not formed, but a mixture of chlorinated 
compounds is produced. Etard gives the melting point of the substance 
which he identified as nitrotoluquinone as 237°, and describes 
number of reactions which he carried out to prove that this substance 
was a quinone. As a matter of fact, the substance isolated by Etard 
was p-nitrobenzoic acid, which is produced by the oxidation of the 
aldehyde first formed. The melting point of the acid is 238°, and it is 
colourless when pure, whereas quinones are always highly coloured. 
It is rather remarkable that o-nitrotoluene, which is such a useful 
starting point for the preparation of indigo, is so extremely difficult 
to oxidise to the aldehyde. This difficulty of oxidation is evidently 
due to the close proximity of the nitro-group to the methyl group. 

The chlorotoluenes behave normally, and in each case good yields of 
the corresponding aldehydes have been obtained. 

The action of chromy] dichloride on benzene, naphthalene, anthracene, 
phenanthrene, fluorene, diphenylmethane, and triphenylmethane has 
also been studied. The first five substances all react vigorously, but 
only traces of the quinones were obtained, the bulk of the products 
consisting of an uninviting substance having no definite melting 
point, which was insoluble in alkalis and acids and almost insoluble in 
organic solvents. 

Diphenylmethane gave a theoretical yield of benzophenone, and 
triphenylmethane of triphenylearbinol. 

The action between chromyl] dichloride and hydrocarbons of the 
benzene series containing a negative group is very much slower than 
with the unsubstituted hydrocarbons. The reaction is accelerated by 
warming, but generally this was not found advisable, as when this is 
done there is always a tendency for the reaction to get beyond 
control. 
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EXPERIMENTAL, 


m-Vitrotoluene.—One hundred grams of m-nitrotoluene were mixed 
with five times its bulk of well-dried carbon tetrachloride, divided 
into three equal portions, and contained in three flasks of about one 
litre capacity. The calculated quantity of chromy] dichloride dissolved 
in twice its volume of carbon tetrachloride was then added to each flask. 
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The flasks were closed with corks through which tubes containing 
oda-lime or calcium chloride were passed. The mixtures were now 
allowed to stand for four weeks, with occasional shaking. At the end 
of this time, the brown powder which had separated was filtered by the 
aid of the pump, using an ordinary filter paper, which we find is not 
attacked by the chromyl dichloride, at any rate when the latter is 
dissolved in carbon tetrachloride. The product was well washed with 
carbon tetrachloride until the washings were no longer coloured. The 
drained product, which, however, still contained a considerable 
quantity of carbon tetrachloride, was transferred to a beaker and 
decomposed with a slight excess of a solution of sodium hydrogen 
sulphite in order to reduce the liberated chromic acid, which would 
otherwise oxidise a part of the aldehyde. After decomposition, 
the product was distilled with steam, when a mixture of carbon 
tetrachloride, unchanged nitrotoluene, and m-nitrobenzaldehyde was 
obtained. Usually sufficient carbon tetrachloride remains in the 
filtered product to extract all of the other substances from the aqueous 
istillate, but should this not be the case, an extra quantity is after- 
wards added. The carbon tetrachloride extract was dried over calcium 
chlcride, and, after distilling off the solvent, the mixture was fraction- 
ated. By this means, 50 grams of unchanged nitrotoluene were re- 
covered and 41 grams of aldehyde obtained, that is, 41 per cent. 
From the residue left after steam distillation, 8 grams of m-nitro- 
benzoic acid were obtained, the melting point of which was 141°. 

The aldehyde was identified by its melting point, 58°, and the 
uelting point of its hydrazone, 122° (this is generally given as 121°). 
A small quantity was also converted into m-nitrobenzoic acid, the 
melting point of which was found to be 141°. The semicarbazones 
of these aldehydes appear not to have been prepared before. m-Nitro- 
benzaldehyde semicarbazone is pale yellow, and is sparingly soluble in 
most organic solvents. After crystallisation from a large quantity of 
glacial acetic acid, it melted and decomposed at 236°. Analysis gave: 


N=27:29, 26°75. 
C,H,O,N, requires N = 26°95 per cent. 


p-Vitrotoluene.—T wo portions of 50 grams each were dissolved in five 
times their volumes of carbon tetrachloride and treated with the 
calculated quantity of chromyl dichloride. After standing, the pro- 
ducts were worked up as already described for m-nitrotoluene, and 
60 grams of the aldehyde (that is, 60 per cent.), also 2 grams of 
fhitrobenzoic acid, were obtained. 

The melting point of the aldehyde was found to be 107°, that of the 
Puitrobenzoic acid prepared by oxidising the aldehyde, 238°, and the 
tydrazone melted at 154°. p-Nitrotoluene semicarbazone, a pale yellow 
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substance, after recrystallisation from glacial acetic acid, melted and 
decomposed at 208°. It is less soluble in acetic acid than the 
m-compound, but more soluble in amyl alcohol. Analysis gave: 
N = 27°08. glist 
C,H,O,N, requires N = 26°95 per cent. 

o-Nitrotolwene, treated in a similar manner to the above, yielded a 
quantity of a brown precipitate, which appeared similar to that pro- 
duced with p- and m-nitrotoluenes. On working it up, however, the with 
oil obtained was found not to be the aldehyde, but to consist of 
chlorinated nitro-compounds of no fixed boiling point, which, on 
distillation, attacked the eyes severely, so that we have not studied it 
further. 
Chlorotoluenes. were 


The chlorotoluenes were prepared from the corresponding toluidines 
by means of Sandmeyer’s reaction, and purified by redistillation before 
use. When the chromyl dichloride is first added to the chlorotoluenes, 
the reaction is apt to be very vigorous, and on several occasions when 
the mixture was not kept sufficiently cool by standing the flask 
containing it in a basin through which cold water was circulated, the 
reaction took place with explosive violence. At the same time, although 
the reaction is apt to be vigorous at the commencement, it is as well Th 
to leave the products in contact for about two weeks in order to carbo 
obtain a good yield of the aldehyde. and r 

o-Chlorotoluene.—From 150 grams of the toluene, which were divided dissol 
into four portions, 66 grams of unchanged substance were recovered being 
and 77 grams of the aldehyde were obtained, that is, 51:5 per cent. added 
The aldehyde was identified by converting it into o-chlorobenzoic acid, Was ¢ 
the melting point of which was found to be 137°. chlori 

p-Chlorotoluene.—From 150 grams of the toluene, 46 grams of much 
unchanged substance were recovered and 92 grams of aldehyde were black 
obtained : yield 61:5 per cent. The melting point of the acid prepared to ste 
from the aldehyde was 239°. Un e 

m-Chlorotoluene.—From 110 grams of the toluene, 49 grams of the theore 
aldehyde (44°5 per cent.) were obtained. The corresponding acid 
melted at 153°. As the semicarbazones of these aldehydes do not 
appear to have previously been described, we have therefore prepared 
and analysed them. 

o-Chlorotoluene semicarbazone separates from pyridine in white, 
glistening plates, melting at 225—226°. Analysis gave: 

Cl=18°01. 
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C,H,ON,Cl requires Cl= 17-95 per cent. 
v-Chlorotoluene semicarbazone crystallises from pyridine in white, 
glistening plates, melting at 230°. Analysis gave: 
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Cl=18-00. 

C,H,ON,Cl requires Cl= 17°95 per cent. 
m-Chlorotoluene semicarbazone crystallises from pyridine in white, 
glistening plates, melting at 228°. Analysis gave : 

Cl= 17°89. 

C,H,ON,Cl requires Cl = 17-95 per cent. 

All the semicarbazones are practically insoluble in organic solvents 
with the exception of pyridine and glacial acetic acid. 


Phenanthrene, Anthracene, Naphthalene, and Fluorene. 


Black powders were obtained from these hydrocarbons when they 
were respectively dissolved in carbon tetrachloride and treated with 
chromyl dichloride. On decomposing the chromyl compounds with 
vater, uninviting products, practically insoluble in all solvents, were 
produced. Although in the case where anthracene was oxidised there 
was no difficulty in obtaining the anthranol reaction, we were not 
successful in isolating the quinones. 


Diphenylmethane. 


Thirty grams of diphenylmethane were dissolved in 300 c.c. of 
carbon tetrachloride, placed in a glass vessel surrounded with water, 
and rather more than the calculated quantity of chromyl dichloride 
dissolved in 200 ¢.c. of carbon tetrachloride slowly run in, the mixture 
being vigorously agitated. When all the chromy! dichloride had been 
added, the product was allowed to stand overnight. A black mass 
was obtained, which was collected and washed with carbon tetra- 
chloride by the aid of the pump until the filtrate was colourless. As 
much as possible of the tetrachloride was removed by pressing. The 
black cake was then decomposed with water, and the product subjected 
to steam distillation to remove the remaining carbon tetrachloride. 
Un cooling, benzophenone (m. p. 68°) crystallised out in practically 
theoretical amount. 


Triphenyl methane. 


Fifty grams of triphenylmethane were dissolved in 400 c.c. of 
carbon tetrachloride, and treated with slightly more than the 
calculated quantity of chromyl] dichloride in exactly the same way as 
diphenylmethane. On working up the black product, an almost 
theoretical yield of triphenylearbinol (m. p. 160°) was obtained. 

It should be mentioned that most of the chromy] dichloride products 
are almost black when moist with carbon tetrachloride, chloroform, &c., 
but if these are expelled at a gentle heat, a very soft, pale brownish- 
coloured powder is obtained. When decomposing them with water, or, 
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as was generally done, with sulphurous acid, the solid should only be 
added in small quantities at a time. If large quantities are added 
at one time, the particles are inclined to adhere together, and cop. 
siderable quantities of resinous products are frequently obtained. 

The action of chromyl dichloride on hydrocarbons of the aliphatic 
series is now being investigated. 
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Change in a Gas. (The Thermal Decomposition 1 
of Ozone.) * 
By Hersert Epmunp CLarke and Davin Lronarp CHaApmay. oi 
7 a 
JupGinG.by the published experience of those chemists who have made shal 
a special study of chemical changes in gases during recent years, and 
particularly since Victor Meyer investigated the conditions of the 
union of hydrogen and oxygen, we should doubtless be compelled to p be 
conclude that slow pyrogenic changes in gases have their seat of action 
In 


principally, if not entirely, on the walls of the enclosing vessels, and 
that any attempt to measure the velocity of change within a gas itself to be 
would be unsuccessful, owing to the impossibility of estimating the 
precise effect of surface. 

A moment’s consideration, however, will make it clear that if we 
could be certain that only a small fraction of the total chemical 


change were confined to the gas not in the neighbourhood of the walls oul 
of the containing vessel, then the effect of surface might be almost ns de 


entirely eliminated by increasing the size of the vessel until the ratio given 
of its internal surface to its volume became very small. The only of th 


difficulty in the way of measuring the velocity of a homogeneous 
chemical change in the gas would then be the practical one attending 


the use of a vessel the dimensions of which were large enough for tle Oxy 
purpose. passed 
In the present communication, we shall show that, as a matter of then 4 
fact, the influence of surface on the rate of thermal decomposition to the 
- y r . , r . i] been I 
Compare E. Warburg (Sitzungsber. K. Akad. Wiss. Berlin, 1901, 48, 11°) ; 
also E. P. Perman and R. H. Greaves (Proc. Roy. Soc., 1908, A, 80, 353). It oy 
neither of the above papers is the special point dealt with in the present com the 02 
munication adequately discussed or investigated, the attention of the authors acid, a 


The 


having been directed towards other objects. 
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of ozone at 100° in a glass vessel becomes negligible when the vessel 
is increased in size to quite moderate and convenient proportions. 
Our results for the rate of decomposition of ozone under these 
conditions are therefore the first recorded examples of measurements 
of the velocity of a strictly homogeneous change in the gaseous 
state. 
If a gas of given composition undergoes slow chemical change 
in a vessel of volume V and area 4A, the rate of change may be 
expressed approximately by 
KV + kA, 
where A is a constant depending on the composition of the gas, 
and & is another constant depending both on the composition of 
the gas and the nature of the surface. 
The rate of change per unit volume will be 
te, 

} 
and if the action is accompanied by alteration of pressure, we 
shall have 
kA 


op 
y’ 


ér 


p being the pressure at a time 7. 


o A+ 


, ’ ae 
In our experiments, two vessels, of which the ratios 7 Were known 


to be very different, were filled with the same sample of ozonised 
oxygen, and heated side by side in a bath of boiling water. The rate 
of increase of pressure was in all cases about the same in each vessel 


proving that the term ak depending on the nature of the surface, 


could be neglected, and that the rate of decomposition could be taken 
as directly proportional to A, a constant the value of which at any 
given temperature and pressure is determined solely by the composition 
of the gas. 


EXPERIMENTAL. 


Oxygen, prepared by heating potassium permanganate, was first 
passed in a slow stream through aqueous potassium hydroxide, and 
then dried with concentrated sulphuric acid. The gas was submitted 
to the action of the silent discharge in a glass ozoniser, all air having 
been previously swept out of this part of the apparatus by a current 
of oxygen. To ensure uniformity of composition, the gas issuing from 
the ozoniser was collected in a large globe over concentrated sulphuric 
acid, and allowed to stand some time before being used. 

The method adopted for filling the vessels with ozonised oxygen and 
5 Q2 
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for measuring the changes of pressure in each will be understood by 
reference to Fig. 1. , 

The bath contains water, which is raised to the boiling point before 
the filling of the apparatus is started, and maintained at the same 
temperature while the pressure measurements are being made, the 
level of the water in the bath being kept constant. 

Ozonised oxygen is forced, under pressure, from the globe in which 
it has been collected into the tube x. The gas then divides into two 
streams, and, passing the opened taps m and n, reaches the immersed 
vessels A and B by the capillary tubes 0 and p. The displaced air 
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passes along d and e, and finally escapes through the sulphuric acid 
contained in the reservoir D, the tap g being open. 

When all the air has been swept out of the apparatus, the capillaries 
o and p are sealed off at the constrictions a and £, and immediately 
afterwards the pressure of the air above the sulphuric acid in Ds 
increased by blowing through the tube s, so as to drive sulphuric acid 
into the manometer capillary tubes d, e, and f. A convenient portiou 
of the scale having been chosen, the positions of the sulphuric acid The fa 
k, 1, h, in the tubes are carefully recorded. 

The capillary tube f communicates directly with a large globe, (; 
contained in the bath of boiling water, and, since this tube has 8 
volume very small in comparison with that of the globe, any movemet! 
of the sulphuric acid in it cannot appreciably alter the pressure of the 
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air enclosed in the globe. The perpendicular distance between h and k 

js therefore a direct measurement, in terms of a column of sulphuric 
Fic. 2. 

Vessels I and II,—(AV'/A’V=2'24). 
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acid, of the difference of pressure in ( and A. In measuring the 
variation in this difference of pressure at known intervals during 


Fic. 3. 
Vessels I and II,—(AV’/A'V=2'24). 
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The fact that the curves in Figs. 2 and 3 (the records of the results of two successive 
experiments with the same vessels) are similar, indicates that the rate of 
decomposition of the ozone is independent of the length of time that the 


surface of the glass vessels used has been heated in contact with the de- 
composing gas. 


the progress of the decomposition, the sulphuric acid is always brought 
to the same point, k, so as to keep the volume of gas in A constant. 
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The readings then furnish a series of numbers from which the rate of 


increase of pressure in A can be deduced. 


Fic. 4. 
Vessels II and III.—(AV']A'V=2°11). 


| : a ae 
" = a oe - 
% yo} | — —j+—} + +} 
= | 
= 10F - : —_—— _ = 
ot 
Sg ee a eee 
e 6} — ——$—} —____}__ 
= | | 
& 
—— + en one 
| 
| | 
05 10 15 20 2:5 80 35 40 45 50 55 6°0 
Time in hours. 
Fie. 5. 
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In the same way the increase of pressure in B can be found. 
° . . e . 9 
The curves obtained by plotting the readings are shown in Figs. 
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to 8. For convenience in reference, the points corresponding to the 
increments of pressure in the larger vessel are indicated by circles, and 
those corresponding to the increments in the other by crosses. The 


Fic. 6. 
Vessels III and IV.—( AV’) A’V=6°'71). 
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abscissee are the times in hours counting from the first reading, 
and the ordinates are the increments of pressure in centimetres of 
sulphuric acid. 

Fic. 7. 


Vessels II and V.—(AV"/A'V=3'92). 
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If reference be made to these diagrams, it will be seen that the 
pressures in both vessels increase at the same rate, although the value 


— , 
of the ratio y for one vessel varies in the different experiments 
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between twice and seven times that of the same ratio for the 
other. 

We shall not discuss the question of the order of the reaction until 
the influence on its rate of gaseous impurities, such as nitrogen and 
aqueous vapour, has been quantitatively investigated. 


Dimensions of Vessels Used. 


In the experiments, five different German-glass vessels have been 
used, the dimensions of which are given in the following tables : 


Vv. A, AV, 
No. Form. C.¢. sq. ems, ems~}, 
Bi cucnemniboacees Cylinder 138°5 216°8 1°56 
 Shaanee sie i 30-0 1046 3°49 
SEA adnves Secensace 99 130°5 216°2 1°65 
, Speen Sphere 161°5 143°4 0°89 
Fig. 8. 
Vessels II and V.—( AV’/A'V=3'92). 
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electre 
A and V are the internal surface and volume respectively. Vessel other 
No. [V was a cylinder 28 ems. long, enclosing a shorter concentric 482) 
cylinder of less radius, closed at both ends, and 26-2 cms. in length. and es 
The volume and surface dimensions of this vessel are given below, J, the mi 
and A, being respectively the internal volume and area of the outer bromo 
cylinder, and V, and A, the external volume and area of the inner cell, y 
cylinder. The ratio of the total surface in contact with the gas to the diethy 
. , A,+A contail 
volume of the gas is therefore given by 7, — V, dithioe 
A,+4y dilaety 
No. Form. V;. re Aj. Ay. V; id Vs have | 
C.c. C.c. sq. cms, sq. CMs. cms’. diethy 
Iv Cylinder within 4 , by ¢ 
i eons cylinder 128°5 93°5 2124 1755 1198 y Oi 
: ; . t + the pared, 
If in an experiment the ratios of internal surfaces to volumes 10 The 
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two vessels be y and yp the expression Ay gives the number of times 
the surface per unit volume of the first vessel is greater than that of 
the second. 


' . I is ok 
With each curve the corresponding value of the ratio Aip '8 siven. 
The results demonstrate that under suitable conditions the 
decomposition of ozone is practically a homogeneous change. 


We desire to offer our best thanks to Mr. Underhill, of this College, 
for his kindly assistance in the later stages of the work. 
Sin LEOLINE JENKINS LABORATORIES, 
JESUS COLLEGE, 
OXFORD. 


CLXI1.—The Preparation of Disulphides. Part IV. 
Esters of Dithiodiglycollic and Dithiodilactylic 
Acids. 


By THomas Siater Price and Dougitas Frank Twiss. 
y 


ly our first paper (Trans., 1907, 91, 2021) we have shown that 
libenzyl disulphide is readily obtained by submitting sodium benzyl 
thiosulphate, or the mixture resulting from the interaction of benzyl 
chloride and sodium thiosulphate in aqueous alcoholic solution, to 
electrolytic reduction in a divided cell. It has already been shown by 
other workers (compare Slator, Trans., 1904, 85, 1286; 1905, 87, 
482) that the monohalogen substituted derivatives of the fatty acids 
and esters readily react with sodium thiosulphate, and, on submitting 
the mixture obtained by the action of sodium thiosulphate on ethyl 
tromoacetate to electrolysis in the cathode compartment of a divided 
ll, we found that a heavy oil separated, which proved to be the 
liethyl ester of dithiodiglycollic acid. The present communication 
contains an account of the preparation of dimethyl and diethyl 
lithiodiglycollates, and of the diethyl esters of a-dithio- and B-dithio- 
lilaetylic acids. Although the acids corresponding with these esters 
have been known for some time, the esters, with the exception of 
diety] dithiodiglycollate, which was obtained in an impure condition 
ty Claesson (Ber, 1881, 14, 411), do not seem to have been pre- 
pared, 

The methods which have hitherto been used for the preparation of 
VOL. XCIII. 5 R 
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these dithio-acids have generally consisted in the oxidation of the 
corresponding thio-acids (mercaptan acids) by means of iodine oy 
ferric chloride, thus : 
HS-CH,"CO,H -—> S,(CH,°CO,H),. 
The thio-acids may be prepared from the halogen substituted acids by 
the action of (a) potassium hydrosulphide, (5) potassium xanthate, and 
decomposition of the resulting compound by ammonia. The first 
method is very simple, but unless special precautions are taken it js 
difficult to obtain a pure product. For example, when potassium 
chloroacetate is acted on by potassium hydrogen sulphide, not only is 
thioglycollic acid produced, but also some thiodiglycollic acid, because 
of the weak acidic properties of the *SH group in the thioglycollic acid: 
HS-CH,-CO,K + KHS = KS-CH,:CO,K + HS. 
KS-CH,*CO,K + CH,Cl-CO,K = (CH,°CO,K),S + KCl. one § 
Klason and Carlson (Ber., 1906, 39, 732) have shown, however, that 
in dilute solution the yield of thioglycollic acid is practically quantita. 
tive, since under such conditions the salt, KS*CH,°CO,K, cannot exist, 
being completely hydrolysed to HS:CH,°CO,K. 
The second method has found extended application in the hands of 
Holmberg (J. pr. Chem., 1905, [ii], 71, 264; 1907, 75, 169) and 
Biilmann (Annalen, 1905, 339, 351; 1906, 348, 120). To take a 
particular example, the product of the reaction between potassiun. 
chloroacetate and potassium xanthate is potassium xanthylacetate : 
C,H,*O°CS-SK + CH,Cl-CO,K = C,H,-O0-CS-S-CH,°CO,K + KCL. 
The corresponding acid is then dissolved in excess of ammonia, and 
the solution gently warmed. On cooling, xanthamide crystallises out, 
and thioglycollic acid may be obtained from the filtrate by the 
addition of sulphuric acid and extraction with ether : 
C,H,*O-CS:S:CH,"CO,.H+2NH,= 
C,H,*O-CS-NH, + HS:CH,°C0,"NH,. 
It will be seen from the above that the first method often gives 
an impure product, and that the second method is somewhat com 
plicated ; moreover,*the dithio-acid has still to be obtained from the 
mercaptan acid. that of 
Comparatively recently, Friedliinder and Chwala (Monaish., 1907, # (Frerict 
28, 247) have shown that dithiodiglycollic acid may be obtainel J with th 
readily by the direct action of a mixture of sodium sulphide and J glycolla, 
sulphur, in such proportions as to give the disulphide Na,S,, 0 That 
sodium chloroacetate. 
As already indicated, our method of preparation of the esters of paper (le 
these dithio-acids is as follows, taking diethyl dithiodiglycollate as lytic: re, 
example. A mixture of ethyl bromoacetate with a slight excess of dibenzy] 
sodium thiosulphate in aqueous alcoholic solution is heated on the 
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water-bath until the pungent odour of the bromoacetate has «dis- 
appeared. To the cold solution a slight excess of potassium hydrogen 
carbonate is added, and the mixture transferred to the cathode com- 
partment of a divided cell, the anolyte consisting of a solution of 
sodium carbonate. A rotating platinum cathode, such as is used in 
rapid electro-analysis, or similar to the rotating electrode described in 
F. Mollwo Perkin’s Practical Methods of Electrochemistry, p. 198, is 
employed, and the theoretical amount of current passed through the 
apparatus. Very soon after the current has been started, the 
catholyte becomes cloudy, owing to separation of the ester. At the 
end of the electrolysis, the ester is extracted by ether, and the ethereal 
lution well washed with water and dried ; the ether is evaporated, 
and the residual ester purified by distillation under reduced pressure, 
one such distillation being sufficient : 


CO,Et-‘CH,Br => ©0,Et-CH,"S,0,Na. 


200,Bt-CH,*S-SO’,+2H  —> 
CO, Et-CH,*S*S:CH,-CO,Et + 2HS80',, 


The yield of crude ester generally obtained is from 60 to 70 per 
cent.; it is not advisable to pass more than the theoretical current, 
otherwise an appreciable amount of the ester is hydrolysed by the 
alkaline catholyte, and a decreased yield results. The object of 
using bicarbonate in preference to carbonate in the cathode liquid is to 
prevent the formation of free caustic alkali to any extent. The presence 
of free caustic alkali would be detrimental in two ways: it would 
hydrolyse some of the ester, and it would further decompose some of 
the salt resulting from such hydrolysis. It is because of this decom- 
position that dithio-acids and esters cannot be prepared by the action 
of caustic alkali on the corresponding thiosulphate derivatives, as is 
the case with dibenzyl disulphide, &c. (Trans., 1908, 93, 1395, 1401). 
We have not investigated the decomposition which takes place, further 
than showing that a thio-acid (mercaptan acid) is produced, which 
gives the usual colour reactions with ferric chloride, and is oxidised by 
iodine to the dithio-compound. The reaction is probably similar to 
that of sodium hydroxide on the anilide of dithiodiglycollic acid 
(Frerichs and Wildt, Annalen, 1908, 360, 105), which is decomposed 
with the formation of thio-oxanilide, sodium thioglycollate, and thio- 
glycollanilide as primary products. 

That these dithio-esters are so readily formed in the manner 
indicated is further evidence in support of the statement in our first 
paper (loc. cit.) that the formation of disulphide is due to the electro- 
Iytie reduction of the complex thiosulphate anion. The fact that 
tibenzy) disulphide can also be prepared by the action of caustic 
alkali or alkali carbonate on sodium benzyl thiosulphate (Trans., 1908, 
5 R 2 
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93, 1395) does not show that this is the reaction which really takes 
place during electrolysis, for the following reasons: (1) The experi- 


ments in which the hydrogen evolved during electrolysis was a 
measured (Trans., 1907, 91, 2021) prove that hydrogen is actually " 
used in the reduction. (2) The reaction with alkali is comparatively it 
slow, whereas the electrolytic action takes place rapidly. (3) The i 
electrolytic product is practically pure, and yields of more than 80 per : 
cent. are obtained, whereas with sodium hydroxide a very impure pro- “0 
duct is formed, and the yield is about 60 per cent. . —" 
For complete identification of the esters, the corresponding acids a 
have been prepared by hydrolysis of the esters with hydrochloric acid. the 
As already mentioned, they cannot be obtained by hydrolysis with the 
alcoholic sodium or potassium hydroxide, because of the decomposition jen 
which takes place. the 
EXPERIMENTAL, desc 
a - deco 
Diethyl dithiodiglycollate, S,(CH,*CO,*C,H,),.—A mixture of Ws rans 
grams of ethyl bromoacetate and 24 grams of sodium thiosulphate with <_ 
50 c.c. of water and 50 c.c. of alcohol (80 per cent.) was heated on the ia 
water-bath under a reflux condenser for three-quarters of an hour, after sloth 
which time the pungent odour of the bromoacetate had completely It 
disappeared. After cooling the clear solution so obtained, 75 c.c. more pr 
water and 9 grams of potassium hydrogen carbonate* were added the « 
(8-98 grams are equivalent to the ethyl bromoacetate taken), and the Pe 
resulting mixture electrolysed in the cathode compartment of a the b 
divided cell (Trans., 1907, 91, 2021), using a rotating cathode ; the ae 
anolyte was a 10 per cent. solution of sodium carbonate, the anode an 
being a strip of platinum foil. The current which is theoretically The 
necessary is 2°41 ampere-hours, and since it is advisable to use a low lie 
current density in order to make the reaction as complete as possible, 50 ec 
and at the same time not to allow the process to proceed too long, mae 
whereby the ester is decomposed by the alkaline liquid, 0°25 ampere “in 
was passed for about three hours and 0°5 ampere for the remainder aa 
of the time ; the area of the cathode, which was of smooth platines, pean 
was 0-5 sq. dem. In order to keep the bicarbonate in excess, io oma 
more were added when the change of current was made; it was iia 
not advisable to add it all at the commencement of the electrolysis, sapere 
because it would not dissolve completely. amper 
The ester separated as a heavy oil; it was dissolved in ether, dete 
the ethereal solution well washed with water and dried ; after tter w 
evaporating off the ether, the remaining liquid was distilled we 0993 
a pressure of 14 mm., when it practically all passed over at ni 
Diethyl dithiodiglycollate is a fairly mobile liquid, heavier t aes 
* The potassium salt is preferable to the sodium salt because it is more soluble. The anon 
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water, and possessing a peculiar odour, which is not very disagreeable, 
and not at all like that which is usually associated with the liquid 
mercaptans and disulphides. Claesson (Ber., 1881, 14, 411), who had 
previously prepared this ester from the corresponding acid, describes 
it as having an unpleasant odour, and boiling at 280° under 
atmospheric pressure with partial decomposition. 

The average yield of crude ester obtained in each experiment was 
70 per cent. ; it did not vary much whether the 0°25 ampere was 
passed for two or for three and a-half hours before raising the current, 
or whether the current was first put at 0°5 ampere for some time and 
then reduced to 0°25 ampere. The yield was diminished, however, if 
the full number of ampere-hours were passed at 0°25 ampere, or if the 
current was passed for much more than the theoretical time.* During 
the electrolysis there was a slight odour evolved, which is best 
described as being similar to that of barm, and which is indicative of 
decomposition being brought about by the alkaline catholyte. In 
fact, if some of .the ester is heated with alcoholic sodium hydroxide, 
the same odour is observed, but, owing to it being more pronounced, it 
tacomes very disagreeable and clings most tenaciously to one’s 
clothing. 

It is important to wash thoroughly the ethereal solution of the 
ester ; if this is not done, the oil which remains after evaporating off 
the ether has a disagreeable odour, and on distillation some slight 
decomposition occurs, which gives the distillate a decided pink colour ; 
the boiling point remains unaffected, however, and distillation of the 
main fraction, that is, of nearly all the ester, takes place at a constant 
temperature. 

The ethyl ester was also prepared from ethyl chloroacetate. A 
mixture of 12 grams of the latter, 26 grams of sodium thiosulphate, 
0 cc. of water, and 50 e.c. of alcohol was heated for two and a-half 
hours over a small flame under reflux, since ethyl chloroacetate reacts 
much more slowly than the bromoacetate. The remainder of the 
operation was similar to that already described with ethyl bromo- 
acetate. Ten grams of potassium hydrogen carbonate (theoretical 
quantity = 9°8 grams) and 50 c.c. more water were added at the 
commencement of the electrolysis, which was continued for 2°63 
‘mpere-hours, 0°25 ampere being passed for about two hours and 0°5 
ampere for the remainder of the time; four grams more of bicarbon- 
ate were added when the current was changed. The average yield of 
ester was 70 per cent. : 

02923 gave 05718 BaSO,. S= 26°86. 

C,H,,0,8, requires S = 26°92 per cent. 

’ The same remarks with respect to yield apply also to the other esters prepared. 


The area of the cathode was, in each case, 0°5 sq. dem. 
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Dimethyl dithiodiglycollate, S,(CH,*CO,*CH,),, was prepared and 
purified in a similar manner to the diethyl ester, A mixture of 
15 grams of methyl bromoacetate, 26 grams of sodium thiosulphate, 
50 c.c. of water, and 50 c.c. of alcohol was heated for three-quarters 
of an hour on the water-bath. For the electrolysis, 10 grams 


(theoretical quantity = 9°8 grams) of potassium hydrogen carbonate and D 
50 c.c. more water were added, and the current passed for 2°63 ampere- wate 
hours, using 0°25 ampere for three hours and 0°5 ampere for the dith 
remainder of the time ; 3 grams more bicarbonate were added during 0° 
the electrolysis. The average yield of crude ester obtained was 0° 

60 per cent., which is somewhat less than that of the diethyl ester, the 
latter not being so readily attacked by the alkaline catholyte as seal 
the former. During the electrolysis the barm-like odour becomes very the | 
pronounced. hydr 
It is especially necessary to wash the ethereal solution of this ester evape 
thoroughly, otherwise, on distillation, the distillate begins to show sever 
a pink colour almost immediately, finally becoming a rich ruby-red, 01 
Even when the ethereal solution has been well washed, the last 0'1 
portions of the distillate are liable to be coloured pink. 01 
Dimethyl dithiodiglycollate is a fairly mobile liquid, heavier than ( 
water, and possessing an odour similar to that of the diethyl ester. It Alt 
distils at 154° under a pressure of 14 mm. : pop 
0:2294 gave 05047 BaSO,. S=30-21. tempe 
C,H,,0,8, requires S = 30°50 per cent. 139° ¢ 


Dithiodiglycollic acid, 8,(CH,*CO,H),, was prepared by heating the the a 


diethyl ester with hydrochloric acid under a reflux condenser until disapp 
2 homogeneous solution resulted, and then extracting the solution with the sar 
ether. The residue from the dried ethereal extract was recrystallised shows 
from a mixture of one part of ethyl acetate and nine parts of benzene; 1904, « 
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the crystals so obtained melted at 107—108° (compare Biilmanp, 
Annalen, 1905, 339, 351; Holmberg, Zeitsch. anorg. Chem., 1907, 56, 
385, who also give references to the earlier literature) : 
0-1991 required 16:00 c.c. of 0°1366 N/1 NaOH for complete 
neutralisation. Equivalent = 91°10. 

C,H,0O,8, requires equivalent = 91-08 

Diethyl a-dithiodilactylate, S,(CHMe*CO,°C,H,),, was prepared from 
ethyl a-bromopropionate. The reaction mixture consisted of 16 grams 
of ethyl a-bromopropionate, 23 grams of sodium thiosulphate, 50 ce. 
of alcohol, and 50 e.c. of water, and was heated for three-quarters of 
an hour on the water-bath. For the electrolysis, 9 grams of potassium 
hydrogen carbonate (theoretical quantity = 8°84) and 79 c.c. more 
water were added, and the current passed for 2°37 ampere-hours, usi0g 
0°25 ampere for three and a-half hours, and 0S ampere for the 
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remainder of the time ; 3 grams more bicarbonate were added at the 
end of three and a-half hours. There was very little odour noticeable 
during the electrolysis. The ester separated as a heavy oil; it was 
treated in the way already described, although in this case it was not 
so necessary to wash the ethereal solution with water. 

Diethyl a-dithiodilactylate is a fairly mobile liquid, heavier than 
water, and possessing a peculiar odour similar to that of diethyl 
dithiodiglycollate. It distils at 159° under a pressure of 14 mm, : 
0:2442 gave 0°4268 BaSO,. S= 24:00. 

02105 ,, 03713 BaSO, S= 24:22. 

C,)H,,0,8, requires S = 24:08 per cent. 
a-Dithiodilactylic acid, S,(CHMe:CO,H),, was prepared by heating 
the ester with hydrochloric acid until it had disappeared. The 
hydrolysis took place very slowly. The solution so obtained was 
evaporated to dryness on the water-bath and the residue recrystallised 
several times from water, in which the acid is fairly soluble ; 

0:1941 gave 0°4282 BaSO,. S=30°30. 

0'1948 required 13°60 c.c. of 0°1366 V/1 NaOH. Equivalent = 104°9, 
0:1976 » 13°78 cc. ,, 0°1366 V/1 NaOH. ” = 105-0, 
C,H,,0,S, requires S = 30°50 per cent., and equivalent = 105-1. 
Although the above figures show that the acid was pure, it did not 
melt sharply ; it showed signs of softening at about 117°, and, as the 
temperature was raised, the crystals clotted together, until at about 
139° they began to melt, forming a clear liquid in which crystals of 
the acid remained suspended. The last particle of solid did not 
disappear until 142°. No matter how often the acid was recrystallised, 
the same phenomena were observed. An examination of the literature 
shows that previous investigators (Mérner, Zeitsch. physiol. Chem., 
1904, 42, 353; Biilmann, Annalen, 1905, 339, 351) have obtained 
similar results, but no explanation has been given. The quantity of 
acid at our disposal at present is too small for us to investigate the 
matter fully, but we are preparing further quantities with that end 
in view.* We have found, however, that, on keeping;the acid at a 
temperature of 150—160° for several hours, the equivalent remained 
unaltered (105°3 instead of 105-1), but the melting point changed ; 
the substance then began to soften at 110°, partly melted at 119°, and 
the last particle of solid disappeared at 127°. 

Diethyl B-dithiodilactylate, S,(CH,*CH,*CO,-C,H,),, was prepared 
from ethyl B-iodopropionate, the method of procedure being exactly the 
* Soon after this paper had been submitted to the Chemical Society, an abstract 
‘ppeared of a paper by Lovén (J. pr. Chem., 1908, [ii], 78, 63) on ‘* Optically 
Active Thiolactic and Dithiodilactylic Acids.” He shows that a-dithiodilactylic acid, 
8 ordinarily prepared, is a mixture of the racemic and meso-forms; hence the 
‘towalous behaviour mentioned in_the text, 
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same as for the a-ester. The quantities of reagents taken were 149 sulph 
grams of ethyl f-iodopropionate, 17 grams of sodium thiosulphate, disul| 
50 c.c. of water, and 50 c.c. of alcohol. Seven grams of potassium made 
hydrogen carbonate and 50 c.c. of water were added for the electrolysis, and it 
and the current was passed for 1°67 ampert-hours, using 0°25 ampere states 
for three hours and 0°5 ampere for the remainder of the time. Two matte 
grams of bicarbonate were added when the current was increased, 
When the mixture was being heated on the water-bath, and also for g 
short time at the commencement of the electrolysis, there was a strong 
garlic odour. The ester separated as an oil, and was treated in the 
same way as the a-ester. 
Diethyl B-dithiodilactylate has similar physical properties to the CLX 
isomeric a-ester. It distils at 194° under a pressure of 17 mm. : 

0°2247 gave 0°3930 BaSO,. S=24-02. 

0:2182 ,, 0°2836 BaSO,. S=24:14. 
C,)H,,0,8, requires S = 24°08 per cent. 
B-Dithiodilactylie acid, S,(CH,*CH,*CO,H),, was prepared from the 
ester by hydrolysis with hydrochloric acid, as in the case of the 
a-acid. Hydrolysis took place much more rapidly than with the 
a-ester, and, on cooling, the acid crystallised out. It was recrystallised 
several times from water, and then melted at 155°, although it showed 
signs of softening at a temperature some degrees lower. The melting 
point and other properties agreed with those previously observed 
(compare Biilmann, Annalen, 1905, 339, 351): 
0°1971 required 13°65 c.c. of 0°1366 V/1 NaOH. Equivalent = 1057. 
C,H,,0,8, requires equivalent = 105°1 per cent. 
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We hope to give an account of the physical properties of the esters 
described in this paper, and also of homologous esters, in the near 
future. 


Part of the expense of the foregoing investigation was defrayed by 
a grant awarded by the Committee of the Research Fund, for which we 
wish to express our thanks. 


Addendum.—Since the publication of Part II (Trans., 1908, 93, 
1395), we have found that Bernthsen has prepared a number of organic 
thiosulphate derivatives, which, unlike those we have so far studied, 
contain the sulphur atom directly attached to the benzene nucleus; 
he has also shown that the corresponding disulphide is produced by 
the action of sodium hydroxide (Annalen, 1889,251,1). For example, 
p-aminodimethylanilinethiosulphuric acid, NMe,C,H,(NH,)*S:S0,H, 
was prepared from p-aminodimethylaniline and sodium thiosulphate 
by oxidation with potassium dichromate in the presence of aluminium 
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sulphate. On warming with dilute sodium hydroxide, the impure 
disulphide was produced. A preliminary experiment which we have 
made shows that the disulphide is also readily produced by electrolysis, 
and it is apparently uncontaminated by mercaptan, whereas Bernthsen 
states that the isolation of tke disulphide in a fairly pure state is a 
matter of great difficulty. 


MvuNICIPAL TECHNICAL SCHOOL, 
BIRMINGHAM. 


CLXU.—The Constituents of the Expressed Oil of 
Nutmeg. 
By Frepertck Beitpine Power and Artuur Henry Satway. 


Havine undertaken a complete study of the constituents of the 
nutmeg, the essential oil of which has already been investigated by us 
(Trans., 1907, 91, 2037), it was necessary to obtain somewhat more 
precise information than is at present available respecting the 
composition of the expressed oil or fat. An examination of the latter 
appeared the more important in view of the fact that the nutmeg 
is known to possess narcotic properties, and that the only known 
constituent to which it has been possible to attribute this action 
is myristicin, C,, H,,0, (3-methoxy-4 : 5-methylenedioxy-1-allylbenzene), 
which is a component of the essential oil, and therefore also contained 
in the expressed oil or fat. 

The deficiency of knowledge respecting the constituents of the 
expressed oil of nutmeg, commonly known as “ nutmeg butter,” 
is indicated by the following statement recorded in Lewkowitsch’s 
Chemical Technology and Analysis of Oils, Fats, and Waxes, Vol. IL., 
p. 718: “This fat varies considerably in its composition. It contains 
from 4 to 10 per cent. of an ethereal oil, and consists of about 45 per 
cent. of a solid fat—chiefly trimyristin—the rest being a liquid fat 
and free fatty acids.” The only further information of importance 
regarding the composition of this fat appears to be the statement that 
the liquid portion consists chiefly of olein (compare Koller, Arch. 
Pharm., 1865, 173, 286 ; Benedikt, Analyse der Fette und Wachsarten, 
{te Aufl., 1903, p- 572; C. R. Alder Wright, Fats and Vils, 2nd ed., 
1903, p. 546 ; Hefter, Technologie der Fette und Cele, 1907, Bd. IL, 
». 627). Although a genuine expressed oil of nutmeg is likely to 
vary considerably in character, it is quite probable that the statements 
‘ecorded concerning its composition are based, for the most part, 
on the examination of commercial products, which are often of 
ikeertain origin and subject to adulteration. 
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For the purpose of a complete examination of the constituents of Th 
nutmeg fat, a quantity of it was kindly expressed for us by Messrs conta 
Stafford Allen and Sons, of London, the material employed having been ato 8 
a portion of the same lot of Ceylon nutmegs as that from which and a 
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the essential oil previously examined had been distilled (Trans., 1907, The 
91, 2037). consis 

The crushed nutmegs (23°7 kilograms), after being warmed, were was ! 
subjected to a pressure of 4000 pounds per square inch, at a tempera. amou. 
ture ranging between 45° and 75°, for a period of eight hours, erysta 
and were then allowed to remain under pressure at a gradually and 


decreasing temperature for about twelve hours. The total amount of 
fat thus obtained was 6°3 kilograms, corresponding to a yieli 
of 26°6 per cent. This fat, at the ordinary temperature, was a soft, Thi 
brownish-yellow solid, possessing the characteristic odour of nutmeg. 
A portion of the same lot of nutmegs, when finely ground and 
extracted in a Soxhlet apparatus with ether, yielded 42-9 per cent, of 
fat. 

The total amount of expressed fat was liquefied by a gentle heat, 
and subsequently stirred until it solidified, in order to render it 
perfectly homogeneous. Determinations were then made of the con- 
stants of the expressed fat, of that obtained by extraction with ether, 
and of the expressed fat from which the essential oil had been 
removed, as also of the total fatty acids. The results were as follows: 
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Fat Expressed . 

extracted fat tree from Total mente 

Expressed fat. by ether. essential oil. _fatty acids. ether 1 

Melting point ......... 48° 50° 49° 49° was ol 
Density 50°/50° .:.... 0°9399 0°9337 0°9443 , Howi 

Acid value...... PTR 11°2 12°9 140 218°3 alow 
Saponification value.. 174°6 180°5 199°6 — which 
lodine value ............ 57°8 45°7 35°7 23°1 ethyl] 


glisten 
0°16 
0°10 


An observation by Lewkowitsch (Joc. cit., p. 719), that the iodine 
value of nutmeg fat is not appreciably altered by the removal of the 
essential oil, cannot be confirmed by the above figures. 


Separation of the Essential Oil and Trimyristin. 
The 


A quantity (2000 grams) of the expressed fat was heated ima - 
our 


current of steam until the essential oil had been removed as completely 
as possible. The aqueous distillate, which contained a quantity of oil, 
had a faintly acid reaction. It was extracted twice with ether, the 
ethereal liquid being washed with a little water, dried with anhydrous 
sodium sulphate, and the ether removed. About 250 grams of 


The 
phytost 


OF THE EXPRESSED OIL OF NUTMEG. 1655 


essential oil were obtained, thus representing 12:5 per cent. of the 
weight of nutmeg fat employed. The essential oil had the following 
characters: D3) 0°8794 ; ay + 22°30’ in a 1-dem. tube. 

The aqueous distillate, which had been extracted with ether, still 
contained a very small amount of volatile acid, which, after conversion 
into a barium salt, was found to consist chiefly of a mixture of formic 
and acetic acids. 

The contents of the distillation flask, after being allowed to cool, 
consisted of a solid cake of fat, together with some water. The fat 
was removed and dissolved in hot alcohol, when, on cooling, a large 
amount of a crystalline solid separated. This was purified by several 
crystallisations from hot alcohol, after which it was quite colourless, 
and melted at 54—55°: 

0'1453 gave 0'°3962 CO, and 0:1588 H,O. C=74:4; H=12°1. 
C,H,(C,,H,,0,)3 requires C= 74-8 ; H=11°9 per cent. 

This substance was thus identified as trimyristin. 


Hydrolysis of the Fatty Oil. 


The alcoholic mother liquors from the trimyristin were united and 
heated for an hour on a water-bath with an excess of potassium 
hydroxide. The greater part of the alcohol was then removed, water 
added, and the alkaline mixture repeatedly extracted with ether. 


Unsaponifiable Constituents of the Oil. 


The ethereal liquids, obtained by the extraction of the above- 

mentioned alkaline mixture, were combined, washed, dried, and the 

ether removed, when a quantity (170 grams) of a thick, yellow liquid 

was obtained. On dissolving this in warm 70 per cent. alcohol, and 

allowing the solution to stand, a small amount of solid was deposited, 

which was removed, and subsequently crystallised from a mixture of 

ethyl acetate and alcohol. It was thus obtained in colourless, 

glistening leaflets, melting at 134—135°: 

01679, when dried at 105°, lost 0°0094 H,O. H,O=5°6. 

01090 gave 0°3304 CO, and 0°1180 H,O. C=82°'7; H=12°0. 
C,,H,,0,H,O requires H,O=5°8 per cent. 

C,)H,,0 requires C = 82°8 ; H=11°7 per cent. 

The composition of this substance, together with its characteristic 

colour reactions, established its identity as a phytosterol. 


Isolation of a New Substance, C,.H,,0.. 


the alcoholic solution of unsaponifiable material, from which the 
phytosterol had been separated as above described, was freed from 
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alcohol, and the residual product fractionally distilled under 15 mm, hydriod 
pressure. After several distillations, the following fractions were ative of 
collected : 140—170° (27 grams) ; 170—200° (25 grams) ; 200—a¢¢p nitric 2 
(5 grams) ; 260—270° (16 grams) ; 270—280° (55 grams). When ¢ 

The lowest boiling fraction was a limpid liquid, and contained q lisable 
considerable proportion of myristicin, which was identified by means As i 
of its bromo-derivative (m. p. 128—129°). The fraction boiling at CigH oo! 
270—280°/15 mm. was the largest in amount, and possessed the most kindly 
constant boiling point. At the ordinary temperature, it was Physiol 
yellow, transparent, extremely viscid liquid, which showed no ten- that wl 


dency to crystallise, even on long standing. Two different prepara. tively, 
tions of this substance were analysed, with the following results: 


I. 0°2523 gave 0°6274 CO, and 0°1546 H,O. C=67°8; H=6'8. 


01145 ,, 028540, ,, 00732 H,O. C=68-0; H=71, The 
01380 ,, 034520, ,, 00902 H,O. C=68-2; H=73, sbove- 
IT. 01902 ,, -0°-4736 CO, ,, 01173 H,O. C=67-9; H=69, acid a1 
0:2006 ,, 05015 CO, ,, 01258 H,O. C=68-2; H=70, with tl 


Mean C=68:0; H=7-0. fatty : 
C,,H,,0, requires C= 68:0 ; H=7'2 per cent. M.W.=194. wit et 
C,,H..0; = C=67'9; H=6°9 ~ M.W. =318. resin 
CxH,,0, .  C=684;H=70 __,, M.W. = 456. solvent 


The molecular weight of the substance was determined by the The 


cryoscopic method in benzene solution : dried, | 
0°1889 in 21°73 of benzene gave At-0:150°. M.W.= 290. the for 
04205 ,, 21:73, » At—0°337°. M.W. =287. were d 
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From a consideration of these results, it would appear probable 
that the substance possesses the formula C,,.H,,O,, and this conclusion 
is supported by a determination of its iodine value: 

0°2235 absorbed 0°1707 iodine. I=76-4. 

C,.H,,0,, with one ethylenic linking, requires I = 79°9 per cent. 

As the above-described constituent of nutmeg fat is quite dissimilar 
in character to any substance of the formula C,,H,,0,; which has 
hitherto been recorded, it may be regarded as a new compound. 

The substance, C,,H,,0,, is very readily soluble in all the usual . 
organic solvents, except light petroleum, which dissolves it but Fra 
sparingly, and it is also soluble in 70 per cent. alcohol. It contains gama 
neither hydroxyl nor carbonyl groups, since acetic anhydride, hydroxyl- rae 
amine, and semicarbazide have no action on it. The substance con- identi 
tains, however, at least two methoxyl groups, but an accurate togeth 
quantitative determination of the latter was not possible owing to poe 
the continued slow evolution of alkyl iodide, even after several hours’ enh 
heating with hydriodic acid. This behaviour is probably to be attri- ‘tee 
buted to a dioxymethylene group which is only slowly attacked by 
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pydriodic acid. Attempts were made to prepare a crystalline deriv- 
ative of the substance by acting on it in the cold with bromine and 
nitric acid respectively, but only amorphous products were obtained. 
When oxidised with alkaline permanganate, it yielded only uncrystal- 
lisable substances of a resinous nature. 

As it was thought possible that the above-described substance, 
(isH».0;, might possess some definite physiological action, it was 
kindly tested for us by Dr. H. H. Dale, Director of the Wellcome 
Physiological Research Laboratories. It was ascertained, however, 
that when administered to cats, in doses of 0°5 and 1 gram respec- 
tively, no obvious effects were produced. 


The Fatty Acids. 


The alkaline, aqueous solution of potassium salts, resulting from the 
above-described hydrolysis of the fatty oil, was acidified with sulphuric 
acid and distilled with steam. No acid was found in the distillate 
with the exception of a very small quantity of myristic acid. The 
fatty acids remaining in the distillation flask were then extracted 
witn ether, when a quantity (about 30 grams) of an insoluble, black 
resin separated. This was collected and extracted with various 
solvents, but nothing crystalline could be obtained from it. 

The above-mentioned ethereal solution was subsequently washed, 
dried, and the ether removed, when the fatty acids were obtained in 
the form of a solid cake. These acids, when dissolved in chloroform, 
were devoid of optical activity. They were distilled under diminished 
pressure, and the following fractions collected : 205—220°; 220—245°; 
above 245°/20 mm. ; a small amount of undistillable resin remaining 
in the flask. 

Fraction 205—220°/20 mm.—This formed a solid mass, and 
amounted to 310 grams. After crystallisation from alcohol, a pro- 
duct was obtained, which melted at 53—54°, and was found to consist 
of myristic acid : 

01125 gave 0°3027 CO, and 0:1257 H,O. C=734; H=124. 
C,,H,,O0, requires C=73'7 ; H=12°3 per cent. 

Fraction 220—245°/20 mm.—This fraction amounted to about 100 
grams, and became partly solid on cooling. The solid portion was 
separated by filtration, and, after crystallisation from alcohol, was 
identified as myristic acid. The liquid portion of this fraction, 
together with the alcoholic mother liquors from the preceding one, was 
neutralised with potassium hydroxide, and treated with an alcoholic 
solution of lead acetate. The precipitated lead salt was washed with 
water, digested with ether, and the filtered ethereal liquid shaken with 
dilute hydrochloric acid. The ethereal liquid was then separated from 
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the lead chloride, washed with water, dried, and the ether removed, ge 
when about 50 grams of unsaturated acids were obtained. On distij. 
ling this product, it was found that the greater portion boiled between 


220° and 230° under a pressure of 10 mm. : 


0°2030 gave 0°5633 CO, and 0:2039 H,O. C=75°7; H=11-. 
0-2246 absorbed 0°2674 iodine. Iodine value=119°1. The 
03059 neutralised 9°3 c.c. V/10 KOH. Neutralisation value = 170-5, has sh 
C,,H,,0, requires C=76°6 ; H=12-1 per cent. Iodine value = 90+] . 

Neutralisation value = 199. 


Thi 


The analysis and constants of this product indicated it to be q 
mixture containing some acid of a higher degree of unsaturation thay 
oleic acid. In order to ascertain more definitely the character of its 
constituents, a portion (11 grams) was oxidised in alkaline solution 
with 1000 c.c. of a 1 per cent. solution of potassium permanganate in 
the cold. The pure white oxidation product was collected and digested 
with much ether, which extracted a considerable amount of a crystal- 
line solid. This was recrystallised from alcohol, when it was obtained 
in glistening lamine, melting at 128—129° : 

0°1218 gave 03041 CO, and 0°1298 H,O. C=681; H=11'8. 


00999 ,, 02497 CO, ,, 01044 H,O. C=68:2; H=11%. 
C,,H,,0, requires C= 684 ; H=11°4 per cent. 
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This substance was evidently dihydroxystearic acid, and its forma- 
tion proved the presence of oleic acid in the original mixture. 

In addition to the above-mentioned product of oxidation, a very 
small quantity of a crystalline acid was isolated, which melted at 
200—205°. This was doubtless linusic acid (a hexahydroxystearic 
acid), which is stated to melt at 203°, and its formation indicated the CLXI 
presence of linolenic acid in the oil. As no sativic acid (tetrahydroxy- 
stearic acid) could be isolated from the product of oxidation, it may 
be concluded that linolic acid is not a constituent of the oil, and that 
the unsaturated acids of nutmeg fat therefore consist chiefly of oleic 
acid with a small amount of linolenic acid. The presence of the Tar t 
latter is, furthermore, confirmed by the iodine value of the original (Trans 
mixture of liquid acids. by the 

Fraction above 245°/20 mm.—This fraction was small in amount, 
and consisted of a thick, glutinous, brown oil. On treating it with 
cold alcohol, it partly solidified. The solid substance was collected 
and crystallised several times from ethyl acetate, when it appeared 
quite homogeneous and melted at 74—75° : 


0°0599 gave 0°1717 CO, and 00712 H,O, C=782; H=13%. 
C,,H,.O, requires C=78°8 ; H =13°0 per cent. 


The 
tadicle 
benzim 


— : n ED 


SYNTHESIS WITH PHENOL DERIVATIVES, ETC. 1659 


01145 neutralised 2°8 c.c. V/10 KOH. Neutralisation value = 137. 
C,,H,.0, requires a neutralisation value of 142. 
This substance was undoubtedly cerotic acid. 


Summary. 


The preceding investigation of a genuine expressed oil of nutmeg 
has shown its composition to be approximately as follows : 


Essential oi) ................. pentndantucen sancennee 12°5 per cent. 
IIE, dacs pacer Acsiesicny sts anion ies van Ge 73°0 + 

Oleic acid, as glyceride ........... .......0000 3°0 oF 
Linolenic acid, as glyceride..................... 0°5 * 

Formic, acetic, and cerotic acids ............ (very small amounts) 
Unsaponifiable constitnents .. ................. 8°5 per cent. 
I NII asicnces sisted cancacserscidacnses 2°0 


99°5 per cent. 


The unsaponifiable constituents consisted of a new compound, 
(,,H,.0, (amounting to about 5 per cent. of the expressed oil), 
together with some myristicin, C,,H,,0,, and a very small amount of 
a phytosterol, C,,H,,0 (m. p. 134—135°). Although the myristicin 
isavonstituent of the essential oil, it was not practicable to effect 
its complete removal by the preliminary treatment of the fat with 
steam. 


Tuk WriLtcomME CHEMICAL RESEARCH LABORATORIES, 
Lonpon, E.C, 


ULXIL.—Syntheses with Phenol Derivatives containing 
a Mobile Nitro-group. Part I. The Interaction of 
2:3:5-Trinitro-4-acetylaminophenol and Amines. 
By RapuaeL Metpora, F.R.S., and James Gorpon Hay. 


Tur trinitroacetylaminophenol described by one of us in 1906 
(Trans., 89, 1935) was shown to possess the constitution expressed 


by the formula: 
OH 


/Nno, 
No,| Xo 
NH-CO:-CH, 
The 3-nitro-group in this compound (marked *) is the mobile 
tadicle, as is proved by the readiness with which derivatives of 
benziminazole are formed by the interaction of the trinitro-com- 
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DERI 
pound and primary amines. Taking advantage of this property, 
the investigation has been extended with a view to throwing 
further light on the mechanism of catenation* and iminazole ring 
formation. The first question that naturally arose at the outset 
of the work was whether the extreme mobility of the nitro-group 
is determined by the presence of the acetylamino-group in the 
ortho-position with respect to the amine residue which enters the 
nucleus in place of the 3-nitro-group. This crucial point was 
studied, in the first place, by investigating the reactivity of the 
trinitro-compound towards secondary amines, such as dimethyl. 
amine. It has been found that with such secondary amines con- 
densation quite readily takes place with the formation of deriy- 
atives of the corresponding dialkylanilines. Since in these cases no 
iminazole formation is possible, it is concluded that the tendency to 
“ anhydridise,”’ caused by the presence of the ortho-acetylamino- 
group, has no direct influence on the mobility of the 3-nitro. 
group. Whether any action at all is exerted by the radicle repre. 
sented in the present series of iminazoles by the 2-methyl group 
could be determined by comparing the rate of formation of imin- 
azoles from the same set of amines with acyl derivatives of trinitro- 
aminophenol containing other radicles in the place of acetyl. The 
isolation of the 2:3:5-trinitro-4-aminophenol described by us ina 
recent paper (Trans., 1907, 91, 1477) should enable the necessary 
comparison to be made, provided that a satisfactory method can 
be devised for following the course of the reaction quantitatively. 
We hope to be able to extend the research in this direction. 
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The Mechanism of Formation of Iminazoles. 


The production of an iminazole by the interaction of trinitro- 
acetylaminophenol and a primary amine is obviously the result of 
two processes ; first, ordinary catenation between the phenolic and 
aminic residues after the removal of the nitro-group ; and, secondly, 
the anhydridisation resulting from the interaction of the ortho- 
substituents. The synthesis is expressed by the scheme: 


NO,C-O-NO, HHN-R NO,-C-O-NCR ing resu 
* uN HCONG - Hz0 ‘ C 
°C-NH-CO-CH, “—y7 OOo trom alc 


been rey 
The intermediate compound is thus a derivative of a substituted 00815 


diphenylamine or analogous secondary arylamine, a view which i 


The dj 
supported by the evidence adduced in the former paper, that, in the — 
certain cases, the intermediate secondary amine is sufficiently stable in ae 

Ulm 
* This term is proposed as a convenient expression for ‘chain formation N=17-38 
(Verkettung).—R. M. iminazole 
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to be capable of isolation, and can then be converted into the 
minazole by dehydration (Trans., 1906, 89, 1940, 1941). From 
this point of view the action of amines on the trinitro-compound 
at the ordinary temperature acquires special importance, and sys- 
tematic experiments will be undertaken in connexion with this 
part of the subject. That interaction occurs under these conditions 
js shown by the following experiment, in which aniline was used 
as the amine. 

Four grams of the trinitro-compound were dissolved in 60 c.c. 
of alcohol, and to this solution aniline in the proportion of three 
nolecules to one of the trinitro-compound was added. The solu- 
tion, which becomes pulpy at first owing to the separation of the 
orange crystals of the aniline salt, was kept cooled in a vessel of 
water, and the contents of the flask were briskly agitated from time 
to time. In about four and a-half hours the crystals of the aniline 
salt had disappeared, and the clear solution was then acidified with 
bydrochlorie acid, diluted with water, and the precipitate collected 
and washed. In order to separate the dinitrohydroxydiphenylamine 
and iminazole from the other products of the reaction, the washed 
precipitate was extracted with cold dilute sodium hydroxide, 
filtered, and the phenolic compounds recovered from the alkaline 
filtrate by precipitation with acid. The product thus obtained 
proved to be a mixture having, after crystallisation from alcohol, 
a melting point ranging from about 160° to 167°. Attempts to 
separate this mixture by crystallisation or by extraction with cold 
solvents were unsuccessful. By crystallisation from alcohol, the 
phenyliminazole (m. p. 188°) was finally isolated, but until some 
satisfactory method has been devised for determining the actual 
composition of the mixture it is impossible to state how much of 
the iminazole is present in the original product, and how much 
results from anhydridisation during the process of crystallisation. 
That the product of the interaction of aniline and the trinitro- 
compound in alcoholic solution at the ordinary temperature is a 
mixture is shown by microscopic examination, which reveals the 
presence of two kinds of crystals, and also by analysis, the follow- 
ing result having been obtained from a crop of crystals deposited 
from alcohol after the first crop of crystals of the iminazole had 
deen removed : 

V'0815 gave 12 c.c. N, (moist) at 18° and 769°3 mm. N=17°24. 


The diphenylamine derivative, C,,H,,O,N,, requires N=16'88; 
the iminazole, C,,H,,O;N,, requires N=17°87 per cent. A mixture 
2 equimolecular proportions of the two compounds requires 
N=17'38 per cent. The mixed product is converted into the 
lmunazole by the action of heat; after determining the melting 
VOL. XCIII, 5 s 
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point, the compound solidified, and then fused again at 186° & the 
Anhydridisation is best effected by boiling a solution of the sodium spec 
salt for about fifteen minutes. If excess of sodium hydroxide jg on t 
present, large, orange crystals of the sodium salt of the iminazole & to ci 
separate out as the solution cools. vail 
The nitro-group in all these decompositions is eliminated in the J cover 
form of nitrous acid, and the secondary products are accordingly whicl 
such as might be expected to arise from the action of this acid on we m 
the free amine present in the solution. wv B 
the n 


a = : , ; reacti 
The Mobility of the Nitro-group in Relation to the Constitution teint 
of the Trinitro-compound. the 


The extreme mobility of the 3-nitro-group, which is well shown 9 Fabril 
by the foregoing experiment, suggests that this group is attached J the a1 
to the nucleus in some different way from the other groups. We @ stitute 
prefer for the present to indicate this property by a dotted line @ tnitr 
showing the “ bond,” as in the foregoing scheme. There is, however, @ ¥ orth 
another mode of representation, which, in view of recent develop- J «id ra 
ments in the theory of the constitution of nitro-compounds, appears 
worthy of consideration, although we are at present unable ‘0 
adduce any direct evidence in its support. The mobile nitro-group, 
being adjacent to the acetylamino-group, admits of ‘‘‘sonitro- 
tautomerism (I and II): 


OH OH O 
/\no, =. na \yo, (NOH 
NOx JNO; NO,\ NOH NO, YX 
NH-CO-CH, N-CO-CH, NH-CO-CH, 
(L.) (II.) (IIL) 


Some support is given to this view by the fact that trinitro 
acetylaminophenol in the solid condition is pale yellow, whilst its 
aqueous solution is orange and its salts are a deep orange-red. But 
any conclusion concerning the mode of attachment of the mobile 
nitro-group, based on evidence furnished by colour, is weakened 
by the circumstance that the 2-nitro-group is also susceptible of 
“jsonitro-” formulation, as shown above (III). Formula II al 
has the disadvantage of necessitating a complicated series of add: 
tions and rearrangements in order to explain the formation of the 
secondary amine derivative, which is undoubtedly in all cases the 
first product of the reaction. 

The reactivity of the trinitro-compound may be most rationa 
regarded as an extreme case of the mobility of a negative radicle 
contained in a nucleus already highly charged with such radicles, 


ally 
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the positions of the 2-nitro- and the acetylamino-group being 
specially favourable in this case for exerting a loosening influence 
on the mobile group. Many compounds of this type are known 
to chemists, although the present case is perhaps extreme so far 
as it concerns the mobility of a nitro-group. Among recently-dis- 
covered compounds which owe their activity to a mobile radicle, and 
which therefore present an analogy to trinitroacetylaminophenol, 
ye may refer to the dichloro- and dibromo-dinitrobenzenes studied 
by Blanksma (Rec. trav. chim., 1908, 27, 42), in which one of 
the nitro-groups is also replaceable by amine residues, although the 
reactivity of these compounds appears to be less than that of our 
trinitroccompound. The chlorodinitrobenzenesulphonic acids of 
the Badische Co. (D.R.-P. 186989: Badische Anilin- und Soda- 
Fabrik) also react with amines, exchanging the chlorine atom for 
the amine residue, and so giving rise to the formation of sub- 
stituted diphenylaminesulphonic acids. In all these cases, as in 
trinitroacetylaminophenol, the mobile nitro-group, or halogen atom, 
is ortho, and, in some instances, also para, with respect to other 
aid radicles present in the nucleus. 


The Mobility of the Nitro-group in its Dynamical Aspect. 


We may point out that the reactivity of trinitroacetylamino- 
phenol promises to furnish an interesting case for study from the 
dynamical point of view, since by comparison with analogous com- 
pounds containing a mobile radicle the rate of elimination of the 
dnitrogroup, if measurable, would give important information 
concerning the actual degree of mobility of particular sets of 
radicles due to their nature and position in connexion with the 
nature and position of the other radicles present in the nucleus. 
The development of the work in this direction necessitates the dis- 
covery of some method by which the course of the reactions can be 
itllowed quantitatively, and, as this may take much time for its 
realisation, it may be useful to indicate the general line of the 
Ptoposed inquiry. To give an illustration of the kind of com- 
parison contemplated, attention may be called to picryl chloride, 
innitroanisole, and picrylmethylnitrosoamine : 


ol 0-CH, N(NO)-CH, 
x0,/ \No, NO, No, No,“ NNO, 
i. ie : 
\/ \/ \/ 
Xo, No, No, 


Inall three compounds the mobile radicle is in the same position 
th reference to the nitro-groups, and any reactions common to 
“* series, if of measurable velocity, would enable the relative 


~ 
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“ mobility’ of the substituents Cl, O-CH;, and N(NO)-CH, to be 
expressed numerically. These compounds are, in fact, well known 
to react with amines with the formation of trinitro-secondary 
amines. Picryl chloride was used by Wedekind in his studies on 
steric hindrance (Ber., 1900, 33, 426), and the interaction of picry|- 
methylnitrosoamine and amines has been studied by Bamberger and 
Miiller (ibid., 100). It is of interest to note that in this last case 
the removal of the mobile group is preceded by the formation of 
an additive compound of the nitrosoamine and the amine. The 
elimination of the nitro-group from trinitroacetylaminophenol js 
also preceded by the formation of salts, the general formula of 
which is, presumably, CsH(NO,),(NHAc)-ONH,R’ or 
C,H(NO,),(NHAc)*ON H,R’o, 
or some tautomeric form. 

With respect to trinitroanisole, we may take the present oppor. 
tunity of calling attention to the extreme reactivity of this com- 
pound towards certain amines. Thus with ammonia it forms 
picramide with such readiness that this method has for some years 
been in use in our laboratory as the most convenient process for 
preparing this substance in quantity. Trinitroanisole is readily 
prepared by the extreme nitration of anisolesulphonic acid by 
means of fuming nitric acid. On dissolving the pure trinitio 
compound in alcohol, and adding alcoholic ammonia to the warm 
solution, an energetic reaction takes place, and in a few minutes 
the solution solidifies to a pulpy mass of crystals of pure picramide. 
This reactivity of the methoxy-group between ortho-substituents 
towards amines is being further investigated (compare the 
recently-published method of replacing the hydroxyl group i 
nitrated phenols by amine residues by Ullmann and Géza Nadai, 
Ber., 1908, 41, 1870). 

In the case of trinitroacetylaminophenol, the mobility of the 
nitro-group will most probably be measurable by determining the 
velocity of formation of the iminazoles. Before applying quantita 
tive methods for this purpose, however, it was necessary to ascertait 
the special influence of the nature of the amine which is involved 
in the reaction, and an extended series of experiments has beet 
carried out for this purposes, the results of which are summarised 
in the following section. 
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The Reactivity of the Trinitro-compound in Relation to Steric 
Hindrance. 


The formation of substituted amines, secondary or tertiary, 1 
the interaction of trinitroacetylaminophenol and primary oF seco? 
ary amines may be regarded as a case of the formation of heter 
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catenic * compounds resulting from the linking of carbon and 
nitrogen atoms. From this point of view it is evident that the 
reaction might be expected to be subject to those protecting or 
retarding influences conveniently grouped in the present state of 
theoretical knowledge under the term ‘steric hindrance.” 
Such protecting influence might, in the present case, be 
exerted in various ways, all referable ultimately to the special 
nature of the amine taking part in the reaction. With primary 
alkylamines, if heterocatenic systems are subject to the same law 
as homocatenic systems, the yield of iminazole might be expected 
to be influenced by the number of atoms which would form the 
chain in the intermediate product of the reaction in accordance 
with Bischoltf’s “dynamic hypothesis.” The subject has not yet 
been investigated from this point of view, owing to practical diffi- 
culties connected with the quantitative method of determining the 
yield of iminazole, and, in fact, the longest chain at present 
synthesised is C-N-C-C, which is present in the intermediate com- 
pounds formed by the interaction of the trinitrocompound and 
ethylamine or benzylamine (see the former paper, Trans., 1906, 
89, 1935). 

In the case of secondary amines, the size (or weight) of the 
radicles attached to the nitrogen atom might also be expected to 
influence the yield or to prevent any combination taking place at 
all. The experiments in this direction have not yet been carried 
very far, as the preliminary trials showed that the combination 
was restricted to dialkylamines (dimethylamine) and piperidine. 
No combination takes place with methylaniline, benzylaniline, di- 
phenylamine, or carbazole. This result is of interest in connexion 
with the work of other investigators, as it brings out very clearly 
the relationship between the reactivity of the compound containing 
the mobile radicle and the special nature of this radicle (see pre- 
ceding section). Thus Wedekind (Joc. cit.) found that picryl 
chloride reacted to a considerable extent with methylaniline (65—70 


b , 


* The terms ‘‘homocatenic” and “‘heterocatenic” are suggested as convenient 
expressions for open-chain systems composed respectively of similar and dissimilar 
toms. They would be the analogues of the terms “ homocyclic” and ‘ hetero- 
iyelic,” now generally used for the closed-chain systems. In the present case, we 
ae really dealing with compounds of a mixed type, as one or both of the terminal 
carbon atoms form part of a ring system. No more confusion need arise, however, 
instch cases, than in those of eyelic compounds containing long ‘‘ side chains.” 
Oue objection to these terms, which will perhaps weigh heavily with many, is their 
tybrid character. Dr. P. Jacobson, with whom I have been in correspondence on 
the question, has suggested as alternatives the words ‘‘isostreptic ” and ‘‘ hetero- 
‘reptic.” The necessity for having some general terms descriptive of fundamental 
ution being recognised, it may be left open for the present which of the 
Woposed expressions shall finally be adopted.—R. M. 
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per cent. of catenation product), and that combination took place the 
also with benzylaniline. With diphenylamine and carbazole nega. me 
tive results were obtained, as we found to be the case with our the 
trinitro-compound.* It is evident from these experiments that the one 
strongly negative halogen atom is capable of overcoming “ steric of 
hindrance’”’ in cases where the mobile nitro-group fails. The to. 
extended researches of Bischoff with the esters of the bromo-fatty me 
acids (see, for summary, Stewart’s ‘‘Stereochemistry,’ p. 364, has 
et. seg.), and of Menschutkin with alkyl bromide and the bromo. this 
nitrobenzenes (Ber., 1877, 30, 2775, 2966; J. Russ. Phys. Chem, met 
Soc., 1897, 29, 444), point to the same conclusion. for 
With substituted primary arylamines the protecting influence azol 
of ortho-substituents might be expected to make itself apparent in obta 
the yield of iminazole. Numerous quantitative experiments have com} 
been carried out with the object of determining how far the each 
“jminazole condensation” could be relied on for giving con- Wed 
cordant and dependable numerical data, and it has been found sets | 
that substituted amines, containing acid radicles (halogens, nitro- 
group, hydroxyl, &c.), and the anisidines all gave satisfactory 
results. The homologues of aniline, however, did not give very Ortho 
concordant yields, and for the present purpose they may be dis Meta: 
regarded. The practical details of the quantitative method are Para : 
given in the experimental part, and the reasons for the irregularity 
of the results with the toluidines, y-cumidine, &c., are therein 
discussed. Orth 
Before submitting the quantitative results, it is necessary to Meta 
point out that in the formation of an iminazole from a substituted 7 
arylamine by our method two independent influences are con 
cerned. The first stage being a substituted diarylamine, the three 
following groupings are possible: on 
Ttho } | 
>. 4 xX Meta: | 
‘NHS ‘NHL ‘NH \X Para: 
:C on e NH « NH P-: 
:-C-NH-CO-CH, -C-NH-CO-CH, -C-NH-CO-CH, Dete 
(X=substituent. Only the carbon atoms attached to the condensing ortho-chain progres 
are taken into consideration. For the sake of simplicity, only mono-substituted that tl 
rings are represented.) shown - 
The formation of the diarylamine is governed by the usual MM the ordin 
“steric” influence. The formation of the iminazole ring might combinat 
be expected to be influenced by the mobility of the hydrogen atom ig 
marked *, this being determined by the nature and position 0 * ie 
* Our experiments are not strictly comparable with Wedekind’s from a quant Posing po 
tative point of view, as the reacting materials used by him were heated in sal "A sp 
tunie HB iminazole 


tubes, whereas the syntheses with trinitroacetylaminophenol were carried ou 
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the substituent X.* The practical effect of the greater or less 
mobility of this hydrogen atom would be to cause variations in 
the yield, due to the presence of more or less of the intermediate 
compound in the final product. In order to eliminate this source 
of error, the dried product, after being weighed, was submitted 
to a process for ensuring the complete conversion of any inter- 
mediate diarylamine into iminazole, and the correction thus given 
has been applied to each series of determinations. The details of 
this treatment are included in the description of the quantitative 
method given in the experimental part. The numbers given below 
for three sets of isomerides indicate the percentage of pure imin- 
azole obtained calculated with reference to the yield theoretically 
obtainable. The results have been corrected for non-anhydridised 
compound, and are thus strictly comparable among themselves, as 
each determination was carried out under the same conditions. 
Wedekind’s results (indicated by W) with picryl chloride and two 
sets of isomerides are also given for comparison. 


Chloroanilines. 
Ortho: (I) 87°5; (II) 87°3. Mean, 87°4. Corrected mean, 79°0. W, 86-0. 
Mera: (I) 87°35 (II) 87°38. o 87°. v »,  80°6. W, 88°9. 
Para: (I) 91°8; (II) 91°8;(III) 92. ,, 91°86. io » 88°74. W, 92°5. 
Nitroanilines. 
NS MN other as hed nee iadeincaniscarbnewshckor execs vucisanbehsaaainiainbaste a =, 
Meta: (1) 94°2; (II) 96°2. Mean, 95°2. No loss on anhydridisa- 
DUNE ca uhscnnerdsaeeebe card acddnenidabesh Uisuesvessaercesnetanteuessneutiomeashaen FW, 2 
Para: (I) 99°8; (II) 962. ,, 98-0. me i W, 80°2. 
Anisidines. 


Ortho: (I) 90-9; (II) 90°2; (III) 90°4; (IV) 90°4. Mean, 90°5. Corrected mean, 79-0. 
Meta: (I) 92°5; (II) 93°8; (III) 94°2. ss 98°6. ne > 88°5. 
Para: (I) 91-2; (II) 89°6. : es 1» 85°7. 


Determinations of yields with other sets of isomerides are in 
progress. With respect to the foregoing results, we may pvint out 
that the special influence of the ortho-substituent is very clearly 
shown in all three series. With chlorine as a substituent the order 


the ordinary pressure as described in the experimental part of this paper. When no 
combination takes place between our trinitro-compound and an amine under these 
conditions, it is safe to assume that, at higher temperatures and pressures, any 
reaction that occurred would simply be the result of the decomposition of the tri- 
utro-compound. The latter can be heated in methylaniline solution to its decom- 
posing point without the formation of any substituted phenyltolylaniline. 

‘ A special case is referred to in the experimental part in connexion with the 
iminazole from m-anisidine. 
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is the same as observed by Wedekind. With the nitroanilines, the 
special character of the mobile radicle is revealed by the negative 
result given by o-nitroaniline, as compared with the 5°3 per cent. 
obtained by Wedekind. The order of the yields with the meta. 
and para-isomerides is different from that given by picryl chloride, a 
result which may also be connected with the special character of 
the mobile radicle. With the methoxy-group as a substituent, the 
ascending order is the same as that given by picryl chloride for 
the nitro-group, namely, o-, p-, m-. The yield with o-chloroaniline 
is fairly large (79 per cent.), and it is of interest to note that when 
another ortho-substituent is present the steric hindrance is abso- 
lute, no combination taking place with 2:4: 6-trichloro- or tribromo- 
aniline. 2:4-Dinitroaniline, as might have been anticipated, also 
gave a negative result. 
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EXxPERIMENTAL. 
Method of Determining the Yield of Iminazole. 


The possibility of utilising the formation of iminazoles as a 
quantitative method was suggested by observing that these com- 
pounds were perfectly definite, phenolic in character, and very 
slightly soluble in water. In order to satisfy ourselves that the 
loss due to solubility was for the present purpose a practically 
negligible quantity, determinations of the solubility of several 
iminazoles were made by dissolving a known weight in a measured 
volume of water by means of a few drops of sodium hydroxide. 
precipitating by hydrochloric acid, and collecting on a tared filter, 
washing with a measured volume of water, and weighing the dried 
precipitate. The following are the results: 


Iminazole from aniline: 2-0018 lost 0°021 in 800 c.c. of water. 
p-toluidine: 1:8978 ,, 0°043 ,, 750 _,, 
v-cumidine: 1°8124 ,, 0°0252 ,, 750 ,, 
o-anisidine: 2°055 ,, O-017 ,, 750 ,, 


9 be] 
” 


% ” 


These may be regarded as typical iminazoles; those containing 
acid radicles in the original arylamine nucleus are less soluble. 
In the actual determinations of yield the quantity of water never 
reached 750 c.c. 

The quantitative results, selected series of which are given in the 


preceding section, are obtained by the following method. The Rss 
trinitro-compound, purified by crystallisation from acetic acid, § mew : 
accurately weighed (2 grams), and suspended in 30 c.c. of alcohol. mn 


The amine is then added in the proportion of three molecules to ont 
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of the trinitro-compound, and the contents of the flask, after being 
well mixed by agitation, heated on a water-bath for two hours. As 
none of the amines used in these determinations are volatile in 
alcohol vapour, and as the flask is provided with a reflux condenser, 
no loss is incurred. At the termination of the period of cohoba- 
tion the flask is removed from the water-bath, allowed to cool, and 
10 c.c. of concentrated hydrochloric acid added. After thorough 
agitation, 200 c.c. of water are added, and the contents of the flask 
allowed to stand for at least twelve hours. The precipitate is then 
collected, and washed with water until all soluble compounds are 
removed. At this stage the precipitate consists of a mixture of the 
iminazole and diarylamine, and the products of the action of nitrous 
acid (from the eliminated nitro-group) on the excess of amine. 
These products, according to the nature of the amine, may be 
aminoazo-compounds, diazoamino-compounds, or simply the pro- 
ducts of the action of boiling alcohol on the diazonium salts. Any 
excess of basic substances is removed in the acid filtrate. The 
iminazoles and diarylamines with which we have been dealing are 
all phenolic compounds, and are not sufficiently basic to form salts 
with the dilute acid employed, so that no loss is incurred in this way. 
In order to separate the phenolic from the non-phenolic constituents 
of the mixture, the precipitate is washed back into the flask, and 
extracted by repeated agitation with dilute alkali. After filtration. 
the iminazole, together with any intermediate product, is contained 
in the alkaline filtrate, which is always of an orange colour. The 
addition of hydrochloric acid causes the immediate precipitation 
of the product required, which is collected on a tared filter, dried, 
and weighed. 

In the foregoing method there are three possible sources of error, 
each of which has been dealt with in the course of a very large 
number of experiments with different amines: 

(1). Any trinitro-compound escaping combination through steric 
hindrance would be decomposed during the process of alkaline 
extraction, and the products, being phenolic in character, would 
be precipitated with the iminazole. This source of error we have 
satisfied ourselves to be quite negligible. A blank experiment 
carried out with 2 grams of trinitroacetylaminophenol, without the 
addition of any amine, gave no weighable quantity of precipitate on 
acidifying the alkaline extract. 

(2), Any intermediate product (diarylamine) mixed with the 
iminazole would introduce a plus error. This is not serious, as the 
precipitate finally weighed consists in all cases of the iminazole to 
4 preponderating extent. The difference in molecular weight 
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between the iminazole and the diarylamine also is not great. Thus 
the aniline iminazole differs from the corresponding diarylamine by 
only about six units. With substituted amines the difference jg 
less. 

Experiments on various methods of dehydrating the diarylamine 
so as to convert it into the iminazole have led to the conclusion 
that the conversion is most satisfactorily effected by boiling an 
aqueous solution of the sodium salt. The corrections applied in 
calculating the results given in the preceding section were obtained 
by boiling a weighed quantity of the dried mixed product in water 
with the addition of just sufficient sodium hydroxide to bring about 
solution. After boiling for an hour, the solution is allowed to 
cool, filtered, if necessary, and the iminazole precipitated by hydro- 
chloric acid, collected, dried and weighed. This method of purif- 
cation not only ensures the complete anhydridisation of the product, 
but also removes impurities due to the other source of error given 
below. We may add that heating with concentrated sulphuric 
acid or heating the dried product alone is a less satisfactory method 
of dehydrating for quantitative purposes. 

(3). Secondary products, resulting from the action of the elimin- 
ated nitro-group on the excess of amine, may pass through the 
filter with the alkaline extract, and so increase the weight of the 
final product by being precipitated with the iminazole. This is 
the most serious source of error, and is greatest in the case of the 
ortho-substituted amines, with which the yield of iminazole is least. 
We believe that the irregular results, varying in some cases as much 
as 10 per cent., given by the homologues of aniline, are mainly, if 
not entirely, due to this source. Thus, with o-toluidine and y-cumi- 
dine, the alkaline extract had generally to be passed several times 
through double filter papers before a clear solution could be 
obtained. For this reason we do not attach much weight for exact 
purposes to the determinations of yield given by these amines. 
With acid substituents, or the methoxy-group, in the aromatic 
nucleus of the amine, this source of error is much less pronounced, 
and, as shown by the numbers given, the results are fairly con- 
cordant. The alkaline method of treatment just described facili- 
tates the removal of the last trace of impurity, especially after the 
mixed product has been dried. It is for this reason that the dried 
product has been treated in all cases where numerical accuracy was 
required, instead of adopting the more direct method of boiling 
the original alkaline solution obtained by the extraction of the 
crude product. That the quantity of impurity removed is directly 
proportional to the quantity of trinitro-compound that escapes com- 
bination is shown by the following numbers, obtained by subtract- 
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ing the corrected numbers from the original yields, and which there- 
jore represent the actual loss undergone by each isomeride: 


Chloroanilines. Anisidines. 
NERS ean oat 8°4 11°5 
UN RR ens ane ea ae 6°7 5°0 
Oecd MS 3°12 4°7 


How much of this loss is to be attributed to the admixed diaryl- 
amine cannot at present be estimated, but it is certainly insignifi- 
cant as compared with the loss due to the removal of by-products. 
The new benziminazoles prepared in the course of the present 
research are described below. In order to avoid repetitions of 
names and formule, the nomenclature is throughout simplified by 
the omission of the references to the positions of the methyl, the 
two nitro-, and the hydroxyl groups, all of which are unchanged 
throughout the series, the only variable substituent being that 
attached to the 1-N atom: 


Dinitrohydrozry-1-phenylmethylbenziminazole. 


This compound, which is readily formed by the interaction of 
aniline and the trinitro-compound, has been described in the former 
paper (Trans., 1906, 89, 1939). To the statements there given 
we are now enabled to add the following. 

The substance is of remarkable stability, resisting the action of 
concentrated sulphuric acid when heated with the latter until 
decomposition begins. On the other hand, the intermediate diaryl- 
amine, when heated to a high temperature with sulphuric acid, does 
not pass into the iminazole, but gives soluble products which have 
not yet been investigated. This observation was made in the course 
of experiments on methods of anhydridisation, and led to the adop- 
tion by preference of the alkaline method. The iminazole also 
resists fusion with alkali at a high temperature, and it does not 
undergo “azo-condensation” on heating with zinc dust and alkali, 
or with alkaline glucose. On partial reduction with ammonium 
sulphide it gives only amorphous products, and on complete reduc- 
tion with tin and hydrochloric acid it yields a base of which the 
hydrochloride crystallises in stumpy needles, and which is no doubt 
the diaminoiminazole. The free base is rapidly oxidised on expo- 
sure to the air, and has not been isolated. 

The hydroxyl group in this, and, in fact, in all the iminazoles of 
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the present series, is sufficiently protected by the neighbouring 
nitro-group to resist methylation by dimethyl sulphate and alkalj, 
It benzoylates' very imperfectly by the Schotten-Baumann method, 
but the product is so readily debenzoylated that a pure compound 
could not be obtained by crystallisation. On boiling for about two 
hours with acetic anhydride, an acetyl derivative was obtained, 
which crystallised from acetic acid in dense, colourless, transparent, 
hexagonal plates, melting at 206°*: 
0°0968 gave 0°1916 CO, and 0°0359 H,O. C=53:98; H=4:12. 
0°1148 gave 15°75 c.c. Ny (moist) at 13° and 746°1 mm. N=15'88, 
C,,H,,0,N, requires C=53°9; H=3°39; N=15°76 per cent. 
The hydroxy! in this iminazole can be methylated by heating the 
silver salt with methyl iodide in alcoholic solution in the usual 
way. The methylation is, however, very imperfect, and the yield 
of methyl ether is small, owing to the protecting influence of the 
7-nitro-group. The s/ver salt is best prepared by adding a solution 
of silver nitrate to a solution of the sodium salt of the iminazole. 
It is practically insoluble in cold water, and separates as an 
ochreous, amorphous precipitate. The methyl ether crystallises 
from alcohol in pale yellow, flat needles, melting at 205°5°: 
0°0950 gave 13°7 c.c. N, (moist) at 12° and 760°6 mm. N=17'13. 
C,;H,.O;N, requires N=17‘07 per cent. 

The iminazole cannot be further nitrated by nitric acid alone, but 

a mixture of fuming nitric with concentrated sulphuric acid acts 
on the compound with the formation of a trinitro-derivative, con- 
sisting chiefly of an iminazole identical with that which can be 
directly synthesised from m-nitroaniline. The group represented 
by the 1-N atom and its attached complex thus belongs to the meta- 
orienting series. 
The yield of iminazole from aniline under the conditions described 
is 84—-91 per cent. of that theoretically obtainable. 


lising 

basify 
base, 

no do 
forma 
catené 
the in 
final 
contal 
The 
147— 
00 


Silt 
water 
004 
0°2: 


Etl 
repeat 
scales 


Dinitrohydrozy-1-o-tolylmethylhenziminazole. 


This compound was prepared from trinitroacetylaminophenol and 
o-toluidine by the general method. The product, after the usual 
treatment, was found to be very impure, many crystallisations from 
absolute alcohol being necessary before a definite compound could 
be isolated. A specimen of o-toluidine was specially purified by 
converting the purchased sample (Kahlbaum’s) into picrate, crystal- 
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* The combustion of these iminazoles is very difficult to carry out satisfactorily, scales 
owing to the copious evolution of oxides of nitrogen. As no combustion of the 
original iminazole was given in the former paper, we may state that we have found: 01 
C=53'56 ; H=3°55, the formula C,,H,,0,N, requiring C=53°5 ; H=3'18 per cent. 
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ising from alcohol until the melting point was constant (215°), 
basifying with alkali, and distilling with steam. This purified 
base, however, gave the same impure product, and there can be 
no doubt that steric hindrance by the methyl group causes the 
formation of compounds other than those resulting from direct 
catenation. These by-products are most difficult to separate from 
the iminazole. A direct determination of the loss undergone by the 
fnal product, after drying and boiling with alkali, showed that it 
contained about 8 per cent. of impurity. 
The pure iminazole crystallises in ochreous scales, melting at 
147—149°: 
00876 gave 12°75 c.c. Ng (moist) at 12° and 751°7 mm. N=17°08. 
C,;H,.0;N, requires N=17'07 per cent. 
Silver salt: an orange, microcrystalline powder, insoluble in 
water : 


00633 gave 7 c.c. N, (moist) at 13° and 746°3 mm. N=12°81. 
02397 ,, 0°0594 Ag. Ag=24°79. 

C,;H,,O;N,Ag requires N=12°87; Ag=24°83 per cent. 
Ethyl ether: prepared from the silver salt and ethyl iodide; after 
repeated crystallisation from alcohol with animal charcoal, ochreous 
scales, melting at 153°: 
0°1174 gave 15°4 c.c. Ng (moist) at 12°5° and 775°7 mm. N=15°85. 

C,,H,,O;N, requires N=15°76 per cent. 
Acetyl derivative: prepared by boiling the iminazole with acetic 
anhydride; crystallises from alcohol in brown, nodular crystals; 
melting point somewhat vague at about 139°5°: 
0°2012 gave 25°65 c.c. Ng (moist) at 9°5° and 759mm. N=15'29. 
C,,H,,O,N, requires N=15'17 per cent. 
The yield from o-toluidine is 71—-72 per cent. of that required on 
the assumption that the final product consists of iminazole. 


Dinitrohydroxzy-1\-p-toly/methylbenziminazole. 


Obtained from the trinitro-compound and p-toluidine. In this 
case, as with all the para-substituted amines, the formation of 
iminazole is more rapid than with the ortho-modification, and soon 
after the reaction has been started the crystalline deposit begins to 
separate from the hot solution. The pure compound crystallises 
irom alcohol, in which it is but sparingly soluble, in large, ochreous 
scales with a silvery lustre, and melting at 204°5°: 

01414 gave 20 c.c. N, (moist) at 12°5° and 761°6 mm. N=17-03. 

C,;H,.0O;N, requires N=17'07 per cent. 
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Ammonium salt: orange needles, very insoluble in water. in al 
Silver salt: ochreous, microscopic needles : nodul 
0°2590 gave 0°0642 Ag. Ag=24°77. depos 

C,;H,,0;N,Ag requires Ag= 24°83 per cent. previ 


+)! 
Ethyl ether: from the silver salt and ethyl iodide ; crystallises from sin 


alcohol in pale ochreous needles with a silky lustre ; melting point 
176°5°: 
00937 gave 12°15 c.c. N, (moist) at 12° and 778°9 mm. N=15'78, 
C,;H,,O;N, requires N=15°76 per cent. 

The yield of iminazole from p-toluidine averages about 87—88 per 
cent. of that required by theory. 
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Dinitrohydrozy-\-o-anisylmethylb enziminazole. 
From the trinitro-compound and o-anisidine. Crystallises from 


alcohol in small, ochreous scales, melting at 193°: 
0°0776 gave 10°6 c.c. N, (moist) at 14° and 768:1mm. N=16°24. 
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C,;H,;oO,N, requires N=16°28 per cent. 01: 
Silver salt: orange, microcrystalline powder. 
Methyl ether: pale yellow needles (from alcohol); melting point Am 


168°: water 
0°2110 gave 27°9 c.c. N, (moist) at 12°5° and 759°3 mm. N = 15-64. 
C,,H,,O,N, requires N=15°66 per cent. 

Acetyl derivative: from the iminazole by boiling with acetic 
anhydride ; crystallises from alcohol in dense, ochreous scales, melt- 
ing at 162—163°: 
0°1039 gave 12°8 c.c. N, (moist) at 9°5° and 752°4 mm. N=14'64. 
C,,H,,0;N, requires N=14'5 per cent. 


Dinitrohydrovry-1-m-anisylmethylbenztminazole. 


From the trinitro-compound and m-anisidine.* The product in 
this case was mixed with much colouring matter, probably the azo- 
compound resulting from the action of the eliminated nitro-group 
on the free base. After alkaline extraction and precipitation by 
acid, the product consisted obviously of a mixture of the iminazole 
and diarylamine. Anhydridisation was effected by heating with 
concentrated sulphuric acid on the water-bath, and also by the 
alkaline method. The pure compound is not very readily soluble 
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* Prepared by methylating the monoacetyl derivative of m-aminophenol by 
dimethyl] sulphate and alkali, hydrolysing the product by sulphuric acid, basifying 
with alkali, distilling in steam, and finally purifying the oily product by fractional 
distillation. 
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in alcohol, and separates from this solvent, partly in ochreous, 
nodular aggregates, and partly as a light ochreous  flocculent 
deposit. Both forms have the same melting point, 186°, with 
previous darkening at 146°: 

0'0928 gave 13 c.c. Ng (moist) at 17° and 755°2 mm. N=16'14. 

C,;H,.0,N, requires N=16°28 per cent. 

The presence of the intermediate diarylamine in this case is of 
importance as indicating the lesser mobility of the hydrogen atom 
of the NH group when in the meta-position with respect to the 
other substituent in the amine nucleus (methoxy-group). The 
mobility of this hydrogen atom, which is concerned in the formation 
of the iminazole ring, will no doubt be found to follow the ortho- 
para rule. 


Dinitrohydrosry-1-p-anisylmethylb enziminazole. 


From the trinitro-compound and p-anisidine. Crystallises from 

alcohol in large, ochreous scales, melting at 198°5°: 

0'1238 gave 16°65 c.c. N, (moist) at 11°5° and 774°3 mm. N=16°3. 
C,;H,;20,N, requires N=16°28 per cent. 

Ammonium salt: small, red needles, sparingly soluble in cold 

water. 

Silver salt: bright ochreous powder, insoluble in cold water : 

0'1336 gave 13°9 c.c. N, (moist) at 14° and 774.4 mm. N=12°39. 

01962 ,, 0°0461 Ag. Ag=23°55. 

C,;H,,O,N,Ag requires N=12°28; Ag=23°6 per cent. 

Methyl ether: pale yellow needles from alcohol; melting point 

169—170°: 

0'0689 gave 9°4 c.c. N, (moist) at 14° and 748°3 mm. N=15'80. 
C,,H,,O,N, requires N=15°66 per cent. 


Dinitrohydroxy-\-o-chlorophenylmethylb enziminazole. 


From the trinitro-compound and o-chloroaniline. Crystallises 

from aleohol in lustrous, pale yellow scales, melting at 240°: 

0'1295 gave 17°7 c.c. Ny (moist) at 16° and 742°] mm. N=16°26. 
C,,H,O;N,Cl requires N=16'1 per cent. 


Dinitrohydroxy-1-m-chlorophenylmethylbenziminazole. 


Prepared, as usual, from m-chloroaniline. This compound was 
always found to erystallise from alcohol in two forms, nodular 
‘ggregates and ochreous scales, both having the same melting point, 
tamely, 170—171°: 
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0°0837 gave 11°8c.c. Ne (moist) at 20° and 753°9 mm. N=1609, 
01565 ,, 00662 AgCl. Cl=10°27. 
C,,H,O,N,Cl requires N=161; Cl=10°16 per cent. 


Dinitrohydroxy-\-p-chlorophenylmethylbenziminazole, 


From p-chloroaniline, as before. Crystallises from alcohol in flat, 
pale ochreous needles, melting at 246° with decomposition : 
0°0830 gave 11°1 c.c. Ny (moist) at 11° and 760 mm. N=16'03. 
02472 ,, 00997 AgCL Cl=9°94. 
C,,H,O;N,Cl requires N=16'1; Cl=10°16 per cent. 
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Dinitrohydrozy-1-p-nitrophenylmethylb enziminazole. 


o-Nitroaniline, as stated in the introductory part, forms no 
catenation product with the trinitro-compound. The trinitro-com- 
pound readily reacts with p-nitroaniline, forming an iminazole but 
very slightly soluble in boiling alcohol, and crystallising from 
glacial acetic acid in ochreous scales, melting and decomposing at 
249—250° : 
0°1447 gave 24 c.c. Ny (moist) at 16° and 754 mm. N=19'54. 
C,,H,O;N; requires N=19°54 per cent. 


From 
alcohol, 
ochreou 
The salts formed by this iminazole are so insoluble that they 0103 
appeared worthy of special study, from the point of view of util- 
ising them for analytical purposes. A number of quantitative deter- 
minations showed, however, that they offered no particular advan- 
tages. 

Ammonium salt: crystallises from hot water in small, red scales, 
which do not dissociate to any considerable extent when dried in 
the water-oven : 
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0'0952 gave 182 c.c. Ny (moist) at 19° and 756 mm. N=21°80. 
C,,H,,O;,N, requires N=22°38 per cent. 
Potassium salt: formed by dissolving the iminazole in a boiling 
aqueous solution of potassium carbonate, allowing to crystallise, and 
purifying by recrystallisation from water, in which it is but spar- 
ingly soluble: lustrous, red prisms containing no water of crystal- 
lisation : 
00933 gave 14°7 c.c. Ny (moist) at 19° and 753 mm. N=17°%4. 
01803 ,, 00386 K,50,. K=9°62. 
C,,H,O,N;K requires N=17'74; K=9'8 per cent. 
Sodium salt: this salt is of particular interest on account of its 
crystallising in two forms, namely, dense, red nodules and iat, 
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grange needles. The two kinds of crystals were generally, but not 
invariably, obtained together. It is possible that the “ isonitro- 
tautomerism,” to which attention has recently been turned, more 
especially through the researches of Hantzsch, may be realised in 
this iminazole, and that the two forms of sodium salt are repre- 
sented : 

-C-ONa. “C0. 

"C-NO,, -CINO,Na. 

We hope to be able to make a further study of the salt, as well 
as of the iminazole and its ethers, from this point of view: 

0'2671 gave 0°0459 Na,SO,. Na=5°57. 

01263 gave 20°25 c.c. N. (moist) at 18° and 761°'7 mm. N=18'54. 
C,,H,O,N;Na requires Na=6'04; N=18'4 per cent. 

Neither the potassium nor the sodium salt can be converted into 
ethers by direct alkylation. 

Silver salt: dull orange, microcrystalline powder, practically in- 
soluble in water. The dry salt deflagrates on heating. 


Dinitrohydrozxy-1-y-cumylmethylbenziminazole. 


From the trinitro-compound and y-cumidine. Crystallises from 
alcohol, in which it is very difficultly soluble, in minute, pale 
ochreous needles, melting at 237°: 

01030 gave 13°8 c.c. Ny (moist) at 14° and 763 mm. N=15°82. 
C,;H,,O;N, requires N=15'76 per cent. 

[he yield in this case showed a variation of from 78'2 to 91°6 
percent. of the theoretical quantity, this discrepancy being entirely 
due to the difficulty of removing the secondary products of the 
reaction. One of these products is y-cumene, formed, no doubt, by 
the action of the eliminated nitro-group on the free cumidine, and 
the decomposition of the diazonium salt by the boiling alcohol. 
The hydrocarbon tends to keep the product resinous, and interferes 
considerably with the processes of extraction and purification. 

The products of the interaction of the trinitro-compound and 
secondary amines are still under investigation. 
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CLXIV.—Contributions to the Chemistry of the Cholesterol 
Group. Part I. The Action of Hydrogen Perozide 
and of Fused Potassium Hydroxide on Cholesterol, 


By Rosert Howson Pickarp and JosepH Yates. 


THE great difficulty which hinders the elucidation of the constitution 
of the unsaturated secondary alcohol, cholesterol, is that, although it 
is itself beautifully crystalline, the products of its oxidation are gene- 
rally amorphous, and therefore not easy to separate and characterise, 
Owing to the high molecular weight and the difficulty always met with 
in the combustion of cholesterol and its derivatives, the empirical 
formula is somewhat uncertain. In the older literature, the 
formula C,,H,,O is assigned to cholesterol, but the researches of 
Mauthner and Suida (Monatsh., 1894, 15, 362) showed that it con- 
tains twenty-seven carbon atoms in the molecule. Some uncertainty 
still attaches to the number of hydrogen atoms, for, whilst Mauthner 
and Suida give the formula C,.H,,O, later investigations, particularly 
those of Diels and Abderhalden (Ber., 1904, 3'7, 3092 e¢ seq.), point to 
the formula C,,H,,O, which is adopted in this paper. 

Mauthner and Suida (Monatsh., 1896, 1'7, 579) studied the oxidising 
action of chromic acid on cholesterol, and obtained in small! quantities 
two compounds, which were named by them “ oxycholestenediol” and 
“ oxycholestenone,” with the empirical formule C,,H,,0, and C,,H,0, 
respectively. The latter, an unsaturated diketone, is obtained by the 
action of dehydrating agents on the former, which has been shown to 
be a diketo-aleohol by the researches of Windaus (compare Ber, 
1906, 39, 2249). This investigator * has also shown that cholesterol 
has a terminal vinyl group in the molecule, and by its oxidation in 
benzene solution with potassium permanganate he has obtained a very 
small quantity of a compound, C,,H,,0,, melting at 236°, which he 
names dehydrocholestanetriol, this, when further oxidised, yields a 
diketo-aleohol melting at 253°. This diketo-aleohol is isomeric with 
dehydrocholestanedionol, since dehydration converts it into dehydro 
cholestenedione, these names being the more systematic designations 
which Windaus gives to the two compounds obtained by Mauthner and 
Suida as described above. 

-From these and other results, Windaus formulates the first stages in 
the oxidation of cholesterol as follows, the formation of an intermediate 
aldehydic substance being assumed : 

* Windaus has recently published (Arch. Pharm., 1908, [ii], 246, 117) an 
excellent summary of his own and other researches on cholesterol. 
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C,,.H,;—-CH C,.H,,—CH-OH 
fs | es 
CH, ‘CH, CH, CH, ‘CH—-CH:OH —> 
NZ 
“H-OH CH-OH 
Cholesterol, Cy,H,,0. Dehydrocholestanetriol, C.,H4,03. 
C..H,,——CO C,,.H,,—-CO 
f™ * | 
CH, ‘CH——-CH-OH __, CH, C==CH 
ra 
CO CO 
Dehydrocholestanedionol Dehydrocholestenedione 
(‘oxycholestenediol ”), Cy;H 4.03. (‘* oxycholestenone”’), Cy,Hy0,. 


We have found that cholesterol can be oxidised by hydrogen peroxide 
toa “triol,” melting at 239°, which is isomeric with that obtained as 
above by Windaus. When oxidised, this triol yields dehydrocholestane- 
jionol ; it contains the hydroxyl group of cholesterol, and when partly 
uidised yields a monoketo-alcohol, C,-H,,O,. The inter-relation of 
these reactions and those of Mauthner and Suida and Windaus can be 
represented as follows : 


H,0g KMnO, 
Triol ‘m. p. 239°), <-—— Cholesterol —-> Dehydrocholestanetriol 
(m. p. 236°). 
CrOs of CrOs CrOs 
< 
i v ' 
| / 
¥ 1,0 Y ~H6 
Dehydrocholestanedionol —-—> Dehydrocholestenone <-— Diketo-alcohol 
(m. p. 231°). (m. p. 122°). (m. p. 253°). 


In the experimental part of this paper there is a description of 
everal new compounds prepared to show the relation of this new triol 
Cholesteryl acetate. <-———-————_ Cholesterol, 
C,-H,,"OAc. C,-H,0. 
| 
Hao] 


Diacetate (165°), Monoacetate (212°), Y 
CyH,,0°(OAc),. C.,H,,0.(OAc). | 
| 
| 
| 
| 


i y.or0s 
° 
)/ Monoacetat (233°), S 
Cy,H,,0,(O Ac) = 
x | A xe - | Hydrolysis © 
5 S Sy Y, 4 Y 29° 
Z\\|= s Keto-alcohol (232°), 
3 | | = * Y Cy, H 4,93. 


= Dehydrocholestanedionol, C.,H,,03. 


Triol (239°), C.H4,03. Oxidation, Orbs 
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to cholesterol and dehydrocholestanedionol, the connexion between pero3 
each being illustrated by the scheme on p. 1679. VW. 1 
These new reactions give approximately quantitative yields of the matel 
substances described, and therefore we regard our results as affording its vo 
very strong confirmation of Windaus’ formulation of the first oxidation It ma 
products of cholesterol. the m 
used | 
Action of Fused Potassium Hydroxide on Cholesterol. The 
Numerous experiments were carried out with a view to obtaining — 
simple degradation products of cholesterol. The action of fused * . 
potassium hydroxide, however, only yields very small quantities of wl 
two crystalline products, these being the monobasic hydroxy-acid, “ 
C,,H,,(OH)*CO,H, and the dibasic acid, C,,H,.(CO,H),. oe 
EXPERIMENTAL. coal, 
about 
Source of Cholesterol. of the 
Some of the cholesterol used in these experiments was obtained wolid t 
from gall stones, whilst the remainder was supplied by Schuchardt, ‘sta 
and had been obtained partly from gall stones and partly from brain C,H, 
substance. It all melted sharply at 146—147°, and was readily boiled 
soluble in cold chloroform. The specific rotation of some cholesterol When 
which had been prepared from a single gall stone, recrystallised once # “SP” 
from alcohol, and dried at 90°, was [a]> -37°59° (with c=3°9 in lisation 
chloroform). The product from Schuchardt, after drying at 90°, had and th 
[a]; —38°77° (with ¢c=5-0 in chloroform), and, after three crystallisa- long, It 
tions from absolute alcohol and drying at 90°, had [a]> -380l° It d 
(c=2'6 in chloroform). tty 
Some material used in earlier (1902) experiments contained (then petroler 
undetected) traces of cholesteryl] arachidate, which led us to believe chlorof 
(Proc., 1903, 19, 187) that cholesterol, when oxidised, yielded arachidic 0126 
acid. We much regret this error, which has found its way into several 0-129 
text-books. Hydrolysis under pressure, repeated several times, is 
required to purify completely cholesterol and its allies. Diace 
Action of Hydrogen Peroxide on Cholesterol. — 
Preparation of a Neutral Substance, C,,H,,0,. at 162°, 
As a result of very many preliminary experiments, it was found lustrc 
that, whenever cholesterol dissolved in acetic acid was treated with It 18 § 
hydrogen peroxide, the product obtained was always more or les “= 7 
acetylated. It was therefore thought advisable to acetylate the omginal | 
cholesterol before submitting it to the action of the reagent, and tis 01206 


was then found to increase the yield considerably. The bydroge 
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peroxide was used under conditions similar to those described by 
w. H. Perkin (Proc., 1907, 23, 166). A 20 per cent. solution of 
material in glacial acetic acid was treated with about one-sixth of 
its volume of 30 per cent. hydrogen peroxide (Merck’s “ perhydrol’’), 
It may, however, be noted that the products are very similar whether 
the material is previously acetylated or not. The cholesteryl acetate 
used had been crystallised from acetic acid, and melted sharply at 113°. 
The operation was performed as follows: 10 grams of cholesteryl 
acetate were dissolved in 50 c.c. of glacial acetic acid, and 10 c.e. of 
the hydrogen peroxide added. The mixture, when heated on a water- 
bath, first separated into two layers, the lighter oily layer gradually 
disappearing during the heating. Considerable effervescence ensued, 
probably due to excess of the peroxide, and the heating was continued 
for about two hours, when the action had apparently ended. When 
cool, a erystalline solid was deposited, which melted indefinitely at 
about 170°, the yield being nearly 50 per cent. The cautious dilution 
of the filtrate with water gave a further quantity. The crystalline 
slid thus obtained was not homogeneous, being a mixture of two 
substances, a monoacetate and a diacetate of the neutral substance, 
(,,H,,0,. It was therefore dissolved in methyl alcohol and 
boiled for two or three hours with an excess of sodium methoxide. 
When the mixture was poured into water, the deacetylated product 
was precipitated, and, when dry, melted at about 230°. After crystal- 
lisation, first from benzene, in which both acetates are fairly soluble, 
and then from methyl alcohol, it was obtained in felted masses of 
long, lustrous needles melting at 239°. ; 

It dissolves in the common organic media; it is, however, very 
sparingly soluble in chloroform or benzene, and even less so in light 
petroleum. It does not combine with bromine dissolved either in 
chloroform or acetic acid. On analysis : 


01260 gave 03550 CO, and 0:1272 H,O. C=76:8; H=11°2. 
01224 ,, 03457 CO, ,, 01264 H,O. C=77:0; H=11°0. 
C.,H,,0, requires C=77'5 ; H=11°0 per cent. 


Diacetate—When the substance melting at 239° is boiled for thirty 
uinutes with excess of acetic anhydride and a small quantity of fused 
‘odium acetate, the diacetate was obtained in prismatic needles melting 
at 162°. After recrystallisation from methyl] alcohol, it was obtained 
in lustrous, long, prismatic needles, which melted at 165°. 

It is soluble in the common organic media, and, when deacetylated 
vith & methyl-alcoholic solution of sodium methoxide, yields the 
onginal substance : 


01206 gave 0°3289 CO, and 071161 H,O. C=744; H=10°7. 
C,,H,,0, requires C = 74:1 ; H=10-0 per cent. 


— ESS 
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When boiled with a known excess of sodium methoxide, 1-6900 
neutralised the equivalent of 0°2500 NaOH. The calculated amount 


for two acetyl groups is 0°2693 NaOH. Cryoscopic determinations of Ac 
the molecular weight in benzene solution indicated the formula 7 
Cy) H,0 - 
317*50V5° 
The diacetate was also prepared directly from the product obtained 
from the cholesteryl acetate. This latter was extracted with warm The 
light petroleum. After removal of the petroleum, the crude extract aid, a 
melted at about 140°, and, after two crystallisations from methyl at 19: 
alcohol, yielded the pure diacetate, melting at 165°. Owi 
Monoacetate.—The residue insoluble in light petroleum, from the # “™* 
extraction described above, melted at about 200°. It was crystallised have b 
three times from ethyl alcohol, and obtained in small, glistening 
needles melting at 212°. It is soluble in the common organic media, 
with the exception of light petroleum : 
0-1374 gave 0°3774 CO, and 0°1333 H,O. C=74:9; H=10%8. 
C,,H,,0, requires C= 75:6 ; H=10°4 per cent. Ries 
When boiled with excess of sodium methoxide, 0°5512 neutralised # il cc. 
the equivalent of 0°0552 NaOH. The calculated amount for C,,H,,0, 065 ¢g 
is 0°0479 NaOH. acid. 
The product from this hydrolysis, after one crystallisation from This 
methyl alcohol, melted at 239°. then pc 
When the monoacetate was boiled with acetic anhydride anda JJ «etic 
little fused sodium acetate, it yielded the diacetate melting at 165°. materia 
Dipropionate.—The dipropionate. was prepared by boiling the sub- was the 
stance with twice its weight of propionic anhydride for two hours JJ vith lig 
When cool, the compound crystallised in long, slender needles. After The y 
recrystallisation from methyl alcohol, it melted sharply at 172°. with a 3 
When boiled with a known excess of sodium methoxide, 0°099 lisation 
neutralised the equivalent of 0°0158 NaOH. The calculated amount slender 
for C,,H,,0, containing two propionyl groups is 0°0149 NaOH. 0-119 
Action of Hydrogen Peroxide on Dicholesteryl Ether. a oo 
To obtain further confirmation of the course of the reaction sparing! 
between hydrogen peroxide and cholesterol, a few experiments with 9 lng nee 
dicholesteryl ether (Mauthner and Suida, Monatsh., 1896, 17, 29) When 
were carried out. Owing to the insolubility of the ether in acetic heutralis 
acid, the experiments were performed in benzene solution. The BF for C,H 
neutral substance thus obtained was acetylated and then crystallised Phenyi 
from a mixture of benzene and methyl alcohol. In this way, * 9 bydrazon 
diacetate was obtained in long, prismatic needles melting at 143°. cObtainir 
When boiled with a known excess of sodium ethoxide, 0512) Hi yellow sy 
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neutralised the equivalent of 0:0454 NaOH. The calculated amount 
for C,H ,0, with two acetyl groups is 00453 NaOH. 

A eryoscopic determination of the molecular weight was made : 
04245 in 13°843 benzene gave a depression of 0°15°. M.W.=1002. 
C,,H,,0, requires M.W. = 904. 

The product, after deacetylation, was crystallised twice from acetic 
id, and obtained in small nodules of indefinite shape, which melted 
at 192°. 

Owing to the description by Minovici (Ber., 1908, 41, 1561) of 
isomeric dicholesteryl ethers, further experiments in this direction 
have been postponed, 


—- Ve — 


Preparation of the Keto-alcohol, C,,H,,O., 
Oxidation of the Monoacetyl Derivative of Cy,H,,O,. 


Four grams of the monoacetate (m. p. 212°) were dissolved in 
60 cc. of warm glacial acetic acid, and then mixed with a solution of 
065 gram of chromium trioxide in 10 c.c. of 90 per cent. acetic 
aid, 

This mixture was warmed on the water-bath for fifteen minutes, and 
then poured into water. The dried precipitate was then boiled with 
etic anhydride for thirty minutes to convert any unoxidised 
material into the diacetate (m. p. 165°). The excess of acetic anhydride 
was then decomposed by water, and the precipitate dried and extracted 
with light petroleum, in which the diacetate is soluble. 

The portion insoluble in light petroleum was deacetylated by boiling 
with a methyl-alcoholic solution of sodium methoxide. After crystal- 
lisation from methyl alcohol, the keto-alcohol was obtained in long, 
lender needles, which had a pearly lustre and melted at 232°: 


011196 gave 0:°3392 CO, and 0°1193 H,O. C=77:5; H=11'1. 
C,,H,,0, requires C=77°9: H=10°6 per cent. 

Acetyl Derivative-—This was obtained as described above, and 
lepresents the portion insoluble in light petroleum. It is very 
sparingly soluble in methyl alcohol, from which it crystallises in 
long needles melting at 233°, 

When boiled with a known excess of sodium methoxide, 1°4527 
neutralised the equivalent of 0°1276 NaOH. The calculated amount 
for Cy H,,0, is 01269 NaOH. 

| Phenylhydrazone.—The keto-alcoho! readily yielded a phenyl- 
iydrazone when warmed with an alcoholic solution of phenylhydrazine 
‘outaining a few drops of acetic acid, from which it was deposited in 
yellow spangles, which melted at 162°. After recrystallisation from 
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ethyl alcohol, it was obtained in long, orange-yellow needles, which and t 
melted at 16 4° was C 
02140 gave 10°7 c.c. N, (moist) at 20° and 766 mm. N=5-7, mass 
C,,H,,O0,N, requires N =5°5 per cent. with 
solutic 
Formation of Dehydrocholestanedionol by Oxidation of the Triol solutit 
(m. p. 239°) and the Keto-alcohol (m. p. 232°). acids 
A solution of 4:2 grams of the alcohol (m. p. 239°) in 160 ce. of - 
90 per cent. acetic acid was mixed with a cold solution of 4:2 grams 
of chromium trioxide in 40 e.c. of 90 per cent. acetic acid, and the 
mixture allowed to stand for twenty-four hours. The crystalline Wh 
deposit was then filtered and extracted with 96 per cent. alcohol. small 
The least soluble portion was crystallised from absolute alcohol, and yo 
obtained in beautiful long needles, which melted and decomposed at The an 
231°. - 
An analogous experiment with the keto-alcohol (m. p. 252°) and proms, 
half the quantity of chromium trioxide gave the same substance, the 012 
properties of which coincide with those of dehydrocholestanedionol 
(oxycholestenediol) described by Mauthner and Suida (/oc. cit.). The | 
The identity of this substance with “ oxycholestenediol” was proved one an 
by its conversion into “dehydrocholestenedione”’ (oxycholestenone) and etl 
and the preparation of the phenylhydrazone of the latter. of bron 
The “ dionol” dissolved in chloroform solution was treated with dry solutior 
hydrogen chloride for one hour, when the solution became milky. salt. 
The mixture was then washed with sodium carbonate solution, dried: aqueous 
and the chloroform removed by distillation. The residue, after two acid in 
crystallisations from ethyl alcohol, melted at 121—122°, and with water, 1 
phenylhydrazine yielded the very characteristic insoluble hydrazone, zine, car 
which was obtained in golden-yellow spangles, melting at 271: The 
Mauthner and Suida (Joc. cit.) give 122° as the melting point of oxy- J purify. 
cholestenone and 271° as the melting point of its phenylhydrazone. The e 
and one 
Fusion of Cholesterol with Potassium Hydroxide. derivati 
The object of these experiments was to obtain degradation products 
of cholesterol which could be purified by crystallisation. Preliminary 
trials were carried out using a nickel crucible, which was subsequently When 
discarded for an iron one. The addition to the fusion of small of acetic 
quantities of sodium peroxide, iron filings, or zinc dust did not seem to Water, { 
affect the yield of crystalline substances. Masses, 
The method adopted finally was as follows: 6 grams of cholestero! prismatic 
were fused at a low temperature with 12 grams of potassium hydroxide A spec 
in an iron crucible. The potassium hydroxide was first dissolved in 4 0'1253 
very small quantity of water, in which the cholesterol was suspended, 01109 
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and the mixture heated. After the water was expelled, the mixture 
was constantly stirred, and the heating continued for some hours. The 
mass was next dissolved in water, acidified, and extracted six times 
with ether. The acid products were removed by washing the ethereal 
lution with very dilute sodium carbonate solution. The alkaline 
lution was then acidified and extracted with ether. A mixture of 
acids was thus obtained, which readily solidified in an evacuated 
desiccator after removal of the ether. 


Acid, Cy,H,,0;- 


When the mixture of acids is dissolved in hot ethyl acetate, a 
mall crop of crystals is deposited. The yield may be increased 
by evaporation of the solvent, or by the addition of ethyl nitrate. 
The amount obtained from 6 grams of cholesterol never exceeded 0°3 
gram. The acid can be recrystallised from ethyl acetate in small 
prisms, which melt at 241°: 

01272 gave 0°3602 CO, and 0°1273 H,O. C=77:2; H=11°0. 
C,,H,,0, requires C=77°5 ; H=11-0 per cent. 

The acid is insoluble in water and benzene, sparingly soluble in acet- 
one and methyl alcohol, and soluble in hot acetic acid, acetic anhydride, 
and ether. The solution in acetic acid does not decolorise a solution 
of bromine in the same solvent. It readily dissolves in a warm dilute 
solution of sodium carbonate, and, when cooled, deposits a gelatinous 
alt. Potassium permanganate solution is not decolorised by an 
aqueous solution of the sodium salt. A dilute neutral solution of the 
acid inammonia gives white, gelatinous precipitates, insoluble in hot 
water, with solutions of the acetates of calcium, barium, magnesium, 
ane, cadmium, and lead. 

The silver salt is also gelatinous, and consequently difficult to 
purify. 

The empirical formula of the acid and the presence of one hydroxyl 
and one carboxyl group were proved by the preparation of the acetyl 
derivative and the ethyl ester. 


Acetyl Derivative, C,,H,.0,. 


When the acid was boiled for about fifteen minutes with an excess 
of acetic anhydride, in which it is very soluble, and then poured into 
water, the acetyl derivative slowly separated out in hard, horny 
masses, It crystallised from aqueous alcohol in warty aggregates of 
Prismatic crystals, which melted at 163° and decomposed about 200°. 
A specimen, dried in the air, gave on analysis: 

01253 gave 0°3328 CO, and 0°1216 H,O. C=72:4; H=10°7. 
01109 lost 0-0042 at 105°, H,0 = 3°78, 


iD 
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C,,H,,0,,H,O requires C=72°8 ; H=10'5; H,O=3°76 per cent, The 
C,,H,,0,H,O ,  #C=721; H=103; H,O=3°86 _,, analy: 
A specimen, dried in the desiccator until constant in weight, was 01; 

dissolved in warm alcohol and titrated with V/10 NaOH, using phenol. 

phthalein as indicator : 

01970 gram was neutralised by 0°0172 gram NaOH. 

C,,H,,O0Ac*CO,H requires 00171 gram NaOH. The 
R. Hu 
also to 

Ethyl Ester, C,,H;,03- have d 

The acid was shaken with ethyl alcohol saturated with hydrogen Mu 
chloride for about eight hours. 

Most of the alcohol and the hydrogen chloride was removed in an 
evacuated desiccator, the residue poured into water, and the ester 
extracted with ether. It is very soluble in the common organic sol- 
vents, except methyl and ethyl alcohols. It crystallised from the 
former solvent in twinned plates with a pearly lustre, and melted at 
62°. <A three per cent. solution in ether gave [a], about + 27°: &} 

0:1222 gave 03496 CO, and 0°1235 H,O. C=78°02; H=11:23, 

C,,H,,0, requires C=78:0; H =11°2 per cent. 

C..H,,0, , C=774; H=115 _ ,, 

Ix our f 
Dibasic Acid, C,,H,,0,- the prod 
phenylar 

The acid products from the fusion were treated with ethyl acetate HJ from th 
and ethyl nitrate, as described above, to remove the acid C,;H,0, 9% phonium 
The residues were heated on the water-bath to remove all traces of H the cond, 
the solvents, then macerated with light petroleum, and filtered. The @ ¢ Spher 
portion insoluble in the petroleum, crystallised from glacial acetic acid Hi been exte 
in clusters of small needles, which melted at 190°: with bot] 

0°1364 gave 0°3700 CO, and 01314 H,O. C=74:0; H=107. (Annalen, 

C,,H,,0, requires C=74:2 ; H=10°4 per cent. Before de: 

C,,H,,0, » C=750;H=101 , , that, besi 

The acid is soluble in ethyl acetate, benzene, chloroform, or alcohol. # the S-phe 
Its solution in sodium carbonate does not decolorise potassium be obtaine 
permanganate in the cold, and its solution in acetic acid does not From d 
decolorise a solution of bromine in acetic acid. ‘entrated 

0:1284 Gram of acid, dissolved in ethyl alcohol, was titrated with indrolyse 
N/10 NaOH, and neutralised 0°0236 NaOH ; indicating for a dibasic ‘ulphate rr 
acid a molecular weight of 436, that.of C,,H,,O, being 420. tion of a d 

The neutral solution of the ammonium salt gave white, amorphow of aromati 
precipitates, insoluble in hot water, with solutions of the acetates of BM ‘te ary] g 
calcium, barium, zinc, cadmium, magnesium, and lead. Ways 
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The silver salt is amorphous; a specimen, dried at 100°, was 

analysed, when 

01552 gave 9°2800 CO,, 0:0981 H,O, and 0:0523 Ag. C=492; 
H=70; Ag=33°7. 

C.,H,,0,Ag, requires C= 49:2; H=6:9; Ag=34:0 per cent. 


The thanks of the authors are due to Drs. A. S. Barnes and 
k. Hunt for the presentation of some specimens of gall stones, and 
also to the Research Fund Committee of the Society for grants which 
have defrayed the cost of some of the material used in this work. 
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CLXV.—Deriwatives of S-Phenylphenazothionium. 
Part IT. 


By SamMuet Smr1Les and Tuomas Percy HIipircu. 


Ix our first communication on this subject (Trans., 1908, 93, 145), 
the products obtained by condensation of phenetole with di-p-nitrodi- 
phenylamine sulphoxide and its methyl derivative were described. 


‘¢ @ from the previous observation, that aromatic sulphoxides yield sul- 
); J phonium salts in this reaction, and from the study of the properties of 
of @ the condensation products, it was shown that the latter are derivatives 


of S$phenylphenazothionium. The investigation of this group has now 
ven extended to the substances obtained by condensation of phenol 
with both the dinitrodiphenylamine sulphoxides described by Bernthsen 
‘Annalen, 1885, 230, 116) and to the amino-derivatives of the group. 
Before dealing with these substances in particular, it may be remarked 
that, besides the reasons already given for assuming them to contain 
the 8-phenylphenazothionium structure, further evidence of this may 
veobtained from a general standpoint. 

from di-p-nitrodiphenylamine sulphoxide and phenetole with con- 
‘entrated sulphuric acid, a green sulphate is obtained, which is readily 
hydrolysed by water to a crimson, fluorescent base. By treating the 
sulphate with alkali hydroxide, sulphuric acid is eliminated with forma- 
‘ton of a deep red, fluorescent anhydro-base. Now in the condensation 
of aromatic compounds with thiodiphenylamine oxide, it is clear that 
the aryl group may unite with the benzothiazine system in either of 
ree ways : it may be attached to nitrogen (I), or toa benzene nucleus 
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(II), or its sulphur (ITI), and the sulphate would then be represented as centi 
follows: to tl 
Ar H H Ar 9 
« SY 1902 
\A0,H N bine 
ye y the t 
| 4™N me ZY 
NO. / NO, NO, “<e, NO 
MN \ 
$O,H 
(a. ) (I.) (A. ) 
N Ar NH 
Y . ea (wher 
NO NO, NO, N NO the re 
aa \ \ _ = P Wes eI . 
Ss S simila 
| nucle 
SO,H SO,H Ar the p) 
II.) (LIT. ) view, 


no sp 
at the 
oxide, 
but w 
with | 
as an 


It may be noted that a substance of formula II would differ from 
I and III by two hydrogen atoms less, but the difference would not 
greatly affect the results of analysis. 
The first alternative (Ia and I+) involves the improbable assumption 
that the thiodiphenylamine oxide contains either the structure 


OH 

N N nitrot, 

Y a or Tw, isolate 

| | iO; , #0 per 

“* Fa is one 

. S that it 

but apart from this it is evident that, in either case, removal of hydracid ing ag 
from the salt by alkali hydroxide must yield an -arylthiodiphenyl- Jj ine 
amine, and this is contrary to experience. Hence this structure must sulpha 
be discarded. been fi 
On a priori grounds, the second formula seems more probable. For _ or 
set 


various reasons, which need not here be mentioned, it is probable that 
the sulphoxide structure (A) is the pseudo-form of the quinonoid 


1, T 
solutio 


NH N 
nur Va phenaz 
ei | 2 I 
if at the act: 
SO : the ank 
OH For ¢ 
A.) (B. as the 


entirely 


sulphonium base (2), into which it is convert-4 by the action of acids. 
be antic 


This being the case, the dinitro-sulphoxide on being dissolved in coD- 


SSE 


S-PHENYLPHENAZOTHIONIUM. PART II. 1689 


centrated sulphuric acid previous to condensation would be changed 
to the quinonoid sulphonium salt. Now, since Kehrmann (Annalen, 
1902, 322, 1) has shown that these ortho-quinonoid derivatives com- 
bine with aniline in presence of oxidising agents, giving compounds of 
the type 


N 
Phe a 
CH-NH. ) \ )NE-CH, 
S 
x 


(where X is an acid radicle), it might be considered possible that in 
the reaction in question a substance of type II might be formed in a 
similar manner by simultaneous removal of hydrogen from the aromatic 
nucleus of phenol and the dinitrophenazothionium salt. Accordingly, 
the process would be one of oxidation and not of dehydration. This 
view, however, is untenable. If it were correct, it is clear that, since 
no special oxidising agent is introduced, the oxidation must take place 
at the expense of the sulphuric acid or of part of the dinitro-sulph- 
oxide. In the former circumstance, sulphurous acid would be formed, 
but we have not been able to detect traces of this even when dealing 
with large quantities of material. Further, if the sulphoxide served 
asan oxidising agent, half of it would appear in the product as di- 
nitrothiodiphenylamine, and this, also, we have not been able to 
isolate. Moreover, the sulphate is produced in excellent yield—about 
90 per cent. of the theoretical. Further evidence that the reaction 
is one of dehydration and not of oxidation is afforded by the fact 
that it does not take place without dehydrating agents, even if oxidis- 
ing agents are present. Thus, when a solution of di-p-nitrodiphenyl- 
amine sulphoxide in phenetole is warmed with ferric chloride, the green 
sulphate in question is not formed. Similar negative results have 
been found with acid alcoholic solutions of the sulphoxide with phene- 
tole or aniline and ferric chloride. Against this formula (IL) may also 
be set the facts that : 

1, The green salts are not attacked by sulphurous acid in alcoholic 
solution, whereas under these conditions the ortho-quinonoid dibenzo- 
phenazothionium bromide is readily reduced. 

2. It is difficult to imagine how a substance of formula II could by 
the action of alkali hydroxide lose the elements of hydracid to form 
the anhydro-base. 

For these reasons the second formula is excluded, and there remains 
as the only possibility the third, which we have already shown is 
‘ntirely in accordance with the properties of the substance and is to 
% anticipated from the nature of the reaction from which it is formed. 


a nme a 
7"; 
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By condensing phenol with di-p-nitrodiphenylamine sulphoxide jn 
presence of sulphuric acid, the green salt (IV) has now been obtained. 


NH N 

PFS % AAS ™ quant 
. = | le 
NO, I | INO, | | 'NO,, ethy 
hy sf 4 rf NO,HY or ri Ga By 
AN a ot 

7 . oxidis 
SO,H 0,H,-OH OH C,H,-0H : 
(IV.) (V.) to the 


It is readily hydrolysed by hot water or by dilute aqueous sodium 
carbonate to the corresponding red hydroxy-derivative (V). The base 
prepared in this manner is not homogeneous; it consists for the 
greater part of a sparingly soluble red base, mixed with a very small 
quantity of a more soluble purple base, which is isomeric with the 
former. The most probable explanation of this isomerism is that in 
the two substances the phenolic hydroxyl group occupies different 
positions relatively to the sulphur atom. They would thus be formed 
by ortho- and para-condensation of the thionyl group with phenol, and 
it may be noted that this has been already observed (Smiles and Le 
Rossignol, Trans., 1906, 89, 705) in the condensation of phenetyl 
sulphoxide with phenetole, where two isomeric triphenetylsulphonium 
salts are formed. It may be supposed that the less soluble isomeride is 
the para-, and the more soluble is the ortho-derivative, but in the 
absence of definite proof we prefer respectively to term them the a- and 
B-derivatives, 

By ethylation with ethyl sulphate in alkaline solution, the less 
soluble or a-phenolic base is converted into an ethyl derivative which 
has the same composition as the product previously obtained from 
phenetole and di-p-nitrodiphenylamine sulphoxide. However, the sub- 
stances prepared by the two methods are not identical. That obtained 
by ethylation of the a-phenolic base is distinguished from the isomeride 
by its slighter solubility and the different tint of its solution in con- 
centrated hydrochloric acid. The contrast between the isomerides may 
be summarised as follows: 


Four 
to as ( 
Kehrn 
thionir 
hydrox 
solutio 
purplis 
and pl 
S-hydr 
solutior 
It is 
stronge 
chlorid 
hot wat 
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Dinitro-S-phenetylphenazothionium Hydroxide. 


By ethylation of a By condensation with 
phenolic base. phenetole. 


Solution in concentrated | v.11 owish-green Deep bluish-green. 


hydrochloric acidis Jf 

And when ammonia is /f Rose-red with orange fluor- | : d 
added it changes to \ escence. j Purplish nag 

; tat ' tose-red base completely Purplish-red_ base is partly 

When this is set aside + precipitated, the solu- seointiated 

tion becomingcolourless. | aes : 
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The more soluble or f-phenolic base very closely resembles the 
phenetole condensation product of which it is probably the parent 
substance ; but we are unable to offer decisive proof of this, since the 
quantity of the B-isomeride available was so small that the product of 
ethylation could not be closely studied. 

By the reduction of dinitro-S-phenetylphenazothionium chloride, the 
pale yellow diamino-derivative (VI) is formed, and this, on being 
oxidised with ferric chloride or atmospheric oxygen, is transformed 
to the deep-blue chloride (VII), to which the quinonoid structure must 
be assigned : 


NH N . 
VFS, ANS 
NH, NH, NH. 
< Foi wT = HNZY \% YY , 
Ss ‘ 
f™ - P% 
cl G,H,°0-C,H, ci 0,H,-0-C,H, 


(VL) (VII.) 


Fur shortness’ sake, substances of this type (VII) may be referred 
toas derivatives of S-phenylthionine, although it may be noted that 
Kehrmann (Ber., 1897, 30, 1571; 1901, 34, 4170) has shown that 
thionine probably contains the ortho-quinonoid arrangement. The 
hydroxide corresponding with the above chloride is precipitated from 
solutions of the latter on the addition of aqueous alkali hydroxide as a 
purplish-brown powder. Other salts, such as the picrate, dichromate, 
and platinichloride, may be obtained. The chlorides of S-phenetyl- and 
Shydroxyphenyl-thionine are sparingly soluble in hot water; the 
solutions impart a bluish-grey tint to silk or cotton fabrics. 

it is worth noting that these amino-sulphonium bases are perceptibly 
stronger than those of the previously described dinitro-series. The 
chloride of dinitro-S-phenetylphenazothionium is readily hydrolysed by 
hot water or by cold aqueous solutions of sodium acetate or carbonate ; 
‘phenetylthionine chloride, however, is not attacked by these reagents, 
and the base is only liberated by the action of aqueous sodium 
hydroxide or boiling aqueous solutions of alkali carbonate. It is 
therefore clear that the basicity of the quadrivalent sulphur in these 
compounds is influenced by the nature of the groups substituted in the 
venzothiazine nucleus. Kehrmann (Ber., 1906, 39, 914) has arrived 
at a similar conclusion from a study of derivatives of the ortho- 
quinonoid phenazothionium. It will be shown in the next and con- 
cluding communication on this group that with four nitro-groups the 
wolecule may assume acidic properties. 

Derivatives of isoDinitrodiphenylamine Sulphoxide. — Bernthsen 
\Annalen, 1885, 230, 116) has shown that nitration of thiodipheny]- 
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amine yields di-p-nitrodiphenylamine sulphoxide, together with a more 


soluble isomeric substance, which may be termed isodinitrodiphenyl. . 
amine sulphoxide. That the latter substance contains the thiony] Ps 
group, follows from reasons similar to those advanced in the ease of - 
the less soluble isomeride (Bernthsen, oc. cit., and Smiles and Hilditeb, ry 
Trans., 1908, 93, 145). It thus follows that the isomerism depenis [°° 
on the different positions occupied by the nitro-groups. Bernthsen B sy 
showed that in the less soluble isomeride the two nitro-groups occupy me 
the 3:9-positions,* but the constitution of the isosulphoxide is at — 
' _ oo. 
present undetermined. 
isoDinitrodiphenylamine sulphoxide, when condensed with phenol, ~ 
yields an olive-green sulphate (VIII), which may be hydrolysed to an ~_ 
Indian-red base (IX) : ; ‘1 
NH N N 
: PG et ™ A @\/ The 
NO, NO, , NOs Pee | NHI. an int 
2 . NO,HY ‘yf “A nH V \/ vertec 
-< : \ 5 readil: 
SO,H O,H,0H OH O,H,OH of OH,oH mee 
(VIII) (IX.) (X.) colour 
By oxidising the diamino-derivative which is obtained by reduction 0-08 
of the dinitro-salts (VIII), a deep blue dyestuff (X) is formed, the 
properties of which are similar to those of the dipara-compounds 
(VII). It seems probable therefore that in the sulphoxide one nitro- 
group is in the para-position with respect to the imino-group, but at 
present there is no evidence to show the position of the other nitro The ; 
group. An attempt to decide this question by synthesis of the water 
sulphoxide is being made by one of us. substan 
It may be remarked that the hydroxide of isodinitro-S-hydroxy- solutior 
phenylphenazothionium is not fluorescent, in distinction from the a-d: | 
isomeric di-p-nitro-derivative. In other physical preperties, the two obtaine 
series closely resemble one another. It is spa 
alkali h 
EXPERIMENTAL, red'resp 
— ee ae alcoholic 
Derivatives of Dinitro-S-hydroxyphenylphenazothionium. 0134) 
The condensation of di-p-nitrodiphenylamine sulphoxide with phenol 01953 
in presence of concentrated sulphuric acid was effected by a process C9 
similar to that previously described (Trans., 1908, 93, 150) with The of 
phenetole and the same sulphoxide. On pouring the acid mixture into in absoly 
water, the green sulphate of 3 :9-dinitro-'-hydroxyphenylphena green eo] 
thionium was precipitated. This was collected and thoroughly washed 01268 
* In Part I (Joc. cit.), the position of the nitro-groups was called 3:3, instead of 01943 
a. 
3:9. CisH, 
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with water, and it was then converted into the hydroxide by trituration 
with excess of cold aqueous sodium carbonate. The brown solid was 
then separated from the alkaline liquor and treated with boiling 
water to separate thea- and #-bases; the total yield of these was 
53 grams from 5 grams of the sulphoxide. The more soluble 
8-hydroxide dissolved in the hot medium, forming a purple solution, 
which was filtered from the less soluble a-hydroxide. On cooling the 
filtrate, 8-3 : 9-dinitro-S-hydroxyphenylphenazothionium hydroxide was 
precipitated as a purple, crystalline powder. It was collected, and, 
after further purification, was analysed ; a sample which had been 
dried in the steam-bath gave the following numbers : 

0'1364 gave 0°2702 CO, and 0°0456 H,O. C=54:°01; H=3°71. 
C,,H,,0,N,S requires C=54:14 ; H=3-26 per cent. 

The substance melts at 206—208°, and in ethereal solution exhibits 
an intense green fluorescence. A portion of this hydroxide was con- 
verted into the chloride, The latter is a deep green powder, which 
readily dissolves in concentrated hydrochloric acid, giving a bluish- 
green solution ; it is sparingly soluble in cold absolute alcohol, the 
colour of the solution being blue : 

0:0907 gave 0°1725 CO, and 0:0241 H,O. C=51'86; H=2°95. 
C,,H,,0;N,CIS requires C= 51°75 ; H = 2°88 per cent. 


a-Derivatives. 


The insoluble residue left after removal of the B-hydroxide with hot 
water consists of the a-hydroxide in an almost pure state, The 
substance was further purified by precipitation with ether from acetone 
solution. 

a-3: 9-Dinitro-S-hydroxyphenylphenazothionium hydroxide was thus 
obtained as a chocolate-coloured powder, which melted at 218—220°. 
ltis sparingly soluble in boiling water, and very soluble in cold aqueous 
alkali hydroxide ; the solutions in these media are wine-red and rose- 
red'respectively, and neither exhibits fluorescence. The ethereal and 
alcoholic solutions are fluorescent : 

0'1341 gave 0°2665 CO, and 0:0397 H,O. C=54:20; S=3-29, 
01953 ,, 01207 BaSO,. S=8-48. 

C,,H,,0,N,8 requires C=54:14. H=3'26 ; S=8-01 per cent. 

The ciloride i is a deep green powder, which is very sparingly soluble 


in absolute aleohol or concentrated hydrochloric acid with a yellowish- 
green colour : 


01268 gave 0-2393 CO, and 00357 H,O. C=51:46; H=3°12. 
01943, 0:0650 AgCl. Cl=8-27. 

CisH,,0,N N,CIS requires C=51°75 ; H = 2°88; Cl=8-50 per cent. 
VOL, XCUI, 5 u 
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The platinichloride was obtained by mixing an alcoholic solution of 
the chloride with aqueous chloroplatinic acid. If the proportions of 
the reagents are adjusted so that precipitation takes place slowly, the 
substance may be obtained in green, crystalline scales, which decom- 


sulpho 
sulpho 
water : 


pose with frothing at 228°. Epichlorohydrin furnishes a crimson i 
solution, from which ether precipitates the platinichloride as a green -_ 
powder. A sample which had been purified in this manner was ” 
analysed : 
0°1805 gave 0°0291 Pt. Pt=16-12. 
(C,,H,,.0,N,8),PtCl, requires Pt = 16°64 per cent. 
The solutions in alcohol exhibit dichroism. On , 
The picrate is an olive-brown powder, which, on being heated, turns ulkaline 
green, and, finally, decomposes indistinctly at about 180°: insolub] 
0:1366 gave 0:2364 CO, and 00338 H,O. C=47-21; H=2-75. oo 
C,,H,,0;N,8,C,H,0,N, requires C= 47:21 ; H=2-29 per cent. ae 
The dichromate is precipitated as an olive-green powder when an HH jen ol 
acid solution of the chloride is added to aqueous potassium dichromate. thetines 
The substance does not melt below 240° : h | 
phenoxy 
0-1180 gave 0°0186 Cr,O,. Cr=10°79. the orig: 
C,,,H,,0,,N,8,Cr, requires Cr= 10°61 per cent. to be iso. 
Ethylation of the a-Hydroxide. 8. Phen 
a-3 : 9-Dinitro-S-phenetylphenazothionium Hydroxide.—Three grams of J thionium 
the sulphate of the a-base were dissolved in excess of 10 per cent. 9 *hloric ac 
aqueous alkali hydroxide. Small quantities of ethyl sulphate were @j " ten ti 
added to this from time to time, and after each addition the contents 9% “utrated 
of the flask were thoroughly shaken. The mixture was maintained at J Portions. 
50—60° by means of a water-bath, and during the process a copious J "ction i 
precipitate was formed, the end of the reaction being indicated by the and zine 
pale red colour of the supernatant liquid. When this condition was solution, ¢ 
reached, the solid was collected, then washed with ether to remove of zine dus 
adherent ethyl sulphate, and finally triturated with dilute aqueous sodium Volume of 
hydroxide. The product was.again collected, and then well washed with [iF diamino-de 
cold water ; when dry it weighed two grams. Further purification fur pherie oxy 
nished a-3 : 9-dinitro-S-phenetylphenazothionium hydroxide as a crimsou Hi "idly eff 
brown powder, which melted at 207—208°. The base is sparingly soluble MM ferric chic 
in cold concentrated hydrochloric acid, giving a yellowish-green soli- HE S-phenetyl 
tion, which, on treatment with excess of aqueous sodium hydroxide, Tenewed so 
turns at first rose-red with a bright orange fluorescence, and then, HB deep blue 


but solubl 
ueous so] 


ted fluores 


after the lapse of about an hour, yields a rose-red precipitate of the 
original substance. This behaviour, as already mentioned in the 
theoretical part of the paper, is distinct from that of the phenetyl: 
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sulphonium base which is obtained from phenetole and the dinitro- 
sulphoxide. The a-S-phenety] derivative is almost insoluble in boiling 
water : 

01044 gave 0:2160 CO, and 0:°0372 H,O. C=56:43; H=3-96. 
02226 ,, 0°1257 BaSO,. S=7°75. 

C,,H,,0;N,8 requires C=56-21 ; H=3:98 ; S=7-50 per cent. 


Benzoylation of the a-Hydroxide. 


On submitting the a-hydroxide to the usual process of aqueous 
alkaline benzoylation, the benzoyl derivative was precipitated as an 
insoluble, reddish-brown powder. ‘This was collected, and several 
attempts to purify it with various solvents were made, but in each 
case the benzoyl derivative decomposed, regenerating the a-hydroxide 
aud benzoic acid or its anhydride. This behaviour has previously 
ben observed with the benzoyl derivatives of simpler phenolic 
thetines (Barnett znd Smiles, Proc., 1908, 24, 123); for example, 
phenoxydiphenylsulphonium, on benzoylation, yields benzoic anhydride, 
the originally formed benzoyl derivative not being sufficiently stable 
to be isolated. 


Amino-derivatives. 


8-Phenetylthionine.—The chloride of dinitro-S-phenetylphenazo- 
thionium is reduced in alcoholic solution with zine dust and hydro- 
chloric acid. The finely-powdered chloride is covered with about eight 
or ten times its weight of absolute alcohol; to this mixture con- 
centrated hydrochloric acid is added, and then the zine dust in small 
portions. The mixture must be kept well stirred, otherwise the 
reaction is apt to be hindered by the caking together of the chloride 
and zine dust. As the reduction proceeds, the chloride passes into 
slution, and the liquid assumes a yellow tint. Finally, the excess 
of zine dust is removed, and, on pouring the clear solution into a large 
volume of cold water, a colourless precipitate of the chloride of the 
diamino-derivative is obtained. This is readily converted by atmos- 
pherie oxygen into the dyestuff, but the oxidation may be more 
rapidly effected by the addition of a few c.c. of concentrated aqueous 
ferric chloride. By adding a saturated solution of common salt, 
Sphenetylthionine chloride is precipitated, and may be purified by 
tenewed solution and precipitation. When dry, the substance forms a 
deep blue powder with a metallic lustre; it is insoluble in ether, 
bit soluble in water and in dilute mineral acids. Concentrated 
“{heous solutions exhibit dichroism ; the dilute are dull blue with a 
td fluorescence, Silk is dyed a slate-grey by this substance, 
5 U 2 
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Analysis showed that the air-dried compound contains three mole. 
cules of water of crystallisation, two of which are expelled at 100°: 
0°3256 air-dried substance lost 0°0262 H,O. H,O=8°0. 

©,)H,,ON,CIS,3H,O requires 2H,O = 8-2 per cent. 
Elementary analysis was conducted with a sample dried at 109° 
to constant weight : 
0°1205 gave 0°2644 CO, and 0°0552 H,O. C=59°85; H=5-09, 
01021 ,, 02229 CO, ,, 0°0482 HO. C=59°54; H=5-25, 
01161 ,, 0°0705 BaSO,. S=8°34. 
01251 ,, 106 cc. N, at 195° and 750mm. N=9°9, 
C,H, ,ON,CIS,H,O requires C=59°78 ; H=4:98 ; S=7-97; 
N = 10°46 per cent. 


Thi 
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S-Phenetylthionine hydroxide is precipitated as a_purplish-brown 
powder by the addition of aqueous sodium hydroxide to a solution of 
the chloride. It is insoluble in water and sparingly so in ether, to 
which it imparts a pale violet tint. Solutions in alcohol are pur- 
coloured, but without fluorescence : 

0°1556 gave 0°3759 CO, and 0°0789 H,O. C=65°88; H=5-64. 

071004 ,, 02408 CO, ,, 0°0496 H,O. C=65°33; H=550. 

C,)H,,0,N,8 requires C= 65°75 ; H =5:21 per cent. 

The platinichloride is a blue powder insoluble in water : I those o 

02248 gave 0°0390 Pt. Pt=17°36. 

(C,9H,.ON,S),PtCl, requires Pt = 17°66 per cent. 

The dichromate is a dark green powder : 

0°3623 gave 0:0600 Cr,O,. Cr=11°34. 

C,,H,,0,N,S,Cr, requires Cr = 11°40 per cent. 
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S-Hydroxyphenylthionine.—To prepare this substance, the chloride 
of a-dinitro-S-hydroxyphenylphenazothionium was reduced with zinc 
dust and hydrochloric acid by the same method as described {or 
S-phenetylthionine. 

S-Hydroxyphenylthionine chloride is sparingly soluble in cold water, 
but readily so in the hot medium; the dilute solutions are blue and 
the more concentrated, violet-in colour, especially when hot. Solutions 
in alcohol are blue with a red fluorescence. After being heated # 
100° until constant weight is attained, the substance retains ol 
molecule of water : 

02177 gave 0°4604 CO, and 0:0852 H,O, C=57-68; H=435. 

01150 ,, 0244100, ,, 00491 H,O. C=57:90; H=473. 

01412 ,, 00888 BaSO,. S=8-64. 

02010 ,, 00794 AgCl. Cl=9°75. 

C,,H,,ON,CIS,H,O requires C = 57°82 ; H=4:28 ; S=857; 
Cl= 9°50 per cent. 


_ Eee 
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The air-dried substance contains water, but apparently not in any 
definite molecular proportion : 

05776 lost at 100° 00444 H,O. H,O=7'7 

C,,H,,ON,SC1,2H,O requires 1H,O = 4°6 per cent. 
C,,H,,ON,SCI,3H,O __,, 2H,0 =8'8 - 

This chloride may be converted into the corresponding hydroxide by 
means of cold aqueous sodium hydroxide or a hot solution of sodium 
carbonate, but the former reagent dissolves the base, forming the 
sodium salt. S-Hydroxyphenylthionine hydroxide was therefore 
prepared by digesting the chloride with a 10 per cent. aqueous 
wlution of sodium carbonate at 60°. The base was purified by 
dissolving in alcohol and precipitating the solution with ether. 
When dry, the substance forms a brown powder, whicb is readily 
soluble in aqueous sodium hydroxide, sparingly so in hot water, and 
very slightly so in ether ; the solution in the latter medium is a pale 
violet and not fluorescent. It is readily soluble in alcohol. At 100°, 
this hydroxide retains one molecule of water : 

01842 gave 0°4314 CO, and 0:0800 H,O. C=63°86; H=4°83. 
0,,H,,0,N,8,H,O requires C= 64°09 ; H = 4-45 per cent. 

The tinctorial properties of the salts of this base are similar to 
those of the previously described phenetyl derivative. 

Experiments on the action of various alkaline reagents with the 
chloride were made by shaking the aqueous solution of the latter with 
the reagent in question, the mixture being covered with ether. The 
formation of the base was indicated by the violet tint of the ethereal 
layer. The results are summarised below : 


Reagents (aqueous). Result. 
Sodium acetate (cold) ............ No base formed. 
" fa CE aelsauScaeseen a - 
Sodium carbonate (cold) ......... —_— as 
" 9 (| errors Base formed. 
Ammonia (cold) ...........ssseesees: Base formed, but partly dissolved. 
Sodium hydroxide (cold) ......... Base formed, but completely dissolved as 


phenolic sodium salt. 


Derivatives of isoDinitro-S-phenylphenazothionium. 


isoDinitro-S-hydroayphenyl phenazothionium.—The sulphate of this 
base was obtained by condensing isodinitrodiphenylamine sulphoxide 
mith phenol by means of cold concentrated sulphuric acid. The 
method employed was similar to that described ina former paper 
(Trans,, 1908, 93, 145) for the condensation of phenetole with the 
wimeric p-dinitrodiphenylamine sulphoxide. The end of the reaction 
“indicated by the formation of a yellowish-green precipitate when a 
‘ést-portion of the liquid is added to water. The acid liquid, on being 
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poured into a large bulk of cold water, yields a copious precipitate of 
isodinitro-S-hydroxyphenylphenazothionium sulphate. The yield jg 
almost theoretical. This substance is an olive-green powder, very 
sparingly soluble in cold water, and moderately so in hot alcohol, 
Like the other dinitro-derivatives of this group, it is easily hydrolysed 
by boiling water to the parent base. To prepare the latter, the 


sulphate is triturated with warm aqueous sodium carbonate, the solid 0° 
is then collected, and washed with cold water until the filtrate js no 0° 
longer alkaline towards litmus. It is then dried, and finally purified 
by frequent precipitation from acetone solution with ether. When 8-, 
prepared in this manner, isodinitro-S-hydroxyphenylphenazothioniun the f 
hydrowide is obtained as an Indian-red powder, which melts somewhat 50°. 
indistinctly at 195—197°. It is readily soluble in aqueous sodium usual 
hydroxide, alcohol, or chloroform, and slightly so in hot water or JM impa 
ether. The solutions are reddish-brown, but none are fluorescent, and incon 
the substance is thus sharply distinguished from the isomeric di-p 01 
nitro-derivative, which, in ethereal solution, exhibits a fluorescence of 
peculiar brilliance : 
0:1800 gave 0°3586 CO, and 0:0554 H,O. C=54:34; H=342, 
01000 ,, 0°0613 BaSO,. S=8-40. 
C,,H,,0,N,8 requires C=54'14; H=3:26; S=8-00 per cent, 
The chloride has physical properties similar to those of the sulphate. 
When heated to 100°, it turns dark green, and then contains one 
molecule of water. A sample dried to constant weight at that 
temperature was analysed : CLX 
01006 gave 0°1824 CO, and 0:0318 H,O. C=49°45; H=3°9, 
C,,H,,O,N,CIS,H,O requires C = 49°61 ; H =3:22 per cent. . 
At a higher temperature, about 150°, the substance again undergoes 
a change, the remaining molecule of water being expelled ; at 205—210", 
it melts with frothing. A solution of the chloride in aqueous alcohol # Ty, ye 
exhibits a green and brown dichroism, which is probably due t 33, 4: 
partial hydrolysis, since it vanishes on the addition of mineral acid. sodium 
The picrate is a yellowish-green substance, which melts at 130. of its | 
The aqueous-alcoholic solution is orange in colour, indicating inorgay 
hydrolysis to the base and picrie acid: to the « 
0°1253 gave 0°2148 CO, and 0°0304 H,O. C=46°'76; H=2°30. Which 1 
C,,H,,0,;N,8,C,;H,O,N, requires C = 47:21 ; H =2°29 per cent. under 
Reduction of the chloride of the above-mentioned nitro-compound seemed 
with zine dust and hydrochloric acid in the usual manner, and sub tydrox 
sequent oxidation with ferric chloride of the diamino-derivative which of disti 
is formed, gives the dark blue S-hydroxyphenylisothionine chloridl. Nucl 
The substance, when crushed, exhibits a metallic lustre ; it imparts 4 teen wi 
blue colour to alcohol, in which it is freely soluble ; water is tinted af “latin, 
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reddish-violet. It may be noted that neither solution is fluorescent. 
The air-dried substance contains water, which is not completely 
expelled by prolonged exposure to a temperature of 100°. After 
being heated at this temperature until constant weight was reached, a 
ample retained three molecules of water for every two of the 
chloride : 

01389 gave 0°2883 CO, and 00590 H,O. C=56°63; H=4-72. 
01061 ,, 02190 CO, ,, 0°0461 H,O. C=56:28; H=4°83. 
C,H, ,ON,CIS,14H,0 requires C=56:46 ; H=4-44 per cent. 
S-Hydroayphenylisothionine hydroxide may be prepared by treating 
the finely-powdered chloride with aqueous sodium carbonate at about 
50°. This compound is deep purple in colour, and is soluble in the 
usual organic media or in aqueous sodium hydroxide, to which it 
imparts a reddish-brown tint. As with the chloride, the water is 
incompletely expelled at 100°: 

01750 gave 0°4010 CO, and 0:0698 H,O. C=62:48; H=4°43. 
C,,H,,0,N,8,}H,O requires C= 6243 ; H = 4°62 per cent. 
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CLXVL—A Reaction Distinguishing Phosphoprotein 
from Nucleoproten and the Distribution of 
Phosphoproteins in Tissues. 

By R. H. Apers Piimmer and F. H. Scorv. 


Two years ago one of us, in conjunction with Buyliss (J. Physiol., 1906, 
33, 439), observed that caseinogen when treated with one per cent. 
sodium hydroxide at 37° was decomposed in such a way that the whole 
of its phosphorus (except for a negligible quantity) was eliminated as 
inorganic phosphoric acid. This observation has now been extended 
to the other well-defined phosphoprotein, namely, vitellin of egg-yolk, 
vhich was found to behave in an exactly similar manner to caseinogen 
under the influence of one per cent. sodium hydroxide at 37°. It 
semed possible, therefore, that the action of one per cent. sodium 
hydroxide at 37° for twenty-four hours might serve as a simple means 
of distinguishing between phosphoproteins and nucleoproteins. 
Nucleoalbumins, or phosphoproteins as they are now termed, have 
been stated to occur in various tissues. As no one has succeeded in 
lating these substances from such tissues, we have made use of the 
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above reaction for testing various organs for phosphoprotein. Before was p 
the reaction of one per cent. sodium hydroxide could be put to know! 
any such use, its action on the other organic phosphorus compounds, 
namely, lecithin, glycerophosphoric acid, and nucleic acid, in the tissues was 
had to be determined. These compounds did not yield inorganic phos- metho 
phoric acid when submitted to the action of one per cent. sodium 439). 
hydroxide at 37°, as was expected from the known methods of aciditi 
preparation of glycerophosphoric acid from lecithin by boiling with precip 
baryta, and of nucleic acid from tissues by Neumann’s method, which acid W 
consists in heating the tissue to 70—80° with sodium hydroxide, ammo 

Besides these compounds, inorganic phosphates are also present phospl 
in tissues, and, on account of their presence, the direct application Plimm 
of the reaction led to no positive result. An increase in the amount course 
of inorganic phosphoric acid was always observed, but this was due then ¢ 
rather to the solution of the tissue in the alkali, with the ‘consequent the mi 
liberation of phosphoric acid, than to the decomposition of phospho- 
protein. 

Consequently, a method of examining tissues had to be devised, 
This consisted in coagulating the tissue with alcohol, thoroughly 
extracting the lecithin with alcohol and ether, and then treating the 
coagulated protein with one per cent. sodium hydroxide at 37°, after 
the inorganic phosphates had been removed by repeated extraction 


with very dilute acid. By this method, also, determinations of the were ti 
amount of the various kinds of phosphorus contained in the tissues The vi 
can be made. The pancreas alone of the tissues so examined was passed 
found to contain phosphoprotein ; the amount of phosphorus thus vala, a 
present amounted to 3 per cent. of the total phosphorus. from t 

The experiments have also been extended to the ova of fishes, from phosph 


which the substances ichthulin, ichthin, etc., have been isolated ; inorga: 
these are regarded as phosphoproteins. Their presence was confirmed P,0; 
by this method. 

The principal distribution of phosphoproteins thus appears to be in 
those substances which form the food-stuffs of the embryo bird 


and fish and the young mammal. . Time. 
15 hours 

EXPERIMENTAL. 4, 
I. Separation of Phosphorus from Vitellin. d days 


A. Action of One per cent. Sodium Hydroxide.—The vitellin employed 


in these experiments was either prepared by the usual method or by B. 4 
that described by Osborne and Campbell in 1900 (see Plimmer, Trans., caseino 
1908, 93, 1500). acid dit 

Experiment 1.—Five grams of vitellin were suspended in 200 c.c. of inorgar 


water, and 60 c.c. of N-sodium hydroxide were added. The mixture phosphe 
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was placed in an incubator at 37°, and from time to time samples of 
known volume (50 c.c.) were withdrawn with a pipette and precipitated 
by an equal volume of tannic acid solution ; the soluble phosphorus 
was estimated in a known volume of the filtrate by Neumann’s 
method as modified by Plimmer and Bayliss (J. Physiol., 1906, 33, 
439). At the same time, other samples of 50 c.c. were removed and 
acidified by a known volume of acid; in the filtrate from the 
precipitate formed by the addition of acid, the inorganic phosphoric 
acid was estimated as magnesium pyrophosphate by precipitation with 
ammonium magnesium citrate. The complete precipitation of inorganic 
phosphoric acid by this method was previously demonstrated by 
Plimmer and Bayliss, and has been repeatedly verified during the 
course of these experiments (see below). All values so obtained were 
then calculated for the 50 c.c. sample, the total quantity of P,O, in 
the mixture being estimated in a special sample of 10 c.c. 


Soluble P.O, Inorganic P.O, 
Time. (milligrams). (milligrams). 
0 -_ pe 
24 hours 21°6 17°4 
48 ,, 22°] 17°6 
DOOR. siccs ccd 22°8 


Experiments 2 and 3.—In these experiments, 5 grams of vitellin 
were treated with 525 c.c. of ove per cent. sodium hydroxide at 37°. 
The vitellin dissolved slowly, and in three hours had not completely 
passed into solution. Samples of 100 c.c. were withdrawn at inter- 
vala, and precipitated by 2 c.c. of glacial acetic acid. In the filtrate 
from the precipitate formed by the addition of the acid, the soluble 
phosphorus was estimated by Neumann’s modified method, and the 
inorganic phosphoric acid as magnesium pyrophosphate. The total 
P.O; was estimated in a special sample of 10 c.c. All values calculated 
for 100 ¢.c. sample. 


EXPERIMENT II. EXPERIMENT III. 
Soluble P,O, Inorganic P,0, Soluble P,O, Inorganic P,O, 
Time. (milligrams). (milligrams). Time. (milligrams). (milligrams). 
10°4 0°5 0 1°6 0 
15 hours 23°3 24°5 7 hours 22°6 20°4 
“4, 28:4 25°3 % 5 24°0 23°5 
" 29°7 24°5 en 25°2 24°8 
4 days 31°0 26°6 11 days 27°2 24°5 
Total ... 34°2 Total ... 26°6 


B. Action of One per cent. Hydrochloric Acid.—Just as in the ease of 
caseinogen, the action of one per cent. and 4 per cent. hydrochloric 
acid differs markedly from that of one per cent. alkali on vitellin. No 
organic phosphoric acid is formed, and only after many days is the 
phosphorus in caseinogen completely separated in a soluble form. 
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Five grams of vitellin were treated with 500 c.c. of water and 15 c¢, 
of concentrated hydrochloric acid at 37°. Samples of 100 c.c. were 


: Il. 
removed at intervals and filtered ; the soluble P,O; and inorganic 
P.O, were estimated in known volumes of the filtrates by the above. It 
described methods. All values calculated for 100 c.c. sample. alkal 
; ' heati 
One per cent. Hydrochloric Acid. Four per cent. Hydrochloric Acid, the p 
Soluble P,O, Inorganic P,O, | Soluble P,O; Inorganic P,0, on th 
Time. (milligrams). | Time. (milligrams). - It: 
0 0 0 | 0 2°8 0 
184 hours trace 0 1 day 8°2 0 phosp 
5 days 10°1 0 | 4 days 25°2 0 alkali 
86 ,, 31°1 0 20 ,, 23°1 0 os 
105 ,, 34°2 0 a . 25-4 0 casei 
Total... 33°6 | Total ... 27°9 ke, 
° : . : , Neum 
An experiment carried out with caseinogen in exactly the same wsdl 
manner, in which the acidity was 1°3 per cent., gave the values: fei 
Soluble P.O; Inorganic P,0; citrat 
Time. (milligrams). modifi 
0 trace 0 
20 hours te 0 Ex 
2 days 5:1 0 nucle; 
6 ” 3°8 0 o- 
24 ,, 9°5 0 wg 
Total......... 35°5 os 
solubl 
We thus see that both vitellin and caseinogen are very stable filtrat 
towards acid, whereas they are decomposed by one per cent. alkali in tated 
such a way that the whole of the phosphorus is separated as inorganic Value 
phosphoric acid. The small residue which remains, just as in the case sampl 
of caseinogen, seems to be due to the presence of nuclein or nucleo- 
protein in the vitellin employed. 
C. Action of Pepsin.—It was of interest to examine the behaviour 
of vitellin and of caseinogen to pepsin ; just as with acid, no inorganic 
phosphoric acid is formed, and the solution of the phosphoprotein takes 
place slowly. 
(a) | (6) 
10 grams vitellin+1000 c.c. 0-4 20 grams caseinogen + 850 c.c. 04 Exp 
per cent. HCl+0°1 gram pepsin. | per cent. HCl +0°2 gram pepsin. from | 
Soluble P,O, Inorganic P,O, Soluble P,O, Inorganic P,0; hydro 
Time. (milligrams). Time. (milligrams). tested 
0 0 0 0 70 0 P.O, i 
25 hours 0 0 20 hours 13°9 0 é- 
2 days 0 0 28 ,, 15°8 0 results 
68 ,, 8°2 0 2 days 15°2 : Exp 
Total... 14°6 ; oe 18°4 - 
| 24 ,, 20°3 0 le. 
| Total... 34:2 moved 


woditie 
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Il. Separation of Phosphorus from Nucleic Acid and Nucleoprotein. 


It is well known that nucleic acid is very resistant -to the action of 
alkali. Neumann’s method for preparing nucleic acid consists in 
heating the tissue to 70—80° with 3 per cent. sodium hydroxide in 
the presence of sodium acetate for half an hour to two hours, depending 
on the variety of nucleic acid which is required. 

It was, however, necessary for the purpose of distinguishing between 
phosphoprotein and nucleoprotein to investigate the action of acid and 
alkali on nucleic acid and nucleoprotein in the same way as with 
caseinogen and vitellin. 

Experiment 1.—Fifty c.c. of a solution of sodium nucleate prepared by 
Neumann’s method from testis were mixed with 50 c.c. of 10 per cent. 
sodium hydroxide and kept at 37°. Samples of 10 c.c. were withdrawn at 
intervals, and tested for inorganic phosphate by ammonium magnesium 
citrate. The total P,O, in the solution was estimated by Neumann’s 
nodified method. The results are tabulated below. 

Experiment 2.—Fifty-two c.c. of the same solution of sodium 
nucleate were treated with 15 c.c. of concentrated hydrochloric acid and 
37 cc. of water at 37°. Samples of 5 c.c. were withdrawn at inter- 
vals and precipitated by an equal volume of tannic acid, and the 
soluble P,O, was estimated by Neumann’s modified method in the 
filtrate. At the same time, samples of 10 c.c. were removed and precipi- 
tated by ammonium magnesium citrate for inorganic phosphoric acid. 
Values calculated for 5 c.c. sample. Total P,O, estimated in 5 c.c. 
sample. 


EXPERIMENT I, EXPERIMENT II. 
Inorganic P,O, Soluble P,O; Inorganic P,Os5 
Time. (milligrams). | Time. (milligrams). (miliigrams). 
0 ? trace | 0 — -= 
24 hours ? trace 24 hours — trace 
5 days ? trace | 44 ,, _ trace 
Total ...... 13°6 | _5 days 9°6 1°9 
a ee 10°4 4°0 
| Total ... 18°1 


Experiment 3.—One gram of nucleic acid prepared by Levene’s method 
from herring testis was treated with 270 c.c. of one per cent. sodium 
hydroxide at 37°. Samples of 50 c.c. were withdrawn at intervals and 
tested for inorganic phosphate by ammonium magnesium citrate. Total 
P.0, in 10 ce. was estimated by Neumann’s modified method. The 
results given below are calculated for 50 c.c. samples. 

Experiment 4.—One gram of the same nucleic acid was treated with 
250) ec, of N-hydrochloric acid at 37°. Samples of 50 c.c. were re- 
moved and tested for inorganic phosphate. Total P,O, by Neumann’s 
woditied method. 


ee 


1704 PLIMMER AND SCOTT: A REACTION DISTINGUISHING 


EXPERIMENT III. EXPERIMENT IY. plyee 
: , ; gene 
Time. Inorganic P,O,. | Time. Inorganic P,0,, phos 
0 0 0 0 
24 hours 0 2 days 0 woul 
. rh : 4 5, 0 deter 
5 = 0 a . quite 
Total =15°2 milligrams. Total=15°8 milligrams. Ba 
: " F , dade treat 
Experiment 5.—A solution of nucleoprotein (testis) in ammonia was of 1 
treated with an equal volume of 10 per cent. sodium hydroxide at 37°, atin 
Samples were removed at intervals and precipitated by an equal volume nod 
of tannic acid,» and the soluble P,O, was estimated in the filtrate, Rr 
Other samples were removed and tested with ammonium magnesium pt 
citrate for inorganic P,O,. of 10 
Experiment 6.—One hundred and fifty c.c. of the same solution of dion 
nucleoprotein were neutralised and treated with 50 c.c. of hydrochloric 
acid and 100 c¢.c. of water at 37°. Samples were removed and filtered, 
Soluble P,O, and inorganic P,O, were estimated in the filtrate by the 
usual methods. 
EXPERIMENT V. | EXrERIMENT VI. 
; Inorganic 
Soluble P.O, Inorganic | Soluble P,O, PO, 
Time. (milligrams). P,O;. Time. (milligrams). (milligrams.) 
0 0°0 0 | 0 _— — 
24 hours 59 0 4 days 6°6 2*4 
5 days 57 0 | aS. és _ 87 The 
2 ” ali 0 i 67 quant: 
Total cases i323 | . 
did ne 
In another experiment, an aqueous extract of testis was freed from The 
lecithin and inorganic phosphates and treated with an equal volume of yolks 
2 per cent. sodium hydroxide. The soluble nucleic acid present in the out th 
pe y P 
solution was not decomposed in five days with the formation of alcoho 
inorganic phosphoric acid. Exp 
These experiments thus definitely show that there is a distinct with 2 
difference in the behaviour of vitellin and caseinogen and of nucleic of 50 
acid and nucleoprotein to one per cent. sodium hydroxide. The former of gla 
are unstable, the latter stable. On the other hand, nucleic acid and filtrati 
nucleoprotein are less stable to hydrochloric acid than the phospho- Usual } 
proteins, inorganic phosphoric acid being eliminated from them during as it W 
the course of several days, whereas no inorganic phosphoric acid is special 
separated from the phosphoproteins. Exp 
of conc 
III. Separation of Phosphorus from Glycerophosphoric Acid and HCl), 
Lecithin. * The 
. . , . Vessel ; 
Besides nucleoprotein and phosphoprotein (or nucleoalbumin), t¥o blot 


other phosphorus-containing substances are found in all tissues, namely, 
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glycerophosphoric acid and lecithin. Glyceropbosphoric acid is 
generally obtained by boiling lecithin with baryta. The separation of 
phosphoric acid from them by one per cent. sodium hydroxide at 37° 
would therefore not be expected, but it was essential for the purpose of 
determining the presence of phosphoprotein in the tissues to make 
quite certain of the stability of these substances. 

Experiment 1.—Five c.c. of glycerophosphoric acid (Merck) were 
treated with 180 c.c. of one per cent. sodium hydroxide at 37°. Samples 
of 10 c.c. were removed at intervals, and the inorganic P,O, was 
estimated as magnesium pyrophosphate. Total P,O, by Neumann’s 
nodified method. 

Experiment 2.—Five c.c. of glycerophosphoric acid (Merck) were 
treated with 175 ¢.c. of one per cent. hydrochloric acid at 37°. Samples 
of 10 c.c. were removed at intervals, and tested for inorganic P,O, as 
above. Total P,O, by Neumann’s modified method. 


. EXPERIMENT I, EXPERIMENT II. 
| 

@ Inorganic P.O, Inorganic P,O, 
Time. (milligrams). Time. (milligrams). 

0 1°0 0 1°3 

18 hours 0-9 18 hours 10 

os 09 24 0°8 

4 days 10 4 days 13 

) 107 4, 11°8* 107 ,, 1°9 

po | 24°8 TOU sicins 311 


The solution of glycerophosphoric acid thus contained a minute 
quantity of inorganic phosphoric acid at the commencement, but this 
did not increase in amount. 

The lecithin employed in these experiments was prepared from egg- 
yolks by extracting with ether, evaporating the solvent, and dissolving 
out the lecithin contained in the extract by means of alcohol. The 
alcoholic solution was concentrated to a volume of 400 c.c. 

Experiment 1—Two hundred c.c. of lecithin solution were mixed 
with 200 ¢.c. of 2 per cent. sodium hydroxide and kept at 37°. Samples 
of 50 ce. were withdrawn at intervals, and precipitated by one c.c. 
of glacial acetic acid. Fifty c.c. of water were then added to facilitate 
filtration. Soluble P,O, and inorganic P,O, were estimated by the 
usual method. No determinations could be made with the first sample, 
as it was impossible to filter it clear. Total P,O, was estimated in a 
special sample of 5 c.c. 

Experiment 2.—Two hundred c.c. of lecithin were mixed with 15 c.c. 
ofeoncentrated hydrochloric acid in 200 c.c. of water (=2 per cent. 
HCl), Samples were withdrawn at intervals and filtered. The filtrate 
* The precipitate was probably silica, due to the action of the soda on the glass 


Yesel; the solution at the same time contained flakes of silica, but was filtered 
telore testing for inorganic POs, 
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A. 
ascert 
which 


always contained fatty acid, so that no determinations of inorganic 
P.O, could be made. The filtrate was tested by the reagent employed 
by Scott for detecting phosphates in tissues (J. Physiol., 1906, 35, 


119). pucle 
EXPERIMENT I. EXPERIMENT II, they t 
Soluble P,O, Inorganic P,O, | Soluble P,O; Inorganic P,0. portio 

Time. (milligrams). | Time. (milligrams). i Ex 

0 -- — | 0 — 0 - 

6 hours 97°3 0 6 hours — 0 00 ¢. 
Mw 97°3 0 | 24 ,, 0 of 10 
48 ,, 93°5 0 | 48 ,, ate 0 ‘an 

5 days 94°8 0 | 65 days 0 ea 
11 ”” =< 0 ll ” “= 0 yolum 

Total ... 97°6 | Total ... 98:9 P.O | 


mague 
specia. 
100 «. 


No inorganic phosphoric acid is thus formed from these compounds 
under the above conditions. The stability of the phosphorus in them 


is therefore considerable ; even boiling with 2.V-nitric acid for one and Exp 
a-half hours does not separate inorganic phosphoric acid from lecithin ; with | 
the presence of inorganic phosphoric acid was observed only after five temper 
hours. experi 


IV. Action of One per cent. Sodium Hydroxide on Tissues. 


Having thus found that the phosphoproteins alone amongst the 
phosphorus-containing compounds in the animal body are acted on by 
one per cent. sodium hydroxide in such a way that their phosphorus is 
eliminated as inorganic phosphoric acid in twenty-four hours at 37°, it 
was possible to employ this reaction as a means of detecting phospho- 
proteins in the various tissues of the body, and verifying the statements 
to be found in all the text-books on physiological chemistry, that 
nucleoalbumins (now phosphoproteins) are very widely distributed in 
the animal organism and are present in almost all cells. The evidence 
on which these statements are based appears to be due simply to the 
presence of phosphorus in substances prepared from extracts of tissues, 
and from the fact that no purine bases have: been obtained from them 
by hydrolysis with acids. The formation of purine bases by hydrolysis 
is at present the only means of distinguishing between nucleoproteius 
and phosphoproteins. The separation of the purine bases is a matter 
of considerable difficulty, but they can be tested for by precipitation 
with silver nitrate in ammoniacal solution. Further, it is very doubt- 
ful whether all the substances described as nucleoalbumins* have beet 
tested for nucleoprotein by this method, and whether the inorganic 
phosphates present in all tissues have been excluded. 


There i: 
0,5, ax 
marked 
amount 
experin 


one pel 
gelatine 
On ace 
interval 


* Many of the substances described as nucleoalbumins are undoubtedly nucleo and j 
Ino 


proteins. 
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A. Egg-yolk.—Before examining the tissues, it was advisable to 
ascertain the action of one per cent. sodium hydroxide on egg-yolks, 
hich contain both lecithin and phosphoprotein with a small amount of 
pucleoprotein. No inorganic phosphates are present in egg-yolks, and 
they thus differ from tissues which contain in addition a greater pro- 
portion of nucleic acid and nucleoprotein. 

Experiment 1.—Three egg-yolks weighing 50 grams were mixed with 
500 c.c. of one per cent. sodium hydroxide and kept at 37°. Samples 
of 100 cc. were withdrawn at intervals and precipitated by 
ec, of glacial acetic acid. Soluble P,O, was estimated in a known 
volume of the filtrate by Neumann’s modified method, and inorganic 
P,0, as magnesium pyrophosphate by precipitation with ammonium 
maguesium citrate. The total PO, in the solution was estimated in a 
special sample of 10 c.c. All values are calculated for a sample of 
100 c.c. 

Experiment 2.—Three egg-yolks weighing 48 grams were treated 
with 500 c.c. of one per cent. sodium hydroxide at the ordinary 
tmperature. Samples of 100 c.c. were withdrawn and treated as in 
experiment 1. Values calculated for 100 c.c. samples. 


EXPERIMENT I, EXPERIMENT II, 
Soluble P,O, Inorganic P,O, Soluble P,O; Inorganic P,O,; 
Time. (milligrams). (milligrams). Time. (milligrams), (milligrams). 
0 9°1 52 0 9°1 4°9 


5 hours 69°2 16°7 5 hours 40°5 10°0 

2, 109°3 28-2 is 81°6 15°0 

0 ,, 110°6 38°1 1 oe y 90°8 16°6 

ae 113°2 33°7 | 48 ,, 97°3 19°8 
Total ... 121°7 Total ... 120°5 


Inorganic phosphoric acid is thus completely separated from egg- 
yolk by one per cent. sodium hydroxide at 37° in about thirty hours ; 
at the ordinary temperature, the separation is not complete in this time 
There is a distinct increase of inorganic phosphate noticeable between 
),5,and 22 hours, and also 30 hours, but at this stage it is not so 
watked, The amount of inorganic phosphate is about one-third the 
mount of soluble P,O, in experiment 1, and about one-fifth in 
experiment 2. 

B. Pancreas (Ox). Experiment 3.—Three hundred and forty-five 
grams of minced material were thoroughly mixed with 1000 c.c. of 
one per cent. sodium hydroxide and kept at 37°. A somewhat 
gelatinous solution resulted, and the first sample was difficult to obtain 
2 account of lumps. Samples of 100 ¢c.c. were withdrawn at 
uervals and precipitated by 2 c.c. of glacial acetic acid. Soluble P,O,; 
iu inorganic P.O, were estimated in the filtrate by the usual methods, 
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Values calculated for 50 c.c. sample. The results are tabulated 
below. 

C. Lymphatic Glands (Ox). Experiment 4.—Ninety-three grams of 
minced material were treated with 500 c.c. of one per cent. sodium 
hydroxide at 37°. Samples of 100 c.c. were taken at intervals and 
treated as described under B. 

D. Thymus (Ox). Haperiment 5.—One hundred and forty grams of 65 
minced gland were treated with 1000 ¢c.c. of one per cent. sodium 
hydroxide at 37°. Samples of 100 c.c. were taken and treated as 
under B. 

Experiment 6.—Sixty grams of minced thymus were treated with 
1000 ¢.e. of one per cent. sodium hydroxide at 37°. Samples of 100 ec 
were removed and examined as under B. 

K. Liver (Dog). Lxperiment 7.—Two hundred and twenty-one grams 
of minced liver were mixed with 500 c.c. of one per cent. sodium 
hydroxide and kept at 37°. Samples of 100 c.c. were taken at 
intervals and acidified with 2 c.c. of glacial acetic acid. Soluble PO, 
and inorganic P,O, were estimated in the filtrate as under B, 

F. Kidney (Dog). Eaperiment 8.—Thirty-nine grams of minced 
material and 350 c.c. of one per cent. sodium hydroxide were kept at 
37°. Samples of 100 c.c. were taken and treated as under B. 

G. Testis (Ox). Eaperiment 9.—Five hundred and twenty grams of 
minced testis were mixed with 1000 c.c. of water. Seventy-five cc. 
were removed and acidified. Soluble P,O, and inorganic P,O, were 
estimated in the filtrate and calculated for 50 ¢.c. sample. The values 
were 33°0 milligrams of soluble P,O, and 17°9 milligrams of inorganic 
P,O,. To remainder of mixture, 500 c.c. of V-sodium hydroxide were 
added ; alkalinity =one per cent. Samples of 150 c.c. were removed 
and precipitated by 3 c.c. of glacial acetic acid. Soluble P,0,, 
inorganic P,O,, and also soluble .V, by Kjeldahl’s method, were esti- 5d 
mated in the filtrate and calculated for 50 c.c. sample. The results are 
given below. 

Experiment 10.—Two hundred c.c. of minced testis were squeezed 
through cloth to remove lumps, and then mixed with 400 c.c. of water 
and 200c.c. of 10 per cent. sodium hydroxide ; alkalinity =2 per cent. 
Samples of 100 ¢.c. were removed and precipitated by 5 c. of 
glacial acetic acid. Soluble P,O,, inorganic P,O,, and soluble ¥, by 
Kjeldahl’s method, were estimated in filtrate. All values calculated 18 
for 50 c.c. sample. 


PHOSPHOPROTEIN FROM NUCLEOPROTEIN. 1709 

lated B. Pancreas, EXPERIMENT III. C. Lymphatic Glands, EXPERIMENT IV. 
ate 

Soluble P,O; Inorganic P.O, Soluble P,O, Inorganic P,O, 


Time. (milligrams). (milligrams). Time. (milligrams). (milligrams). 
ns of 0 27°2 11°4 | 0 9°7 7" 


lium 17 hours 111°5 18°1 18 hours 31°4 
4 ,, 115°7 18°2 24 45 30°4 


Nee ee 
SOWwWNNNs~ 
News 


ns 11777 18°4 _ 32°9 
ened 119°7 18°4 48 ,, 33°3 
ns of 2 118°3 19°9 7 days 40°8 
lium 3 days el a Total... 52°6 
+ ” 20° 4 
d as 10 ,, vere 20°3 
119 ,, 130°6 23°6 
Total ... 128°7 | 
with 
) ee ; ‘ 
D. Thymus, EXPERIMENT V. D. Thymus, EXPERIMENT VI. 
rams Soluble P.O, Inorganic P.O, Soluble P.O, Inorganic P.O; 
lism Time. (milligrams). (milligrams). Time. (milligrams). (milligrams). 
0 10°7 5°0 0 6'1 2°9 
D at 7 hours 22°3 10°4 7 hours 9°4 5°8 
P.0. 4 ,, 25°5 10°2 a 13°6 41 
' ~~ 25°5 10°9 - 2 14°9 5°5 
48, 23°9 10°1 . ww 3°9 5°9 
need 5 27°2 11:2 55 4, 13°9 56 
3 days 27°5 10°4 3 days 13°9 5°3 
pt at iy 28-4 10°2 “Bie: 15°2 5:3 
i 27°5 10°9 ae Gs 15°2 4°5 
ns of Total... 65°9 Total... 34°2 
 €.0, 
were FE. Liver, ExrertmMent VII. F. Kidney, Experiment VIII. 
o ! 
ales Soluble P,O, Inorganic P,O, | Soluble P,O; Inorganic POs 
ganic Time. (milligrams), (milligrams). Time. (milligrams). (milligrams). 
0 22°0 11°9 0 3°6 2°6 
were 
18 hours 73'1 16°8 18 hours 21°0 6'1 
oved 78°3 17°5 24 ,, 19°4 6-2 
”,0., Se » 84:7 177 5 days 19:0 74 
enti- - 52 8 19°1 Total ... 26°6 
5 days 87°9 18°5 
a are Total... 88°8 
. G. Testis, EXPERIMENT IX. G. Testis. EXPERIMENT X. 
ater 
cent Soluble Inorganic —— — Solubl 
P.O; P.O; Soluble | 05 005 Soluble 
¢ (milli- (milli- N (milli- (milli- N 
¥ by Time. grams), grams). (gram). Time. grams). grams). (gram). 
’ a = > 
0 31:0 15°7 0°0450 0 336 17°0 0°1036 
lated 18 hours 53°3 17°9 01014 | 20 hours 58°6 19°3 071113 
a » — -62°1 18:4 01071 | 26 ,, 57°9 187 01176 
$,, 68 179 01249 | 48 ,, 60° 8° 127 
Sdays £271 19°2 0°1342 | 70 ,, 60°9 20°35 0°1344 
” 52°7 177 O°1585 hdays 606 19°3 071463 
” 58°8 18°2 0°1913 BY a 61°6 20°2 0°1603 
4, © 58°2 18-9 0°1963 Total ... 68°5 0°3682 
49, 62°4 237 a 
Total ... 66°6 0°2072 | 
VOL. XCIIL. 5 X 
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In the case of these tissues, it is seen that the soluble P.O, increases 
very rapidly during the first twenty-four hours and then remains 
almost constant. A well-marked rise also occurs in the amount of 
the inorganic phosphoric acid between the first and second samples, 
There is no progressive rise in its amount as is observed in the case of 
egg-yolk. This rise might be taken to indicate the presence of phos. 
phoprotein in the organs, but it is really due to the presence of in- 
organic phosphates in the tissues, which are only completely liberated 
when the tissue has passed into solution, a process which requires the 
same length of time ; no increase is noticeable in its amount between 
the periods of seven hours or eighteen hours and twenty-four hours, as 
would be expected if phosphoprotein were present. The smallest 
increase is noticeable in the experiments with testis; here the organ, 
after mincing, consists of a thin cream containing only small lumps, and 
in the second experiment, the lumps were removed by straining through 
acloth. Further, an attempt made to estimate the amount of inorganic 
phosphate before the tissue was treated with alkali indicates that the 
quantity of phosphate before and after the action of alkali for twenty 
hours was the same. A similar rise occurs if the organ is treated with 
5 per cent. sulphuric acid, which does not act on phosphoproteins, as 
the following experiment (1) shows. 

1. Four hundred and ninety grams of testis and 2000 c.c. of ap- 
proximately V-sulphuric acid were incubated at 37°. Samples of 50 c.c, 
were removed and precipitated by 50 ¢.c. of tannic acid. Soluble P,0, 
was estimated in the filtrate by Neumann’s modified method. At the 
same time, a portion of the mixture was filtered, and 50 c.c. precipitated 
by ammonium magnesium citrate for inorganic P,O;. Total P,O, was 
estimated in a special sample of 10 cc. All values calculated for 
50 c.c. sample. 

In another experiment (2), the complete precipitation of inorganic 
phosphates in the presence of organic matter was specially tested for ; 
as previously found by Plimmer and Bayliss, and frequently verified 
during the course of these experiments, the presence of organic matter 
does not inhibit its complete precipitation. 


Three hundred and twenty grams of testis and a 1000 c.c. of 2¥- _ 
hydrochloric acid were kept at 37°. Samples taken as before. In- with 
organic P,O,, however, was only estimated at three-day and eight-day “ee 
intervals, but here 10 c.c. of potassium dihydrogen phosphate were Me 
also added to show that complete precipitation occurred : _ 
50 c.c. gave 0°0278 gram Mg,P,0, ke 
50 c.c.+10¢.c. KHoPO, gave 0°0586) Mean= 0°0272 gram MgyP 0p wen | 

gram Mg,P.,0, mie —o- . pe tener 2 ).. e 

10 c.c. KH,PO, gave 0-0320 ( Dif. = 0°0266 =17°4 milligrams P10, Samp] 
gram Mg.P.O, | 
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50c.c. gave 0°0298 gram Mg,P.0- 
Bes. + Woe RMEU, gare $00ls Mean= 0°0295 gram Mg,P.O;. 


- MgsPaOh PO, gave 00320 - Diff. lpi =18°9 milligrams P,O,. 
oe Ce ot U4 BF | 


gram M g.P,0, 


EXPERIMENT I. EXPERIMENT II. 
Inorganic Inorganic 
Soluble PO; P.O; Soluble P,O, P.O; 
Time. (milligrams). (milligrams), Time. (milligrams). (milligrams). 
0 13°2 5-1 0 20°0 a 
16 hours 33°5 6°9 16 bours 50°5 — 
3 40°8 11:0 24 ,, 55°0 _ 
43°4 10°6 48 ,, 59°3 —- 
3 days 43°4 = 3 days 61°2 17°4 
i 49°2 — ‘i 62:1 ~ 
4 50°0 ~ . 64°2 18°9 
7 ” 50°0 12°4 Total...... 67°2 
Total...... 558 


We may conclude, therefore, that phosphoproteins are not present in 
the above tissues. 

In addition to the supposed presence of phosphoproteins in the above 
tissues, the substances known as ichthulin, ichthin (Hammarsten, 
Leu buch der physiologischen Chemie), etc., prepared from the eggs of 
fishes, are regarded as phosphoproteins, as they contain a considerable 
amount of phosphorus and are usually obtained in the manner 
employed for preparing vitellin. It was therefore desirable to examine 
the behaviour of these organs towards one per cent. sodium hydroxide. 
The following experiments have been performed : 

Experiment 1.—Three herring ovaries (67 grams) were treated with 
810 cc. of one per cent. sodium hydroxide at 37°. Samples of 100 c.c. 
were removed and precipitated by 2 c.c. of glacial acetic acid. Soluble 
P.O; and inorganic P,O, were estimated in the filtrate. Values 
calculated for 50 e.c, sample. 

Experiment 2.—Four herring ovaries (93 grams) were mixed with 
1700 c.c. of one per cent. sodium hydroxide. Samples removed as in 
experiment 1, 

Experiment 3.—Three mackerel ovaries (56 grams) were treated 
with 1000 c.c. of one per cent. sodium hydroxide at 37°. Samples 
removed as in experiment 1. 

Experiment 4.:—Two hundred and thirty grams of cods’ ovaries were 
nixed with 600 ¢.c. of one per cent. sodium hydroxide, and kept at 
37°. Samples removed as in experiment 1. 

Experiment 5.—One hundred and twenty-two grams of cods’ ovaries 
Were treated with 350 c.c. of one per cent. hydrochloric acid at 37°. 
‘amples removed and filtered. Soluble P,O, and inorganic P,O, were 


= 


6x2 
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esti mated in filtrate in the usual way. All values calculated for 
50 c.c. sample. 


EXPERIMENT I. EXPERIMENT II. 
Inorganic Inorganic 
Soluble P.O; P.O; Soluble P.O, 20; 
Time. (milligrams). (milligrams), Time. (milligrams). (milligrams), 
0 18°7 7°6 0 10°77 5 
17 hours 37°2 14°9 17 hours 28°1 
24 38-2 15°1 24 ,, 29°1 
| 38°2 15°4 | ee 29°1 
_ 37°2 14°5 49 ,, 28°4 
3 days 36°9 14°8 3 days 29°7 
ee 36°2 14°9 7 28°4 
i. — 39°3 Tetel....... 31‘1 a 
EXPERIMENT III. EXPERIMENT IY. from 
Inorganic Inorganic furthe 
Soluble P.O, P.O; Soluble P.O, P.O, amoul 
Time. (milligrams). (milligrams). Time. (milligrams). (milligrams). hose 
0 147 8°5 0 29°8 18°7 = 
3hours 251 10°1 3hours = 39°8 20'1 Sufi 
20 ,, 32°3 15°0  « 73°7 263 of pho 
24 ,, 32°8 16°6 24 ,, 75-0 26-9 
$2°3 16°5 48 ,, 78°9 29°2 ovarie 
yea ont 16°8 3 days 80°8 315 metho 
ia —_- 16°2 S és 80°8 _ 
3 days 32°3 16°7 Pon 82'1 34:1 the va 
Total...... 34-9 Total...... 79°9 be est 
extrac’ 
EXPERIMENT V. and et, 
Soluble P.O, Inorganic P.O, and th 
Time. (milligrams). (milligrams). with o 
0 317 — hours. 
17 hours 43°1 17°6 A 
48 ,, 48°8 18-0 = 
5 days 57°7 14°9 mixed 
_ 74°8 the pre 


coagule 
eylindr 
long, w 
tionatir 
from tl 
thorous 
by insey 
meyer f 


Just as in the case of the tissues, the results with the ovaries of 
fishes seem to indicate the presence of phosphoprotein ; there is an 
increase of inorganic P,O, as wellas an increase of soluble P,O,, which 
is very small in comparison. It is scarcely sufficient to demonstrate 
the presence or absence of phosphoprotein in the ovaries, the marked 
increase occurring at a period of about seventeen hours. For further 
proof of the presence of phosphoprotein, preparations were made from 
the ovary of the mackerel and of the cod by grinding the organs with 


P aya end so t 
sand, extracting them with 10 per cent. sodium chloride, precipitating or othe 
with water, and repeating the process once more. Lecithin was removed tne 
by boiling with alcohol and ether. The preparation from mackerel after sis 


ovaries showed cnly a trace of phosphorus, but that from cod con- 


tained 0°64 per cent. 3°5 Grams of this preparation were treated A si 


1905, 1, 2 
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with 350 c.c. of one per cent. sodium hydroxide at 37°, with 
following result : 


Soluble P.O, Inorganic P,O; 
Time (milligrams). (milligrams). 
0 trace 13? 
6 hours 3°9 _ 
Sas 3-2 2-9 
48 ,, 3°9 3°9 
3 days 3°9 52 
. a 3°9 3°9 
Total. ..0<000 4°4 


Although the differences here are so small, a distinct increase in the 
amount of inorganic P,O, is noticeable in the periods 0, 24, 48 hours, 
from which it may be concluded that phosphoprotein is present ; 
further, the amount of inorganic P,O, is nearly the same as the 
amount of the total P,O,, which again points to the presence of 
phosphoprotein in ichthulin from cods’ ovaries. 

Sufficient evidence for actually deciding on the presence or absence 
of phosphoprotein, both in the organs of the animal body and in the 
ovaries of fishes, is not really given by the above results. Another 
method was therefore devised for this purpose, in which the amount of 
the various kinds of phosphorus compounds in the organs could also 
be estimated, It consists in coagulating the protein with alcohol, 
extracting the lecithin and fat from the coagulum with boiling alcohol 
and ether, dissolving out the inorganic phosphates with dilute acid, 
and then treating the coagulated protein, dried with alcohol and ether, 
with one per cent. sodium hydroxide for twenty-four to forty-eight 
hours. As carried out, the method is as follows: 

A quantity of finely-minced tissue is weighed out in a beaker and 
mixed with alcohol. After standing for a few days so as to coagulate 
the protein, the mixture is heated on the water-bath to complete the 
coagulation, and poured into a linen bag suspended to three hooks in a 
cylindrical glass vessel about 2} inches in diameter and 10—12 inches 
long, which is drawn out at one end, and resembles a Hempel frac- 
tionating column without the side-tube. The alcohol is thus separated 
from the coagulated protein, from which the lecithin and fat is now 
thoroughly extracted with boiling alcohol and ether. This is effected 
by inserting the glass vessel containing the linen bag into an Erlen- 
meyer flask of 600 c.c. capacity, and attaching a condenser at the other 
end so that the drops of condensed vapour fall inside the bag, alcohol 
orether being placed in the flask as required. The whole extraction 
thus occurs at about the boiling point of the solvent, and is complete 
ifter six to eight hours’ extraction with both solvents.* 


"A similar procedure has been adopted by Koch and Woods (J. Biol. Chem., 
1905, 1, 205), who suspend a small Gooch crucible inside a flask just over the surface 
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The linen bag is next removed from the glass vessel, and placed in 
dilute hydrochloric acid (one per cent.) to dissolve out the inorganic 
phosphates ; this is changed four or five times, the bag being pressed 
between each extraction in order to remove as much adherent liquid as 
possible. It is then placed in ten to twelve changes of water to 
remove the acid, and then in several changes of alcohol to remove the 
water. It is finally extracted as before with boiling alcohol and ether, 
The several extracts obtained by this procedure, namely : (1) original 
alcohol+water from the tissue, (2) alcohol, (3) ether, (4) acid, 
(5) water, (6) water + alcohol, (7) alcohol, (8) ether, are treated so that 
only an ethereal extract and an aqueous (+ acid) extract are obtained, 

Extracts (1), (2), and (3) are evaporated to dryness, and the residue 
is extracted repeatedly with ether to dissolve the lecithin and fat. It 
is very important to evaporate completely to dryness, since these 
extracts contain, in addition to the fatty substances, other phosphorus 
compounds which are soluble in dilute alcohol (such as extract 1), 
but are insoluble in absolute alcohol or ether. The ether is poured 
off and filtered into a measuring flask (ether extract). The residue 
which is insoluble in etber, is treated with water ; except fora small 
residue consisting of coagulated protein, this is easily soluble; on 
filtration, an aqueous extract is obtained, which is added to that 
obtained from (4) and (5). The insoluble residue, together with the 
filter-paper from which it cannot be separated, is treated with one per 
cent. sodium hydroxide (see below). 

Extracts (4) and (5) generally contain a fine suspension of particles 
of coagulated protein, from which they are filtered. The filtrates 
constitute together the water extract. The insoluble residue, together 
with the filter-papers, is treated with one per cent. sodium hydroxide 
(see below). . 

Extract (6), if acid, is neutralised with ammonia and evaporated to 
dryness. Extracts (7) and (8) are also evaporated to dryness. The 
residues are treated with (a) ether and (b) water. These are filtered 
and added to the other ethereal and aqueous extracts. The residue 
is treated with one per cent. sodium hydroxide (see below). 

The ethereal and aqueous extracts are then made up to a definite 
volume in measuring flasks. There remains the coagulated protein in 
the linen bag ; this, together with the bag, is placed with about 400 
c.c. of one per cent. sodium hydroxide in a 600 c.c, flask, the other 
sodium hydroxide solutions (above) are added, and the flask is placed 
in an incubator at 37° for twenty-four to forty-eight hours. At the 
end of this time, the protein has passed completely into solution, and 
of the boiling solvent. This only allows of the extraction of 10—15 grams of 
material. It cannot be conveniently used for the extraction of 50 or 100 grams of 
material, such as we have employed. 


300. 


Ether 


Aqueo 


Alkali 
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if phosphoprotein is present (see eggs below), its phosphorus is 
separated as inorganic phosphoric acid. It is allowed to cool, and the 
contents are separated from the bag and filter-papers and poured into 
a 1000 c.c. measuring flask ; the bag and papers are washed with one 
per cent. sodium hydroxide, and the washings are added to the main 
bulk until the volume is exactly made up. 

Phosphorus estimations are then made with aliquot portions of each 
of these solutions, These are (1) total P,O, in the ethereal extraet by 
Neumann’s modified method ; the pipettes employed here are washed 
with ether to remove the adhering fat ; (2) total P,O, by Neumann’s 
modified method and inorganic P.O, by precipitation as ammonium 
magnesium phosphate with ammonium magnesium citrate in the 
aqueous extract; (3) (a) total P,O, in the alkaline solution by 
Neumann’s modified method, and (4) inorganic P,O,. by precipitation as 
ammonium magnesium phosphate in the filtrate from a known volume 
acidified with acetic acid. Two determinations are made in each case, 
and the mean taken, 

Several experiments were firstly carried out with eggs, in which the 
several varieties of phosphorus compounds, lecithin, nucleic acid, 
nucleoprotein, and phosphoprotein, occur. No inorganic phosphates 
are present in eggs,* and in this respect they differ from the tissues, 
The details of two of these experiments were : 


Weight of contents of egg = 52°6 grams. 

Ethereal extract, 250c.c. 25 c.c, contained 17°6252 mgm. P,O,. 

ROE IS, OR OF occiss corse 

Aqueous extract, 1000 c.c. 100 c.c, contained 2°7262 mgm. P,O,, 
That is, in egg ............ 27°3 

100 c.c. contained no inorganic P,O,. 

Alkali extract, 1000 c.c, 100 c.c. contained 8°342 mgm. P,O,. 

That is, in egg .........0: 83°4 4, “a 


a 


76°2 mgm. P.O, 


ROUEN ciccccecdicnie 286°9 mgm. P.O, 
300 c.c.+6 c.c. glacial acetic acid: 100 v.c. contained 7°74 mgm. inorganic P,O,. 
Phat i is, in egg, 78°9 mgm. (= phosphoprotein), 

Weight of contents of egg =51°5 grams. 

Ethereal extract, 250 c.c. 25 ¢.c. contained 138°5762 mgm. P,O;. 


Thatris, in egg ............ 185°8 mgm. P.O, 
Aqueous extract, 1000 c.c. 100 c.¢. contained 2°2824 mgm. P,O,. 
That is, in egg............ 22°8 ,, a 


100 c.c. contained no inorganic P,O,. 
Alkali extract, 1000 c.c. 100 c.c. contained 8°4322 mgm. P,0,. 


5 


EBA 18, I OBB ...20500000 84°3_ ,, es 


WUNGE sisinceiccomss 292°9 mgm. P.O, 


300 c.c. +6 ec. glacial acetic acid: 100 c.c. contained 6-2 mgm. inorganic P,O,. 
That is, in egg, 63°2 mgm. (= phosphoprotein). 


* Inorganic phosphates are formed duiing the development of the chicken, as we 
‘hall show in another communication, 
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From these figures, the percentages of the various kinds of 
phosphorus compounds in the egg can be calculated. They are 
respectively : 


Per cent. Per cent, 
Ether soluble P.O, (‘‘ lecithin ”) ...........02.eeee0 614 63°4 
Water soluble PO, (nucleic acid +inorganie, if 
DOOROME)  nacas aca seveascovecnsiescsdatanctsssatnanses 9°5 7°8 

Demme Pg siiis de cais cs shaisncsed didcasnnvuseuntwecyes 0°0 0-0 

Protein P,O, (phosphoprotein + nucleoprotein) ... 29°1 28°8 : 

Phosphoprotein PyOg........0.+-seeseeie coeseeceeeesees 27°5 21°6 Ethe 
The phosphorus compounds soluble in ether thus make up some 60 Aque 


per cent. of the total; nucleic acid and nucleoprotein in the water and 
alkali make up some 10—15 per cent., and phosphoprotein nearly 30 
per cent. 

The following experiments were carried out with tissues. 


A. Testis of Ox. 
1. Weight of minced tissue = 118°6 grams. 


Ethereal extract, 250c.c. 10 c.c. contained 8°876 mgm. P,O;. 


That is, in testis ......... 221°9 mgm. P,0, 
Aqueous extract, 2000 c.c. 100 e.c. contained 14°3284 mgm. P,O,. ‘ Ether 
That is, in testis .......... 286°6 ,, 
100 c.c. contained 9°21 mgm. inorganic P,O,. Aquec 


That is, in testis, 184°2 mgm. P,O,. 


Alkali extract, 1000 ¢c.c. 100 ¢.c. contained 15°0358 mgm. P,O,. 
Theat i Wns... WE oC 


ND ini vatinicninsace 658°9 mgm. P,0, 


300 c.c. +6 cc. glacial acetic acid: 100 c.c. filtrate contained no inorganic P,0; 
(no phosphoprotein). 


2. Weight of minced tissue = 134:0 grams. 


Ethereal extract, 250c.c. 10 c.c. contained 7°1642 mgm. P,0O;. 


That is, in testis ......... 179°1 mgm. P,0, 
Aqueous extract, 2000 c.c. 100 c.c. contained 17°6252 mgm. P.O;. 


That is, in testis ......... 352°5 ,, 
100 c.c. contained 12°22 mgm. inorganic P.0O,. 
That is, in testis, 244°4 mgm. P,0O,. 
Alkali extract, 1000 c.c. 100 c.c. contained 11°1584 mgm. P,O,. 
Tnet is, Im testis .......s. 136 «te 


MAE scenbetcaccases 643°2 mgm. P,0, 


300 c.c. +6 c.c. glacial acetic acid: 100 c.c. filtrate contained no inorganic P,0; 
(no phosphoprotein). | 
prote’ 

From these figures the percentages are : 
Per cent. 


Ether soluble P,O, (‘‘ lecithin”) ............ceseeeees 33°7 
Water soluble P.O, (nucleic acid + phosphates)... 43°5 
BOONE Kell, enc adi chs canoxsvancccnvansscnaiss arynienne 27°9 
Protein P.O, (nucleoprotein + phosphoprotein) ... 22°8 
PROMpROMPOtEIT FO, icc sessescccccssscenccssesessssse 0°0 


0. 


About 30 per cent. of the total P,O, is thus soluble in ether; about 


50 per cent. is inorganic P,O,, and-from 50 —40 per cent. is in the form 
of nucleic acid and nucleoprotein, ‘There is no phosphoprotein. 


B. Thymus. 


1. Weight of minced tissue = 83°3 grams. 


Ethereal extract, 1000 c.c. 50 c.c. contained 5°2622 mgm. P.0O,. 
That is, in thymus ..... 105°2 mgm. P.O; 
Aqueous extract, 2000 c.c. 100 ¢.c. contained 15°1526 mgm. P,O,. 


That is, in thymus ...... 303°0 ,, a 
100 c.c. contained 7°74 mgm. inorganic P,O,. 
That is, in thymus, 154°8 mgm. P,O,. 
Alkali extract, 1000 c.c. 100 c.c. contained 32°5876 mgm. P.O,. 
That is, in thymus ...... 325°9 ,, mo 
WE ras enicaatdaeh 734°1 mgm. P.O; 


300 c.c. +6 ¢.c. glacial acetic acid: 100 c.c. filtrate contained no inorganic P.O, 


(no phosphoprotein). 


2. Weight of minced tissue = 60°2 grams, 


Ethereal extract, 500 c.c. 25 c.c. contained 3°2968 mgm. P,O;. 


That is, in thymus ...... 65°9 mgm. P.O; 
Aqueous extract, 200) c.c. 100 c.c. contained 12°5532 mgm. P,O;. 
That is, in thymus ...... i ee ‘i 
100 c.c. contained 5:05 mgm. inorganic P.O;. 
That is, in thymus, 101°0 mgm. P.O,. 
Alkali extract, 1000 c.c. 100c.c. contained 18°1324 mgm. P.O. 
That is, in thymus ...... 181°3_,, . 
ORD irecuanatcokass 498°3 mgm. P.O, 


300 c.c. +6 e.c. glacial acetic acid: 100 c.c. filtrate contained no inorganic P.O, 


(no phosphoprotein). 


Hence the percentages are : 


Per cent. Per cent. 
(1). (2). 
Ether soluble P,O, (‘lecithin ”) .............02..000 14°3 13°2 
Water soluble P,O, (nucleic acid + phosphates) .. 41°3 5074 
METS dati tnnaceehderesinsapsedstnsnoasnicess 21°1 20°3 
Protein P,O, (nucleoprotein + phosphoprotein) ... 4474 36°4 
WNDU WI ciinhedcoxunciseantncrestvaskensessus 0-0 00 


About 20 per cent. is inorganic phosphate, 14 per cent. lecithin, 


and about 60 per cent. nucleic acid and nucleoprotein. No phospho- 
protein is present. 
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C, Panereas, 
1, Weight of minced tissue=107 grams, 


Ethereal extract, 250 c.c. 10 ¢.c. contained 4°8184 mgm. P,O;. 
That is, in pancreas...... 1 
Aqueous extract, 1500 ¢.c. 75 c.c. contained 22°7606 mgm. P,O,. 
That is, in pancreas...... 455°2 
150 c.c. contained 24°11 mgm. inorganic P,O,. 
That is, in pancreas, 241°1 mgm. 


Alkali extract, 1000 c.c. 50 c.c. contained 23°5848 mgm. P,O,. 
That is, in pancreas...... 471° 


no 
S 
on 
0g 
= 
a] 
a 
oO 
a 


MS siciciinisene uae 1047°4 mgm. P,0, 


300 c.c, +6 c.c, glacial acetic acid: 100 c.c. filtrate contained 3-2 mgm. inorganic, 
P,O; (phosphoprotein), That is, in pancreas, 32°6 mgm. 


2. Weight of minced tissue = 88°5 grams. 


Ethereal extract, 500 c.c. 25 e.c. contained 3°7406 mgm. P.O,. in the 

That is, in pancreas... .. 74°8 mgm. P,0, _ 

Aqueous extract, 1500 c.c. 75 c.c. contained 17°5618 mgm. P,0O,. seeds, 

That is, in pancreas.. ... $512 , they \ 

As this solution gave a precipitate with ammonia, the inorganic shell 
P.O, was estimated in the filtrate from this, thus 300 c.c. + 

25 e.c. NH,OH; 150 c.c. filtrate contained 17°27 mgm. P,O,. Ethere: 


That is, in pancreas, 187°1 mgm. 
Agueou 

Alkali extract, 1000 c.c, 50 c.c. contained 18°6396 mgm. P,O,. si 
That is, in pancreas...... 372°8 


DE Nibciainaee 798°8 mgm. P,0; 

. ‘ ao P , Alkali 

300 c.c. +6 c.c. glacial acetic acid: 100 c.c. filtrate contained 2‘7 mgm. inorganic 
P.O, (phosphoprotein). That is, in pancreas 27°54 mgm, 


Hence the percentages are : 


Per cent. Per cent. 
(1). 
Ether soluble P.O, (‘‘ lecithin ”’) ............scseecees 115 
Water soluble P.O, (nucleic acid+inorganic) ... 43°5 
NRE Be. ss icecsncipssaitssknsaccasin¥szs junta 23:0 
Protein P,O, (nucleoprotein + phosphoprotein) ... 45°0 
POOLE Fc vs cisxstesacitessatsecsventesss 3:1 


The pancreas thus contains about 3 per cent. of its phosphorus in 
the form of phosphoprotein. It will be interesting to determine how 
far the phosphoprotein in this gland is connected with its secretory 
function. 

The three tissues examined differ markedly from the eggs ; in the 
latter, the major part of the phosphorus is in the form of lecithin, and 
in the former, in the form of nucleic acid. The amount of inorganic 
phosphoric acid is about 20 per cent. of the total phosphorus, but rather 
more in the testis. It is possible that this represents the state of 
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activity of the tissue. It will be interesting to see whether other 
organs contain a small quantity of phosphoprotein, and especially 
whether the organs in which continual synthesis and decomposition is 
continually proceeding contain this substance. 

These experiments have been extended to the ova of fishes, namely, 
to caviar, the ova of the sturgeon, to herrings’ ova, and to the ova of 
the grey mullet ; in one experiment only, with caviar, have complete 
estimations being carried out, since it is difficult to obtain these sub- 
stances quite fresh for analysis; the caviar used was preserved with 
alt; the herring ova were smoked and preserved in oil; the mullet 
ova were dried in the sun and preserved in a casing of wax. 

The following are the results of the experiments : 


A. Caviar. 

1. Weight of substance taken =100°4 grams; this was extracted 
inthe usual way with alcohol and ether ; the eggs then appeared like 
weds, and were very hard and tough ; before extraction with water 
they were thoroughly pounded in a mortar, so as to break open the 
shell of keratin. 


Ethereal extract, 500 c.c. 20 c.c. contained 10° 71 46 mgm. P. ar. 


That is, in caviar eo 267°9 mgm. P.O; 
Agueous extract, 1000¢c.c. 100c.c. contained 15°7232 mgm. . Py O,. 
That is, in caviar ......... 157°2 ,, ‘i 


100 c.c. contained 9°21 mgm. inorganic P,O,. 
That is, in caviar, 92°1 mgm. 


Alkali extract, 1000 c.c. 50 c.c. contained 24°409 mgm. P.O,. 
That is, in caviar, 488°2 mgm. POs. 
300 c.+6 ec. glacial acetic acid: 100 c.c. filtrate contained 
49°5 mgm. inorganic PO; (phosphoprotein). That is, in caviar 504°9 ,, a 


ONS ds ciexasicoxive 930°0 mgm. P.O; 
Hence the percentages are : 
Per cent. 
Ether solable P.O, (**lectitan”’) .......60000.00.ceccececcssessess 28°8 
Water soluble P.O; (nucleic acid + inorganic :) jeaeadsbinaneles 16°9 
a ss nav ncvoednibane 9°9 
Protein P.O; (nucleoprotein + phosphoprotein)............... — 
NE CN rittiediindn sas. .acnssicnney nccrehvessennsntonees 54°3 


2, Weight of substance=69°3 grams. Extracted with alcohol and 
ether; then ground-up (weight = 23°3 grams) and extracted with water 
containing acid ; extracted again with alcohol and ether, and residue 
eated with one per cent. sodium hydroxide for forty-eight hours. 
Alkali extract, 500 ¢.c. 25 ¢.c. contained 17°4984 mgm. P,0O,. 

That is, in caviar, 350°0 mgm. P,O,. 
Men+6c.c, glacial acetic acid: 100 c.c. filtrate contained 69°78 mgm. inorganic 
P.O; (phosphoprotein). ‘That is, in caviar, 355°9 mgm. 
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B. Herring Ova. 


1. Weight of substance =66'1 grams. Extracted with alcohol and 
ether ; then ground-up (weight =21 grams), and extracted with water 
containing acid, alcohol, and ether ; residue treated with one per cent, 
sodium hydroxide for forty-eight hours. 

Alkali extract, 1000 ¢.c. 50 c.c. contained 3°2968 mgm. P,0O,. 

That is, in herring ova, 65°94 mgm. P.O,. 

300 c.c. +6 ¢.c. glacial acetic acid: 100 c.e. filtrate contained 7°1 mgm. inorganic 
P.O; (phosphoprotein). That is, in herring ova, 72°4 mgm. P,0,. 

2. Weight of substance =58°0 grams. Weight after extraction 

with alcohol and ether was 18°5 grams. Treated as above. 
Alkali extract, 1000 c.c. 50 c¢.c. contained 2°6628 mgm. P,0O,. 

That is, in herring ova, 53°3 mgm. P,O;. 

300 c.c. +6 ¢.c. glacial acetic acid: 100 c.c. filtrate contained 55 mgm. inorganic 
P.O; (phosphoprotein). That is, in herring ova, 56°1 mgm. P,O 


5 


C. Mullet Ova. 


1. Weight of substance =41°9 grams. Extracted with alcohol and 
ether: weight 24-0 grams. Treated as above. 
Alkali extract, 1000c.c. 50 ¢.c. contained 6°4668 mgm. P,0O,, 

That is, in mullet ova, 129°4 mgm. P,O,. 


300 c.c. +6 ¢.c. glacial acetic acid: 100 c.c. filtrate contained 13°24 mgm. inorganic Ix 
P.O, (phosphoprotein). That is, in mullet ova, 135°05 mgm. P,O,. “ 

junctic 
2. Weight of substance =41°0 grams. Weight after extraction on | 
’ 


with alcohol and ether, 33:0 grams. Treated as above. tiolet 


Alkali extract, 1000 ¢.c. 50 ¢.c. contained 81152 mgm. P.0O,. caustic 
That is, in mullet ova, 162°3 mgm. P,O,. are di 


300 c.c. +6 ¢.c. glacial acetic acid: 100 c.c. filtrate contained 16°62 mgm. inorganic dibenz 
P.O, (phosphoprotein). That is, in mullet ova, 169°5 mgm. P,0O,. | 


Phosphoprotein is therefore present in the ova of fishes, and of the ea 
total amount of protein phosphorus, practically the whole consists of hypock 
phosphoprotein. Nucleoprotein no doubt also exists, but its amount stron 
could not be estimated, as the amount of phosphoprotein P.O, found /« 
exceeded that of the total P,O,. ‘This is accounted for by the manner (H, ¢ 
in which the samples were removed from the main solution ; both con- with 


tained particles of the insoluble keratin of the shell ; in the estimation of din; 
of the total P,O,, these were included, but they were not included in alkalis 
the estimation of the inorganic P,O,; the 300 c.c. were acidified, and lined 
the filtrate, now free from particles, was employed. The differences are into d 
minute, and they do not signify, since the purpose of the experiments justifc 
was to determine the presence or absence of phosphop rotein. It may deriva 


be noted that the amount of phosphorus contained in the ichthulin are th 
from caviar exceeds 50 per cent. of the total phosphoras. 
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It may be concluded from the results of the experiments : 

1. That phosphoproteins may be distinguished from nucleoproteins 
by the action of one per cent. sodium hydroxide at 37° for twenty-four 
to forty-eight hours ; the phosphorus is completely separated in this 
time as inorganic phosphoric acid. 

2, That phosphoproteins are present in milk, egg-yolk, and in the 
ova of fishes, that is, in the substances which constitute the food- 
stuffs of the embryo bird and fish and the young mammal. 

3. That a small quantity of phosphoprotein is present in the 
pancreas. 

Tue PHYSIOLOGICAL LABORATORY, 
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CLXVII.—The Colouring Matters of the Stilbene Group. 
Part V. The Action of Caustic Alkalis on 
Derivatives of para-Nitrotoluene. 

By ARTHUR GEORGE GREEN and JAmes BappILey, 


Ix previous investigations conducted by one of the authors in con- 
junction with former collaborators (Ber., 1897, 30, 3097; Trans., 
1904, 85, 1424, 1432 ; 1907, 91, 2076), it has been shown that the red, 
violet, or blue colorations, which mark the first stage of the action of 
caustic alkalis on p-nitrotoluene and its ortho-substituted derivatives, 
ae due to the production of nitroso-compounds of stilbene and 
dibenzyl. These nitroso-compounds are too unstable to isolate as such, 
but were characterised by direct conversion into the corresponding 
uitro-compounds, the oxidation being effected either by means of air or 
hypochlorites. It was also shown that the readiness with which the 
uitroso-compound is produced depends on the electro-negativity of 
the ortho-substituting group, and, further, that those compounds 
(H, CH,, OMe, and CO,H derivatives) which react least readily 
with alkalis give red colorations and, on oxidation, mainly derivatives 
of dinitrodibenzyl, whilst, on the other hand, those which react with 
alkalis most readily (Cl, CN, and SO,Ph derivatives) produce blue 
wlorations and, on oxidation, are converted more or less exclusively 
into derivatives of dinitrostilbene. The conclusion therefore seems 
jutified that the red compounds represent nitronitrosodibenzyl 
derivatives (in the form of quinonoid salts), whilst the blue compounds 
are the dinitrosostilbene derivatives (also as quinonoid salts), the rate of 
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conversion of the former into the latter being the factor which determines J gould 
the ultimate formation of a dinitrodibenzyl or a dinitrostilbene com. compo 
pound when oxidation accompanies the condensation. These relation. had ne 
ships may be expressed by the scheme: the int 


Condensation CH.°C.H,*NO, Condensation CH: H ‘NO tion Pp 
—<a- | = ere 2 ee OF on"4 ‘ Li 
“iststage” CH,*C,HyNO “andstage’” ~CH-C,HNo fg PP 
(Red product. ) (Blue product, ) as the 

° S nearly 


2CH,-C,H,-NO, 


| 


LOLJUPLX( 
MOTPUPLX( 


Vs 
CH, °C; H,NO, CH-C,H,'NO, 
CH,-C,H,-NO, CH-0,H,-NO, 
(Dinitrodibenzyl. ) (Dinitrostilbene.} 


In the technically-important instance of p-nitrotoluenesulphonic 
acid, Green and Wahl have shown that either the dibenzyl or the Five 
stilbene derivative can ,be obtained, according to the conditions of 100 e.¢ 
alkalinity and temperature selected. Also, from p-nitrotoluene itself, J conical 
both compounds are formed. In these cases, therefore, it may be quartet 
concluded that either the intermediate coloration represents a mixture nearly 


of the two nitroso-compounds, in which one or the other may pre was fol 
dominate according to the conditions employed, or that the dinitro- contin 
dibenzyl formed by oxidation of the first compound can undergo a % and th 
further condensation with caustic alkalis with formation of a nitro- nitroso 


nitrosostilbene, which is finally oxidised to dinitrostilbene : again | 
CH,°C,H,-NO, Condensation CH-C,H,-NO Oxidation CH-C,H NO, ” ope 
CH,°C,H,-NO, ——> CH-C,H,-NO, “> CH-C,H,-NO, quick]; 


certain 
remove 
reeryst 
chloroe 

The 
Analy: 


(Second red product.) 

The latter reaction can certainly occur, for it has been observed by 
Green and Wahl that dinitrodibenzyldisulphonic acid behaves towards 
alkalis somewhat similarly to p-nitrotoluenesulphonic acid, giving first 
an intermediate red coloration and then, as final product, a mixture of 
dinitrostilbenedisulphonic acid with the dyestuff Stilbene Yellow 8G. 
In the following experiments, we have endeavoured to ascertain in 
those cases in which hitherto only the formation of the dibenzyl 


Fou 
( 


compound was observed (the methyl, methoxyl, and carboxyl deriv- The 
atives of p-nitrotuluene), whether a stilbene compound could be formed colour 
by carrying the reaction further. This was found to be the case, and pynidir 


dinitrodimethylstilbene, dinitrodimethoxystilbene, and dinitrostilbene- of cale 
dicarboxylic acid have thus been prepared. 

We have also investigated the behaviour of 2 : 4-dinitrotoluene, 
which presents an extreme case of reactivity, giving excessively 
unstable, blue colorations even at temperatures far below zero, and 
even with such weak alkalis as sodium carbonate and ammonia. It 


ould therefore give rise exclusively to tetranitrostilbene, and this 
sempound was, in fact, found to be the sole product. This example 
had not been previously studied, owing to the extreme instability of 
the intermediate nitroso-compound (rapid formation of brown condensa- 
tion products), which rendered the previous methods of oxidation 
inapplicable. By employing an alkaline alcoholic solution of iodine 
ys the oxidising agent, these difficulties have been overcome, and a 
nearly quantitative formation of tetranitrostilbene has been effected. 


EXPERIMENTAL, 


4:4'-Dinitro-2 : 2'-dimethylstilbene, 
CH, CH, 

0.7 a 

BOK ja -CH< \__ PhO 
Five grams of finely-powdered p-nitro-o-xylene were mixed with 
100 cc. of cold methyl-alcoholic potash (35 per cent. KOH) ina 2-litre 
wnical flask and vigorously shaken with air for one-half to three- 
quarters of an hour. As soon as the development of colour had 
nearly ceased, and a copious precipitate of dinitrodimethyldibenzyl 
was formed, the flask was heated on the water-bath and the reaction 
coutinued at a higher temperature. Colour formation again set in, 
and the vigorous agitation was continued in order to oxidise the 
uitroso-compound immediately it was formed. When the reaction 
again became sluggish, after about an hour at the higher temperature, 
the operation was stopped, the mixture cooled, the yellow precipitate 
quickly collected, and washed with hot alcohol and with water. A 
certain quantity of dinitrodimethyldibenzyl which it contained was 
removed by extraction with acetone, after which the product was 
recrystallised from nitrobenzene and pyridine, or, better, from tetra- 
chloroethane. 
The substance forms yellow needles, which melt at 288—290° 
Analysis gave : 
Found: C=64'10, 64:13 ; H=4°35, 4°75; N =9-23. 
C,H,,O,N, requires C= 64°43 ; H=4°7; N=9°4 per cent. 
The compound is sparingly soluble in solvents. It gives a crimson 
colour on reduction with phenylhydrazine in alkaline solution. The 
pyridine solution at once decolorises an acetone or a pyridine solution 
of calcium permanganate (distinction from dibenzy] derivative). 
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4: 4'-Dinitro-2 : 2'-dimethoxystilbene, 

y OMe ie 

7 ~ vere 

NO CH:CHC -™ 
This compound was prepared in exactly the same way as the 
preceding one. 1t was readily obtained pure by two or three crystallisg. 
tions from tetrachloroethane, in which solvent any accompanying 
dibenzyl derivative remains dissolved. The product forms bright 
orange needles, which melt at 268—269°. It gives the above 
mentioned stilbene reactions with alkaline phenylhydrazine and with 
calcium permanganate. Analysis gave: 
Found : C=57°79, 58°29, 57°81; H=4:0, 4°53, 3°87; N=8-7, 8-4, 
C,,,H,,0,N. requires C=58:18; H=4:24; N=8-48 per cent, 


4 :4'-Dinitrostilbene-2 : 2'-dicarboxylic Acid, 
v_ CO,H yang 
X ‘HCE / x 
NO K _ pu :C ~ pon 
Attempts to obtain this compound by air oxidation in the manner 
described above gave a product consisting of about equal parts of } 
the stilbene acid and the previously-described dibenzyl acid. By 
employing sodium hypochlorite in large excess, better results were 
obtained. ‘The best conditions were found to be the following: 10 
grams of nitro-o-toluic acid were dissolved in 30 c.c. of 10 per cent. 
sodium carbonate solution.. To this were added 100 c.c. of sodium 
hypochlorite solution (containing 9-4 per cent. of available chlorine) and 
25 ¢.c. of sodium hydroxide solution (33 per cent.). The mixture was 
rapidly heated to boiling, and the reaction allowed to proceed 
spontaneously for three minutes, at the end of which time yellow 
crystals of sodium dinitrostilbenedicarboxylate began to separate. 
Directly the reaction slackened, and before the hypochlorite had quite 
disappeared, the whole mass was poured into dilute hydrochloric acid. 
The white precipitate of the free carboxylic acid was collected and 
washed. It was then dissolved in aqueous potassium carbonate, and 
the potassium salt recrystallised several times from water containing 
a little potassium carbonate. The free acid crystallises from eresol 
in small, pale yellow crystals, which melt with decomposition at 
288—291°. Analysis gave : 
Found : C=53°43, 53°37 ; H =2°92, 2°87; N=7°87. 
C,,H,,O,N, requires C=53°63 ; H=2:79 ; N=7:82 per cent. 
In pe solution, the acid gives a crimson colour with phenyl- 
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hydrazine, and decolorises cold dilute permanganate. The potassium 
alt forms yellow, pointed crystals. The barium salt is sparingly 
soluble, and forms large, needle-shaped erystals. 


2:4: '- Tetranitrostilbene, 


% 

NO, NO, 
o “omen 
mi ae 
By acting on 2 : 4-dinitrotoluene with alcoholic potash in the cold, 
the blue nitroso-compound first formed rapidly undergoes further 
condensation to violet-brown, amorphous products before air has time 
to effect its oxidation. The following method of procedure, in which 
iodine was employed as the oxidising agent, gave excellent results : 
20 grams of dinitrotoluene were dissolved in 50 c.c. of pyridine, 
and 32 grams of iodine dissolved in 220 ec.c. of methyl alcohol 
were added. The mixture was cooled in a freezing mixture, and 
70c.c. of methyl-alecoholic potash (33 per cent.) were slowly added. 
As the potash was run in, the yellow colour of the iodine disappeared 
and the mixture became brown, eventually depositing a copious, 
crystalline precipitate. After standing half an hour, this was 
collected and washed with hot alcohol and with water. On drying, it 
formed a yellow, crystalline powder, which was nearly pure tetranitro- 
stilbene. The yield was 15 grams. After crystallising twice from 
nitrobenzene, the product was obtained in pale yellow needles, which 
melted with decomposition at 264—266°. A nitrogen estimation 
gave : 
Found: N =15°54. 
C,,H,O,N, requires N = 15-55 per cent. 
The product is identical with the known tetranitrostilbene obtained 
by Krassusky (J. Russ. Phys. Chem. Soc., 1895, 2'7, 335) from dinitro- 
benzyl chloride. 


2:4:2' :4'-Tetra-aminostilbene, 


_NH, NH, 
NH,“ SCHICH’ SNH. 
S hoe 


Tetranitrostilbene was reduced by boiling for several hours with tin 
and hydrochloric acid containing a little alcohol. The tin double 
chloride which separated was collected and converted into the 
tydrochloride by dissolving in a little water and precipitating with 
‘oneentrated hydrochloric acid. After repeating this treatment two 
or three times, the hydrochloride was obtained free from tin in the 
form of greyish-white, crystalline needles, readily soluble in water, but 
VOL, XCIIL. 5 Y¥ 
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rather sparingly so in dilute hydrochloric acid. The free base was 
obtained in pale yellow leaflets by adding ammonia to the solution 
of the hydrochloride. It melts at 183—186°, and contains one 


molecule of water of crystallisation. A nitrogen estimation gave: Th 
Found : N = 21°60, 21-62. bas | 
C,,H,,N,,H,O requires N = 21°70 per cent. oxidi 

Loss on heating to 100—110° for four hours : 
Found: 6°71. in pl 
Loss of H,O requires 6-97 per cent. fuller 


The compound is doubtless identical with the tetra-aminostilbene alreat 
described by Echales (Ber., 1904, 3'7, 3599), who gives the melting that 


point as being 191° or below. assul 

The base is somewhat oxidisable. It is moderately soluble in water, io th 
and readily so in alcohol. On coupling with diazo-compounds, it gives whick 
rise to brown azo-dyestuffs. we de 
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THE constitution and properties of the polythionates have been the 
subject of several papers recently published by various investigators, 
the principal being by A. Gutmann (Ber., 1906, 38, 1728, 3277; 
1907, 39, 509; 1907, 40, 3614; 1908, 41, 300, 1650), Julius 
Meyer and H. Eggeling (Ber., 1907, 40, 1351), Price and Twiss (MS 
(Trans., 1907, 91, 2021), and Colefax (Trans., 1908, 93, 811); the JH “US, 
last-mentioned had previously published papers dealing with the same 
subject (Trans., 1892, 61, 176, 199, 1083). 

Some time ago, we commenced the fuller investigation of the reaction Fur 
described by one of us (Marshall, J. Soc. Chem. Ind., 1897, 16, 396), thionat 


Thios 


by means of which tetrathionate is produced by the interaction of very €3 
persulphate and thiosulphate. The investigation has occupied more trough 
time than we anticipated, and the completion of it may be delayed ; we tiberat 
therefore have thought it advisable to communicate now the results pounds 
which have already been obtained. Ass 

Gutma 


Constit; 
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The Constitution of the Trithionates and Tetrathionates. 


The constitutional formula for tetrathionates proposed by Mendeléeff 
has been assailed by Gutmann, who assigns to these salts a “ per- 
in place of a “ persulphidic ” structure, thus : 
(MS,0,)0°0(S,0, M) 
in place of (MSO,)S-S(SO,M). It is unnecessary here to give a 
fuller statement of his views, seeing that a summary of them has 
already been given by Price and Twiss (Joc. cit.). These authors show 
that certain results obtained by them are incompatible with Gutmann’s 
assumption, which they reject in favour of the older view. In addition 
to the evidence which they bring forward, there are several other points 
vhich might be stated in favour of Mendeléeff’s formula, and to which 
we desire to call attention. 
In the first place, the occurrence of the reaction which has been 
referred to above as constituting the subject of the present investiga- 
tion, would seem to contradict Gutmann’s view. On the older assump- 
tion, the formation of tetrathionate in this action is quite analogous to 
the formation of persulphide along with sulphate by the interaction of 
sulphide and persulphate : 


2MSM +(MSO,)O-0(SO,M) = MS-SM + 2(MSO,)OM, 

that is, the rupture of the peroxidic union in the persulphate is in 
each case associated with the formation of the much more easily 
elected persulphide union. On Gutmann’s assumption, however, the 
rupture of the peroxidic union in the persulphate is associated with the 
formation of an exactly analogous peroxidic union in the tetrathionate, 
that it is difficult to see why any such reaction should take place. 
The two views as to the nature of this reaction may be represented by 
weans of the following equations : 

*(M8O,)SM + (MSO,)O-0(SO,M) = (MSO,)S-S(SO,M) + 2(MSO,)OM. 
“\MS,0,)OM + (MSO,)O-0(SO,M) = 

(MS,0,)0°0(S,0,M) + 2(MSO,)OM. 


Thiosulphate. Persulphate. Tetrathionate. Sulphate. 


, 


oxidie ’ 


Further, if Gutmann’s view were correct, the formation of tetra- 
thionate by the interaction of iodine and thiosulphate would be of a 
very exceptional character, since peroxidic union cannot generally be 
brought about by means of iodine, but, on the contrary, iodine is 
liberated from iodides by the action of peroxides or analogous com- 
Pounds, 

As stated by Price and Twiss, of the various reactions studied by 
Gutmann, only two have any direct bearing on the question of the 
‘ustitution of tetrathionates ; the others are of too complex a nature 
5 ¥ 2 
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to afford evidence for or against either of the constitutional formyle 
under consideration.* 
The first of these reactions is that of certain reducing agents, such 
as alkaline solution of arsenite, on tetrathionates. As observed by 
Gutmann, this action is represented by the following equation : , 
Na,S,0, + 8NaOH + 3NaAsO, = of al 
2Na,SO, + Na, AsO, + 2Na,As0,S + 4H,0, 


The striking point about the above reaction is the formation of arsep- 
ate in addition to monothioarsenate, seeing that it might have been solut: 
expected that the function of the reagent in such a case would be to expre 
remove sulphur only. The fact that oxygen also is removed, forms 
the basis of Gutmann’s argument for the peroxidic structure of the 
tetrathionate. The formation of arsenate can be explained very 
simply, however, without departing from the persulphide formula ; it prod 
is only necessary to assume that the first action of the alkaline arsenite 
solution is, not to remove oxygen or sulphur from the tetrathionate, 
but to add sodium to it and so “reduce” it to thiosulphate, as If a: 


illustrated in the following scheme : and p 
Ona Na : mome 
o> 8<8 Na OH place 

alkene ecians NaAsO, but if 

S NaOH 
ree : order 
ava 

or by the ionic equation : the p 

8,0,” + 20H’ + AsO,’ = 28,0,” + H,AsO,’ st af 


or 8,0," + 40H’ + AsO,’ = 28,0,” + AsO,” + 2H,0. Int 

But as Gutmann has shown, thiosulphate is acted on by an alkaline 
solution of arsenite with formation of sulphite and monothioarsenate. 
The complete action is therefore represented as taking place in two 
stages : the first as above, and the second by the following equation: 
40H’ + 28,0,” + 2As0,’ = 280,” + 2As0,8” + 2H,0. 

The following facts justify the above assumption as to the first action 
of the arsenite : (1) According to Spring (Ber., 1874, 7, 1161), sodium 
amalgam acts on tetrathionate to produce thiosulphate. (2) If hydro- 
chloric acid is added to a mixture of arsenate and iodide, arsenious 
chloride and iodine are produced, but in the presence of alkali (car- 
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* In a number of cases, Gutmann’s results are open to grave objection from the 
fact that, for these experiments, he did not prepare his solutions from pure aed 
thionate, but used directly the solution obtained by adding an equivalent quantity 
of iodine to a solution of a thiosulphate. Our experiments have shown that the 
presence of small quantities of other substances often has a very great influence on 
the decomposition of tetrathionates, and the solutions used by Gutmann in me 
particular experiments would necessarily contain at least a slight excess of either 
iodine or thiosulphate. 
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bonate), arsenite and iodine interact with formation of arsenate and 
iodide. Similarly, when hydrochloric acid is added to a mixture of 
arsenate and thiosulphate, arsenious chloride and tetrathionic acid 
are formed ; it may therefore be surmised, in view of action (1), that 
probably here, also, the sense of the change will be reversed in presence 
of alkali, and that arsenite and alkali will form arsenate and thio- 
sulphate. 

The second reaction to be considered is that of alkaline cyanide 
solution on tetrathionate, which Gutmann shows to take place as 
expressed by the equation : 

Na,8,0, + 2NaCN + 2NaOH = Na,SO, + Na,SO, + 2NaCNS + H,0. 
He, himself, makes no attempt to draw support for his formula 
from this reaction ; as a matter of fact, his expectation was that the 
products would be sulphite, cyanate, and thiocyanate. 

Gutmann states that the reaction takes place very slowly at the 
ordinary temperature, but this is not in accord with our experience. 
If a solution of tetrathionate is mixed with barium nitrate solution, 
and pure cyanide solution is added, the liquid remains clear only fora 
woment ; a copious precipitation of barium sulphate and sulphite takes 
place almost instantaneously. The addition of alkali is not necessary, 
but if it is omitted, then twice as much cyanide has to be employed in 
order to complete the change : 

Na,S,0, + 4NaCN + H,O = Na,SO, + Na,SO, + 2NaCNS + 2HCN ; 
the presence of a great excess of hydrocyanic acid apparently does 
not affect the action. 

In this case there is no need to assume the “ reduction” of the tetra- 
thionate to thiosulphate ; the cyanide simply removes the two connecting 
sulphur atoms, leaving the two SO,Na groups, which then interact 
with formation of sodium sulphate and sulphur dioxide, thus : 
2S0,0Na =SO,(ONa), + SO,, 

the sulphur dioxide would act either on the free alkali or, in its 
absence, on the cyanide, forming sodium sulphite. The formation of 
sulphate and sulphur dioxide from the two NaSO, groups would be to 
some extent analogous to one of the actions observed at the anode in 
certain electrolytic decompositions ; for example, the formation of 
wethyl acetate from two CH,°CO,* groups during the electrolysis of 
an acetate solution : 

2CH,°CO,° = CH,°CO,"CH, + CO,. 

The difference in the action of the alkaline arsenite solution and of 
the alkaline cyanide solution on tetrathionate is therefore easily 
‘xplicable, using the persulphide formula, and is due to the preliminary 
formation of thiosulphate in the first case and not in the other. 
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The Interaction of Thiosulphate and Persulphate. 


This action, as has already been shown (Marshall, Joe. cit,), jg 
expressed by the equation : on 
2M,8,0, + M,S,O, = 2M,SO, + M,S,0,. bet’ 

dire 
emf 
solu 


In order to make use of this reaction as a means of preparing any 
particular tetrathionate, it is evident that a great advantage would 
be gained by using the thiosulphate of a metal which forms an 
insoluble sulphate along with the persulphate of the metal, the tetra- is fi 
thionate of which it is desired to obtain; in that case, if the proper The 
proportions are employed, the resulting solution should contain the the 
tetrathionate unmixed with other salt. In the first experiments, cale 
barium thiosulphate was used along with potassium persulphate: T 

2Ba,S,0, + K,S,0, = 2BaSO, + K,S,0,. plac 

Owing to the very sparing solubility of the barium salt, however, it het 
was considered advisable to use, instead, the easily soluble strontium adv 
salt ; this, notwithstanding its great solubility, can be obtained pure ates 
without much difficulty. The salt used for the experiments was pre- clan 
pared by fractional crystallisation from solutions of strontium nitrate ne 
and sodium thiosulphate. After three recrystallisations, the product ” 
gave, on analysis : mae 

whil 

Sr = 30°39. aaa 

Sr,S,0,,5H,O requires Sr = 30°23 per cent. sulp 

A moderate quantity of the persulphates of rubidium and cesium ate | 
being available, it was decided to make use of them for the preparation until 
of the tetrathionates, seeing that these salts had not at that time been soluk 
prepared. While the work was in progress, the paper by Meyer and JS 
Eggeling (Joc. cit.) on the thiosulphates of these metals appeared. In A 
it they described the preparation of the two tetrathionates by the stan 
action of iodine on the thiosulphates, the product being obtained from ws 
solution by the addition of alcohol. They thus obtained anhydrous, cipiti 
crystalline salts, which they analysed, but did not further describe. stile 
We had already obtained small quantities of hydrated crystals from disso 
purely aqueous solution, and saw no reason to discontinue our clpit: 
investigation. In 

The persulphates referred to above had been prepared by mixing 4 penne 
cold saturated solution of recrystallised ammonium persulphate with taine 
cold saturated solutions of rubidium chloride and cesium sulphate Preps 
respectively. In each case a sparingly soluble salt is precipitated, Was | 
containing, however, some ammonium salt in isomorphous mixture. 

In order to get rid of this impurity, the salt was in the first instance 
recrystallised as rapidly as possible from hot water, and subsequently 
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from hot water to which had been added a quantity of the appropriate 
hydroxide (or of barium hydroxide) sufficient to decompose the 
remaining ammonium persulphate. 

Additional quantities of the salts had to be prepared later, and this 
was done either by the foregoing method or by double decomposition 
between ammonium persulphate and excess of the metallic hydroxide 
directly, in place of chloride or sulphate. When this method is 
employed, the ammonium salt must be added slowly to the hydroxide 
solution and not vice versa, otherwise the crystalline precipitate, which 
is first obtained, contains ammonium salt in isomorphous mixture.* 
The purified salts were analysed by conversion into the sulphate, and 
the results obtained in each case agreed closely with the numbers 
calculated for the anhydrous salt. 

The reaction between persulphate and thiosyphate in solution takes 
place fairly rapidly, and is accompanied by considerable evolution of 
heat, so that to avoid decomposition due to rise of temperature, it is 
advisable toadopt some method of cooling the mixture. The method 
adopted was to place the materials in a long, narrow stoppered bottle, 
clamped to a wheel, which was rotated in a large vessel filled with cold 
water. It is desirable to avoid using excess of water to dissolve the 
reacting substances, since the somewhat unstable solution produced 
must subsequently be evaporated. In each case the quantity taken, 
whilst approximating to that required for the dissolution of the 
strontium thiosulphate, was not nearly sufficient to dissolve the per- 
sulphate, but was amply sufficient to retain in solution the tetrathion- 
ate produced. The precipitation of strontium sulphate may not begin 
until after the lapse of a minute or two, because of the increased 
solubility of the sulphate in presence of thiosulphate (compare Dobbin, 
J. Soc. Chem. Ind., 1901, 20, 218). 

After several hours’ agitation, the bottle was removed and allowed to 
stand until the precipitate had completely settled. The clear liquid 
was then poured off through a Buchner filter, after which the pre- 
cipitate was transferred to the filter, drained as completely as _pos- 
sible, and then washed twice with very small quantities of water. The 
dissolved salt may be separated from the solution either by pre- 
cipitation with alcohol or by evaporation at the ordinary temperature. 
In the first experiments carried out in order to test the method, 
potassium persulphate was employed, and the tetrathionate was ob- 
tained without difficulty. When the method was next applied to the 
preparation of the rubidium salt, however, the yield of tetrathionate 
was not satisfactory. The solution behaved as if it were much less 


* Commercial potassinm persulphate, being prepared by double decomposition 
from the ammonium salt, contains smal] quantities of this salt ; it can easily be 
purified in the above manner. 
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and 70 c.c. of water were employed. The filtered solution soon 
became milky, and a yellow deposit of sulphur mixed with strontium 
sulphate gradually formed; the liquid was allowed to evaporate 
spontaneously in a current of air, and was filtered each day. 

By the time crystals began to form, the tetrathionate was nearly all 
decomposed, and the solution was then allowed to stand antil the 
mother liquor was reduced to a small volume. This was then removed 
as completely as possible, the crystals dissolved in the minimum 
quantity of water at about 30°, and the resulting solution filtered 
and allowed to crystallise. This purification was repeated until the 
solution no longer deposited sulphur when allowed to stand for two or 
three hours. 

For analysis, the sulphur was determined by oxidation with bromine 
and precipitation with barium chloride : 


0:3038 gave 0°778 BaSO,. S= 35°17. 
K,S,0, requires S = 35°56 per cent. 


By the above method, the salt was obtained in thin prisms, which 
were not suitable for crystallographic measurements. In order to 
obtain better crystals, a solution saturated at about 30° was allowed to 
cool very slowly by leaving it for four to five days in a large, double- 
walled cylinder, the annular space of this vessel being filled with 
water at the same temperature ; the cylinder itself was embedded in a 
box of sawdust. In this way considerably larger prismatic crystals 
were obtained, some attaining as much as 50 mm. in length and 4mm. 
in breadth. Few of the crystals were entirely clear throughout ; the 
larger ones always exhibited elongated cavities in the interior. 

The density of the crystals was determined on selected fragments 
by the method of free suspension in a dense liquid (mixture of tetra- 
bromoethane and xylene), using the Westphal balance. 

Seven determinations gave results varying from 2°3335 to 2°3395. 
Mean value: D=2°336. This differs considerably from the values 
given by Hertlein (Zeitsch. physikal. Chem., 1896, 19, 297), namely, 
23044 and 2-3036. Probably Hertlein had not obtained sufficiently 
homogeneous material for his determinations. In order to make sure 
that our higher results were not due to the presence of some strontium 
compound, a quantity of the salt was prepared from potassium thio- 
sulphate and sulphur dioxide, and the density determined on fragments 
of crystals grown as above. The result obtained was the same as 
before. The above value gives a molecular volume of 115°8. 

The geometrical crystallography of potassium trithionate has been 
studied by various investigators ; de la Provostaye (Ann. Chim. Phys., 
1840, [iii], 3, 354), Rammelsberg (Veueste Forschungen, 1857, 27), and 
H. Baker (Chem. News, 1877, 36, 203) all describe the salt as forming 
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rhombic crystals which do not give very good measurements, owing to 
smallness or curvature of the faces; according to Rathke (J. pr, 
Chem., 1870, [ii], 1, 35), the crystals are monoclinic, but he did not 
actually perform any measurements. 
The data which we give were obtained with crystals grown as above- 
mentioned : 
System and class: Rhombic bipyramidal. 
a:6:c=0°7168: 1:0°4193. 
Forms observed: 6={010} ; Z7={210}; m={110}; n={120!; 


Fic. 1. 


In addition to these, the form k= {031} was occasionally observed, 
but it is always small. dela Provostaye mentions a pyramidal face 


| No. of sulp 
Angle. | observa- Limits. Mean. | Calculated. | 
tions. 0 
— = . — = 0 
| a 
1:1 = 210:210 | 7 39°18’—39°47 | 39°26" | : 
1 :m= 210:120 | 11 3517—3548 | 8529 35°23" T 
1 :m= 210:110 5 1527—16 0 | 1542 15 55 ' 
m:n = 110: 120 Ki 1986—20 9 | 1950 | 192 = 
n:b =120:010 | 6 3443-35 2 | 3453 | 345 137: 
q:¢=011:011 | 10 | 45 23 —45 36 45 30 7 q 
q:6=011:010 | 10 6711—6721 | 6714 67 15 ami 
q :k =011:031 | 1 28°46’ | 28 46 28 46 
k :b = 031: 010 1 38 29 | 38.29 38 29 
8 
q :t =011:210 | 17 82° 3’ —82°45’ 82 25 82 30 ‘ 
q :m=011:110 | 8 7649—77 5 | 7657 | 7659 
q im = 011:120 | 4 71 18 —71 27 71 26 71 30 = 
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»={121}, but we did not observe this on any of our crystals. The 
faces of {011} give very good reflections, but those of the vertical 
prisms are generally more or less curved and give poorer reflections ; 
the faces {120} are always narrow, and those of {010} are frequently 
absent altogether. 
No distinct cleavage. 
When the crystals are examined through / in convergent polarised 
light, the interference figure seen indicates that the plane of the 
optic axes is parallel to {910}, with the axis c as acute bisectrix. 
The refractive indices were determined by means of the total 
reflectometer, using the faces 7 and g. The values obtained are: 
a= 14925, B= 15646, y=1°6014 (Na light). 
The axial angle calculated from these gives the value : 

2V = 68° 15’. 


Rubidium Trithionate. 


The method for preparing and purifying this salt is similar to that 
lescribed for the potassium compound, but with different proportions 
of material. ‘Twenty grams of rubidium persulphate require theoreti- 
ally only 31°9 grams of strontium thiosulphate ; it is therefore advisable 
to take about 33 grams, along with 40—50 c.c. of water. Rubidium 
trithionate appears to be decidedly more soluble than the potassium 
alt, but forms more perfect crystals ; those used for examination 
were obtained by slow cooling, as before, and the largest measured 
about 25 mm. by 3 mm. 
For the analysis, the sulphur was determined as in the previous 
case, and the rubidium was also determined by direct conversion into 
sulphate : 
02800 gave 0°5428 BaSO,. S=26-63. 
01831 ,, 0°1811 Rb,SO,. Rb= 47:0. 

Rb,S,O, requires S = 26°52 ; Rb = 47-05 per cent. 
The density, determined as before, was 2°845 as the average 
of seven determinations (limits, 2°843—2°847). Molecular volume= 
127°7, 
The crystals are isomorphous with the preceding salt, and are of a 
‘milar long-prismatic habit, although the forms observed are not all 
the same : 


System and class: Rhombie bipyramidal. 
a:b:c=m0°7058 : 1: 04176. 


Forms observed : a= {100} ; b={010! ; 7={210!; m={110} ; n= 


. 
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In addition to these, the form o= {111} was also observed, but only remo’ 
on one crystal ; it was not very small, however. The predominating becat 


forms are m, g, and s, the others being small and often incomplete. 


erysti 
+ cedin 
No. of i ; 
Angle. observa- | Limits. Mean. Calculated, as 8u 
tions. 03 
a :m= 100:110 22 34°45’ —35°25’ ot" 2 r 
a :l = 100: 210 4 19 28 —19 38 1933 Us 
l :m= 210:110 | 5 15 17 —15 59 1544 | 5 46 densi 
m:b =110:010 | 22 54 5 —5518 5459 | 54 47 : 
m:n=110:120 | 7 19 3—20 & 19 32 mina 
n :b6 = 120:010 6 34 52 —35 25 3512 (| A 
b :q = 010: 011 2 67 21 —67 22 67 21 
b :k = 010: 031 12 38 24 —38 55 a 
k :q = 031:011 19 28 35 —28 52 2843 | 
q :¢7 = 011:011 11 | 45 9 —45 26 4520 | 
a:s = 100: 201 11 40 3 —40 23 10 12 
s ss’ = 201: 201 9 99 28 —99 45 99 36 
q :8 = 011:201 8 53 22 —53 30 53 26 
¢ :m= 201: 110 5 51 7 —51 35 5117 | 
a’:q = 100: 011 1 | 90° 4’ 94 | 
a 20 = 100:111 1 61 22 6122 | 
0 :¢=111:011 1 28 36 28 36 
m:o=110:111 2 54° 27 —5a° 3 54 3 
o :m’=111:110 1 101°14’ 10114 +| 10119 
s to = 201:111 1 27 11 27 11 
s :k = 201: 031 2 66°17’ —66°21’ 66 19 
m:k = 110: 081 2 63 31 —63 40 63 35 
m:q = 110:011 | F 77 18 —77 22 77:17 


The optical character is similar to that of the preceding salt. 
a= 14874, B=1°5580, y = 1°5867. 
2V = 62° 33’ (calculated). 


Caesium Trithionate. 


For the preparation of this salt, 32 grams of cesium persulphate were 
taken along with 45 grams (theory, 40°4) of strontium thiosulphate and 
60 c.c. of water; the purification, etc., were carried out as before. The wer 
salt is apparently still more soluble than the rubidium compound, but 
by evaporation at low atmospheric temperature, well-formed crystals 
with highly lustrous faces were obtained. When these crystals were 
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removed from the mother liquor and dried on filter-paper, they rapidly 
became dull and opaque, indicating that the salt had been obtained in 
a hydrated form. This was confirmed by the analysis of fresh 
aystals. For the analysis, sulphur was determined as in the pre- 
wding case, and the cesium remaining in the filtrate was determined 
as sulphate : 

03090 gave 0°4554 BaSO, and 0°2340 Os,SO,. S= 20°24; Cs=55°65. 

Cs,S,0;,H,O requires S = 20°20 ; Cs=55°87 per cent. 

Using a mixture of methylene di-iodide and tetrabromoethane, the 
density was found to be 3°192, as the average of seven deter- 
ninations (limits, 3°189 and 3196). Molecular volume = 149°1. 

A complete crystallographic examination could not be made at the 


time, owing to the rapid efflorescence of the crystals, but they were 
proved to belong to the triclinic system. 

The easy dehydration of the salt indicated that the transition 
temperature is low, so that it might be possible to prepare the 
auhydrons salt in a erystallised form for comparison with those of 
potassium and rubidium. ‘This was effected without difficulty by the 
very slow cooling of a hot solution (about 50°) containing alcohol. 
The salt is not isomorphous with the other two, however, but erystal- 
lies in the triclinie system. Since the crystals which were obtained 
Were not very well formed, the crystallographic examination did not 
prove very satisfactory, and the description of both forms will therefore 
be deferred. 


When it was sought to determine the density of the anhydrous 
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trithionate, it was found that a whole crystal just floated on undiluted 
methylene di-iodide, but that after it was fractured, some of the 
fragments sank in the same liquid; the density would therefore 
appear to be very slightly higher than that of the methylene di-iodide, 
which we found to be 3°326. 

For the analysis, the total sulphur was determined as before, and 
the cesium directly as sulphate on a fresh portion : 


02953 gave 0°4566 BaSO,. S=21-2. 
071894 ,, 01532 Cs,SO,. Cs=57°9. 
Cs,8,0, requires S = 20°98 ; Cs=58-07 per cent. 


The Estimation of Rubidium and Caesium. 


The estimation of the metals of the alkali group as sulphates by 
ignition with sulphuric acid is very simple in the case of the lowest 
member of the group, but becomes less easy with increasing atomic 
weight. This is due to the increasing stability of the acid sulphates 
and anhydrosulphates, and the increasing volatility of the normal 
sulphates. Various investigators have, on this account, recommended 
that rubidium and cesium should be determined as acid sulphate or 
as anhydrosulphate by heating with sulphuric acid at some definite 
temperature, a method which is not very convenient. We have tried 
another method, which promises to give satisfactory results in a 
simpler manner. It was based on the fact that the metals of the 
alkali group form with those of the alkaline-earth group definite 
double sulphates of the type M,SO,,MSO,, so that there was some 
reason to expect that if the ignition with sulphuric acid were carried 
out in presence of an excess of, say, calcium sulphate, the double salt 
would be formed in preference to the acid sulphate or the anhydro- marki 
sulphate. In that case, the excess of acid might be completely tion ¢ 
removed at a temperature sufficiently below that at which appreciable lisatic 
volatilisation of the double sulphate would take place without the tracer 
necessity of adhering to definite limits. and ¢ 

To test the method, a moderate quantity of pure calcium sulphate deter 
was placed in a platinum crucible, which was then ignited and weighed. 
As a preliminary test, which did not require to be repeated in subse- 
quent experiments with the same material, sulphuric acid was added 
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and the ignition repeated; there was no change in weight. The distil 
cesium salt was next added along with sulphuric acid, and the whole until 
gradually heated. It was found that a constant weight was attained ere 
at a low red heat, and that the increase in weight above that of the stirre 


crucible and calcium sulphate alone agreed well with the quantity of 
cesium sulphate calculated. The method would therefore appear to be 
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atisfactory, but, as very few determinations have so far been made 
wy means of it, a more extended test of its applicability still remains 
be performed. ‘The results of this we hope to communicate along 
sith the other matters already foreshadowed. 


CHEMISTRY DEPARTMENT, 
UNIVERSITY OF EDINBURGH. 


(LXIX.—The Spontaneous Crystallisation of Solutions 
of some Alkali Nitrates. 
By Bernarp Movar Jones. 


Tat work recorded below was undertaken with a view to deter- 
wining whether the existence of a supersolubility curve, which 
has been observed in several cases, is a general phenomenon, and, 
if possible, to throw more light on the meaning of. this curve. The 
slutions chosen for investigation were those of potassium, rubidium, 
and cesium nitrates, since these salts crystallise from aqueous 
slution in the anhydrous condition, and their crystals form an 
isomorphous series. These salts are only moderately soluble in 
water, and the viscosity of their supersaturated solutions is prob- 
ably insufficient to offer much hindrance to spontaneous crystal- 
lsation. Since they have approximately equal molecular volumes 
(481, 47°0, 52°8), the relative magnitudes of the metastable regions 
should be nearly independent of this quantity. 

All three salts have given a well-defined supersolubility curve, 
uarking the temperature limit above which spontaneous crystallisa- 
tion of the salt phase cannot, and below which spontaneous crystal- 
sation can, take place. The ice-supersolubility curves have been 
traced, also the ice-solubility curves, for solutions of rubidium 
and cesium nitrates, which do not appear to have been previously 
determined. 

The method used was the same as that adopted in the investi- 
gation of sodium sulphate solutions (Hartley, Jones, and Hutchin- 
‘on, this vol., 825). Weighed amounts of the nitrates (Merck) and 
distilled water were sealed up in small glass tubes, and then warmed 
util all traces of crystalline material disappeared. The tubes 
vere then allowed to cool slowly with constant shaking in a well- 
fired water (or toluene) bath, the temperature of which was 
falling one degree in fifteen minutes, until crystallisation took 
place. The process was then repeated, keeping the temperature 
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of the bath a long time slightly above the temperature at which 
crystallisation was first observed. This often had the effect of 
raising the observed temperature of crystallisation by one or two 
tenths of a degree. 

The first experiments were done with tubes containing no solid 
matter, such as glass or garnets, to produce mechanical friction, 
Since it has been shown (J. Chevalier, Min. Mag., 1906, 14, 65, 
142) that crystallisation in the metastable region can be brought 
about by crystalline fragments the crystal form of which bears no re. 
lation to that of the solid phase crystallising, it was thought advis. 
able to avoid any possible “inoculations ” of the three salt solutions 
by crystal fragments, such as garnets, which might have unequal 
effects in the three cases. The results obtained with tubes contain- 
ing no solid matter at first gave indications of regular supersolu- 
bility curves. But irregularities soon began to appear, especially 
in the more concentrated, and therefore more viscous, solutions. 
The remaining experiments were done with tubes containing small, 
irregular fragments of Jena glass, which could have no “ inoculat- 
ing”’ effect. The effect of these glass fragments was to make the 
phenomenon of crystallisation more definite, and generally to raise 
the temperature at which crystallisation took place. The thermo- 
meters used were graduated in tenths of a degree, and were 
standardised against a thermometer with Reichsanstalt certificate. 


Gr 
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fm 100 


Crystallisation of Potassium Nitrate. 


TaB_eE I. 


net CaNno, 


Grams Gram-mols. Temperature of 
KNO, in 100 KNO,in 100  crystallisa- 
Grams KNO,. Grams H,O. grams H,0. grams H,O. tion of KNO,. 


05232 3°7213 14:07 0-139 —1°8° iM 
0°9121 5°7430 15°88 0°157 07* ‘ 
1°6474 82649 19°93 0-197 4-4 ; 
09166 4°1798 21°93 0-217 TS 3 Oo 
1°4818 59872 24°75 0-245 10°0 3 
0°9520 3°1398 30°32 0300 16°0* Bi 
20709 6°8151 30°40 0-301 129 A 
1°3488 4:0770 33°08 0°328 16°4 

1°5976 4°0139 39°80 0°394 22°2 * 
1°1012 2°7391 40°20 0°398 20°1 es 
1°0573 2°6216 40°33 0-399 23°5 * — 
40102 -8°2495 48°61 0°481 27°0 = 
1°7150 3°4466 49°75 0-493 28°9 * 0° 
3°7150 6°5884 56°40 0°558 29°8 

171198 1°8628 60°11 0°595 33°9 * 

38061 56896 66°90 0°662 35°5 

2°0641 29626 69°67 0°690 38°4 * 
1°7341 21968 78°94 0°782 42°8 * asterisk 
33483 41101 81°45 0°807 42°6 ments. ' 
3°8558 40242 95°81 0949 47°6 ell 
3°5318 3°5014 100°89 0-999 51°8 * wlubility 
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Crystallisation of Potassium Nitrate. 
TaBLe I (continued). 
Grams Gram-mols. Temperature of 


KNO,in 100 KNO,in 100 crystallisa- 
Grams KNO;. Grams H,O. — grams H,O. grams H,0. tion of KNO;, 


3°9358 3°3318 118°12 1170 55°6 
2°2733 1°8694 121°60 1°204 60°5 * 
53865 3°9727 135°59 1°345 60°9 
1°6092 1°1323 142°12 1 407 66°1 * 
2°2153 1°3964 158 °64 1°571 i Se ad 
3°0732 1°7366 176'97 1°752 76°6 * 
6°9816 3°8562 181°04 1°793 75°9 
2°1508 1°0808 199-00 1°970 82°8 * 


Table I gives the highest temperatures at which potassium nitrate 
aystallised from aqueous solutions of various strengths. An 
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Solubility and Swpersolubility Curves of Potassium, Rubidium, and Caesiwm 
Nitrates in. Water 
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Gram-molecules RbNO, in 100 grams H. 
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erisk signifies that the corresponding tube contained glass frag- 
wats. The results are plotted in Fig. 1, which shows both the 
“ubility and supersolubility curves. In the figure, © represents 
VOL. XCIIT 52 
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a point obtained with a tube containing glass fragments; x ind. 
cates a tube containing no solid matter. It will be noticed 
that the results obtained with glass fragments lie on a regular 
curve, whilst in the absence of such fragments crystallisation often 
did not take place until the solution was in the labile condition. 
The phenomenon of crystallisation was very definite in the presence 
of mechanical friction, successive determinations almost always 
agreeing within one-tenth of a degree. At the temperature of 
spontaneous crystallisation, a sudden shower of small crystals was 
produced. The supersolubility curve runs nearly parallel to the 
solubility curve, gradually approaching it as the concentration 


decreases. 


greal 
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Crystallisation of Rubidium Nitrate. 
Taste II. 


Grams Gram-mols. Temperature of 
RbNO, in 100 RbNO,in 100 —crystallisa- 
Grams RbNO,. Grams H,O. grams H,0. grams H,0. tion of RbNO, 


0°6867 2 3069 29°76 0202 70°" 
1°4226 3°5430 40°15 0-272 12°6 

0°4574 0°9630 47°50 0°322 16°2 

1°6911 3°4465 49°07 0°333 16°8 

0°8952 18032 49°64 0°337 17°3* 

0°5913 0°9258 63°86 0°433 22°5 * 

1°1640 1°7852 65°20 0°442 24°0 

2°0046 2°8240 70°98 0482 25°6 

2°7294 3°5554 76°77 0°521 27°8 

1°8308 23464 78°03 0°529 28-0 It 1 
0°9432 1°0872 86°75 0°589 30°9 * t 
3°3627 3°5944 93°56 0°635 30°3 ~~ 
1-0664 1°0181 104°74 0-711 36°1 * the lir 
1°2642 1-0643 118°78 0°806 39°3 The « 
2°5579 19118 133°79 0°908 41°5 
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3673 0°9386 145°68 0°988 46°7 * 
2046 1°3258 16628 1°128 50°8 * 
5680 0°8528 183°86 1°247 551 * 
“4128 1°7090 199°70 1°355 54°5 

"8726 0°8803 212°72 1°443 61°1 * 
0°9170 268°39 1°821 70°0* 
0523 1°4930 271742 1°841 66°9 

3324 0°4335 307 °36 2°085 76°6 * 
‘8271 0°5297 344°93 2°340 82°4 * 
3975 0°8793 386°35 2°621 86'1 
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In this case, also, crystallisation in presence of mechanical friction 
was very definite, different readings for the same tube generally 
agreeing to one-tenth of a degree. Except in the case of very 
concentrated solutions, a shower of crystals was not, as a rule, 
observed. Usually about four or five small crystals would suddenly 
make their appearance. A shower of crystals was more often 
observed in tubes containing no glass fragments, in which case 
the “ relief of supersaturation ” caused by crystallisation was much 
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greater. The supersolubility curve is seen to run nearly parallel 
to the solubility curve, at a distance from it, for moderate con- 
centrations, of about one degree. It is plotted in Fig. 1. 


Crystallisation of Caesium Nitrate. 


Taste III. 


Grams Gram-mols. Temperature of 
CsNO, in 100 CsNO,in 100 — crystallisa- 
Grams CsNO;. Grams H,0. grams H,O. grams H,O. tion of CsNQ. 


0°4005 4°0323 9°93 0051 — 0°3° 
0°3151 2°5929 12°15 0°062 4°5 * 
0°3256 2°4204 13°45 0°069 6°5 
0°4537 2°5396 17°85 0°092 13°6 
0°3701 1°8222 20°31 0°104 16°9 * 
0°9810 4°2856 22°90 0°117 19°5 
0°7003 2°6008 26°92 0°138 23°5 
0°9231 2°9904 30°87 0°158 27°5 * 
0°5616 1°6428 34°18 0°175 29°9 
0°6702 1°7038 39°33 0°202 33°8 
10483 2°3606 44°40 0°228 38°4 * 
19602 4°0420 48°49 0°249 39°5 
1°0254 1°8426 55°65 0°285 45°3 * 
11977 1°8959 63°17 0°324 48°5 
0°9353 1°3296 70°34 0°361 53°3 * 
1°5143 1°6817 90°04 0°462 62°9 * 
1°1045 1°1117 99°36 0°510 65°1 
1°9474 1°4969 130°10 0°667 a7 * 


It will be seen in Fig. 1 that the temperatures of spontaneous 
crystallisation of cesium nitrate lie on the solubility curve within 
the limits of error, and the metastable region therefore disappears. 
The crystallisation was in all cases extremely definite, although, 
as is to be expected, nothing like a shower of crystals was ever 
observed. Instead, a few, sometimes only one or two, minute 
crystals appeared, too small to be properly examined with an 
ordinary pocket lens. They were not, as a rule, sharply defined, but 
presented a somewhat globular or spherulitic appearance. On 
lowering the temperature slightly, they grew rapidly, and other 
well-defined crystals would make their appearance. On raising the 
temperature two or three tenths of a degree, they very slowly 
disappeared. The effect of friction in bringing about crystallisa- 
tion is seen from the figure to be much less in the case of cesium 
uitrate solutions than with potassium and rubidium nitrates. 
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Crystallisation of Ice from Solutions of Potasstwm Nitrate. 


TasLe IV. gran 
_ Grams Gram-mols. Temperature of ‘ 
KNO,in 100 KNO,in 100  erystallisa- ' 
Grams KNO;. Grams H,O. grams H,O. grams H,O. _ tion of ice, 
0°0921 4°9387 1°86 0°018 -1°5" 
0 0545 0°8717 3°95 0°039 —2°6 * 
0°1222 17291 7°06 0°070 -3°2 * 
0°1180 1°1544 10°22 0°101 -—4°5 * 
0°2927 2°4623 11°88 0°118 —5°3 * 
Grams 
These results, which show the temperatures at which ice crystal- 0 
lises spontaneously from dilute solutions of potassium nitrate, are : 
plotted on a larger scale in Fig. 2. The production of the ice 0 
phase appears to be a somewhat less definite phenomenon than 4 
the production of the salt phase. The points plotted represent the Th 
highest temperatures at which, by means of vigorous shaking, the i a 
Fic. 2. to gir 
, tempe 
| one a 
just ¢ 
g q. or 0-4 
3: of sa 
ss Fig. : 
Py spont 
S ter, es 
= contai 
water, 
Temperature before 
: the hi 
crystallisation of ice could be induced to take place. Ice was, the we 
however, not always produced at these temperatures, there being tectic 
as much as half a degree difference between some determinations ons 
with the same tube. The curve drawn cuts the temperature axis at water, 
about —0°5°, which is the temperature of spontaneous crystallisa- 
tion of ice from pure water observed by Hartley, Jones, and Solubal 
Hutchinson (Joc. cit.). The temperature observed by Miers and 
Miss Isaac (Chem. News, 1906, 94, 89) was —0°4°. The highest 
temperature observed by the author at which ice was produced in 
pure water containing glass fragments was —1°2°. The value ee 
—0°5° was obtained with water containing garnets, and this fact eo 
may perhaps account for the discrepancy. Miers’ value was obtained 0°05: 
“by introducing glass, garnet, galena, or lead into the tubes. ri 
The ice- and potassium nitrate-supersolubility curves give rise, by 0-994 
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their intersection, to a “ hypertectic”’ point at about —5°3°, the 
lution containing 0°118 gram-mols. of potassium nitrate per 100 
grams of water. 


Solubility and Supersolubility of Ice in Rubidium Nitrate 


Solutions. 
TABLE V. 
Temperature 
Grams Gram-mols. of erys- Temperature 
RbNO,in 100 RbNO,in 100 | tallisa- of 
Grams RDNO;. Grams H,O. grams H,O. grams H.O. tion of ice. saturation. 
0°0547 4°7057 1°16 0°008 — -0-4°* 
0°0615 4°9726 1°24 0°008 —1°8° — * 
0°1129 2°0959 5°39 0°036 -2°1 — * 
0°1298 1°3046 9°94 0°067 —3°5 «ij * 
0°3574 2°5585 13°97 0085 -4°2 -2°3* 


The ice-solubility curve was determined, using the same tubes 
as for the supersolubility experiments. The solutions were frozen 
to give a small quantity of ice, and then by suitably regulating the 
temperature of the bath, two temperatures were determined, 
one at which the ice was just dissolving, and one at which it was 
just growing. These temperatures differed generally by about 0°3° 
or 04°, and the mean of the two was taken to be the temperature 
of saturation. The results, represented thus: A, are plotted in 
Fig. 2. As in the case of dilute potassium nitrate solutions, the 
spontaneous production of ice was of a somewhat uncertain charac- 
ter, especially in the more dilute solutions. For instance, one tube 
containing 0°008 gram-mols. of rubidium nitrate per 100 grams of 
water, crystallised on one occasion at —1°8°, and on another not 
before —2°8°. The supersolubility curve for ice is drawn through 
the highest observed temperatures, and, as before, is seen to cut 
the temperature axis at about —0°5°. The eutectic and “ hyper- 
tectic” points are respectively about —2°7° and —4°7°, the solu- 
tims containing 0°116 and 07110 gram-mols. per 100 grams of 
water, 
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Tasie VI. 
Temperature 
Grams Gram-mols. of crys- Temperature 
CsNO,in 100 CsNO,in 100 _ tallisa- of 
sms CSNO,. Grams H,O. grams H,O. grams H,O. tion of ice. saturation. 
00082 3°8347 0°21 0001 - 1°2° ~0°3°* 
0°0599 1°6619 1°28 0°007 —2°5 -0°4* 
00968 2°4254 3°99 0°020 ~§0 — * 
01184 19692 6°01 0°031 32 1°2* 
0-248 28096 3:00 0-041 3:2 -13* 
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The solubility curve was determined as above, and is plotted jn 
Fig. 2. The spontaneous production of ice again seemed to be 
rather sluggish, and the ice-supersolubility curve takes an 


unusual form, although cutting the temperature axis at about 1.8 
—0°5°. The eutectic and “ hypertectic”’ points are at —1°5° and dium, 
— 3°3°, with concentrations of 0°046 and 0°044 gram-mols. per 100 temper 
grams of water respectively. 9 T 
spondi 
Discussion of Results. . . 
cesium 
The above results are based on about 280 experiments, in all] 4.7 
of which spontaneous crystallisation took place. The results least fc 
obtained with tubes containing glass lie on fairly regular curves, is the 
and in no case did crystallisation take place appreciably within 
the metastable region as defined by these curves. The experiments The 
afford additional evidence that as far as capacity to crystallise is Oxford 
concerned, supersaturated solutions show an abrupt change in Gov 
passing from the metastable to the labile state. 
Although the molecular solubility of potassium nitrate is inter- 
mediate between that of rubidium and cesium nitrates, the size 
of the metastable region follows the molecular weight of the salts, 
the metastable range for rubidium nitrate being intermediate in 
size between those for potassium and cesium nitrates. The super- CLXX 
solubility of these three isomorphous salts appears to afford another ; ( 
instance of periodicity of properties. Taking equal molecular 
concentrations of the three salts, say, 0°6 gram-mols. of salt per 100 a 
grams of water, the metastable ranges are respectively about By J 
4°,1°, and 0°. In view of the fact that cesium nitrate is the most 
strongly ionised of all salts, and is the least liable of all salts to Tae p2 
hydration in solution (Abegg and Bodlinder, Zeitsch. anorg. Chem., compou 
1899, 20, 453; W. Biltz, Zeitsch. physikal. Chem., 1902, 40, 217), are kn 
it is interesting that it should be the only salt so far known to pounds 
possess no measurable metastable region. Theoretically, there must ating a 
be supersaturation before crystallisation can take place, but in the the sin 
case of cesium nitrate the necessary amount of supersaturation thosen 
is too small to be measured by the method used. Whether this i8 foun 
fact is in any way connected with the lack of hydration of the one of 
cesium nitrate molecules, there are insufficient data as yet to those gr 
decide. On general grounds, hydration of the molecules of salts been e3 
which crystallise in the anhydrous state would be expected to The 1 
hinder crystallisation. This is in accordance with the observed that er 
order of magnitude of the metastable regions of the three salts found 1 
investigated. With a view to seeing how the metastable range absorpt 
depends on the energy changes accompanying crystallisation, the nthe y 


ABSORPTION SPECTRA AND CHEMICAL CONSTITUTION. 1747 


yithor hopes to determine shortly the heats of crystallisation of 


these salts. 
Summary. 


|, Supersaturated solutions of the nitrates of potassium, rubi- 
dium, and cesium, freed from crystal nuclei, crystallise at definite 
temperatures when subjected to mechanical friction. 

9, The supersolubility curves for the three salts and the corre- 
ponding ice-supersolubility curves have been traced. 

3. The ice-solubility curves for dilute solutions of rubidium and 
sium nitrates have been traced. 

4, The metastable range is greatest for potassium nitrate and 
least for cesium nitrate, the size of the metastable region decreasing 
as the molecular weight increases. 


The author wishes to thank Mr. Harold Hartley, Balliol College, 
Oxford, for valuable suggestions. 
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(LXX.—The Relation between Absorption Spectra and 
Chemical Constitution. Part IX. The Nitroso- 
and Nitro-groups. 

By Epwarp CHarLes Cyrit Bary and Cecit Henry Descu. 


Tue present communication deals with the absorption spectra of 
compounds containing the groups ~NO and ~NO,, both of which 
ae known to exert a great influence on the colour of organic com- 
pounds into which they are introduced. With the object of elimin- 
ating as far as possible the effect of conjugation with other groups, 
the simplest aliphatic and inorganic compounds available were 
chosen for investigation. Since the position of the absorption band 
isfound to be influenced greatly by the nature of the atom to which 
one of the above groups is directly linked, compounds containing 
those groups linked to carbon, nitrogen, oxygen, and sulphur have 
ben examined. 

The method of observation adopted is in principle the same as 
that employed in previous papers of this series, but it has been 
found necessary to introduce several important modifications. The 
ibsorption bands of many of the compounds studied fall high up 
inthe visible region of the spectrum, and with small dispersion their 


a 
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tional to their oscillation-frequency, so that the distance, for 
example, from a fringe arbitrarily selected to the tenth in order 
from it, represents the same difference of oscillation-frequency as 
that from the tenth to the twentieth. Two fixed points are then 
suficient for calibration. When a carbon arc is employed, one 
of those is already given by the head of the first band at 1/A2574, 
shich is always well marked in the photographs. For the other, a 
single line, such as the line at 1/A1701 given by a helium vacuum 
tube, is the most suitable. It is best to make two exposures 
of the fringes without any intervening liquid, one at the top and 
one at the bottom of each plate, and to superimpose the helium 
line on each of these. The wedge covering the slit is opened a 
little for this purpose, so that the line slightly overlaps the spec- 
trum. In reading the negative, lines are ruled with a fine point 
through these standard points, crossing the intermediate spectra, 
and the fringes are counted from these fixed datum lines. It 
facilitates counting if lines are also ruled at every fifth or tenth 
fringe. The oscillation-frequencies of intermediate fringes are 
obtained by graphical interpolation, the relation between number 
of fringe and oscillation-frequency being strictly linear. It is 
necessary to repeat the calibration with each plate, as the position 
of the fringes varies with the temperature, owing to the change 
in thickness of the film of air. With the interference plate 
employed in these experiments, the distance between two adjacent 
fringes represents a difference of oscillation-frequency of about 16. 


Nitro-paraffins. 


Nitromethane and nitroethane give a shallow absorption band 
at 1/43600 when examined in V/10 solution in alcohol (Fig. 1). 
The addition of sodium ethoxide precipitates the sodium salt, so 
the effect of alkali has been studied in 50 per cent. alcohol. The 
addition of one equivalent of alkali removes the band, but on 
keeping the solutions overnight and again examining, the nitro- 
methane is found to have developed a new band at 1/A3300 at a 
much higher dilution. The alkaline solution of nitroethane, on 
the other hand, remains unchanged for many days. After photo- 
graphs of these spectra had been taken, a paper on the absorption 
spectra of nitro-compounds by E. P. Hedley appeared (Ber., 1908, 
41, 1195), in which the mononitro-paraffins were stated to exhibit 
wily continuous absorption, the absorption being increased by the 
addition of alkali, but without the production of a band. In view 
of this discrepancy, the experiments were repeated with freshly- 
distilled nitromethane and nitroethane, boiling within one-tenth of 
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NH, 
the c 
the 
NH) 
Cai 
ting 


a degree, but the spectra observed only confirmed our previous 
results. We therefore conclude that the mononitro-paraffins show a 
small, but distinct, absorption band. 

The increased absorption due to the introduction of the nitro. 
group into a hydrocarbon has been further studied by 2 comparison 
of styrene, C,;H,-CH-CH;, with o-nitrostyrene, C;H;*CH:CH-NO, 
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(Fig. 2). Whilst styrene gives an absorption curve with only 4 
small extension at 1/3600, its w-nitro-derivative has a large absorp: 
tion band at 1/A3400. 


small 
NH, *C 
additic 
incipie 
OE 
band | 


Nitroamides. 


Passing now to compounds in which the nitro-group is directly 
linked to a nitrogen atom, the simplest representative is nitroamide, 
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\H,,NO,. This does not show any selective absorption (Fig. 3), 
the compound possibly behaving in solution as an internal salt, but 
the introduction of a methyl group yielding methylnitroamide, 
YHMe‘NO,, gives rise to a well-marked absorption band. 

Carbamide is remarkably diactinic, a normal solution transmit- 
ting practically the whole spectrum, and urethane shows only a 


Fic. 2. 
Oscillation frequencies. 
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small continuous absorption. On the other hand, nitrocarbamide, 
NH,CO-NH-NO, (Fig. 4), shows an increased absorption, and on 
dition of alkali in excess a rapid extension of the spectrum, or 
inipient band, appears in V/1000 solution. With nitrourethane, 
0ECO-NH-NH,, the addition of alkali produces a well-marked 
tand at 1/13900. All these compounds were prepared by the 


4 | = 


1752 BALY AND DESCH: THE RELATION BETWEEN ABSORPTION 


with 
colour 
dissol\ 
form. 

owing 
colour 


methods described by Thiele and Lachmann (A nnalen, 1895, 288, 
267). 
Nitroguanidine, NH:C(NH,)*NH-NO,, is so sparingly soluble jn 
alcohol or water that the spectrum of the free substance could not 
be examined. Solutions in aqueous or alcoholic alkali showed only 
continuous absorption. , 
Fic. 3. 
Oscillation frequencies. 
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Vitroso-compounds, 


The only true nitroso-compounds known in the aliphatic series 
are those in which the nitroso-group is attached to a tertiary carbon 
atom, and such compounds are intensely blue in colour. tert.-Nitroso 
‘sopropylacetone was selected as the most stable representative of its 
class. When prepared by the oxidation of diacetonamine oxalate 
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sith Caro’s reagent (Bamberger, Ber., 1903, 36, 685), it forms 
wlourless crystals, which may be weighed without loss, and 
jssolve to form colourless solutions of the bimolecular 
rm. The colour of such solutions gradually becomes blue, 
oving to depolymerisation, but the aqueous solution remains 
wlourless for a considerable time unless heated, and _ in 
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Oscillation Tre que neies. 
26 28 300032 34 36 38400042 44 


36 = 
sath Sean 
\ | | 2000 
32 aor ioe ie! Slee 
| | 
= 30 \ \ | a —} 1000 
= \ |_| 
$ 28 \ aay 500 
| 50 = 
S 26 Ir iz Rac . = 
: WW : 
= apo 4 i E 
\ 200 & 
> 92 | \ \ | = 
3 ‘y Je = 
2 20 Tt 100 & 
S48 rw NI | » 
S vst TAN e 3 
S 16 ‘ | = 
= ish Na \ = 
> \ H L | 2 «OS 
12 sh Sn — = 
> i | $ 
= 10 \. 1 + : 10 = 
3 Wil | | \ < 
5 8 Sct “ 
— ea 0 
> 6 4 po 
| \ \ 
4 4 || 
| a 7) 
2 wt j a v4 
“Sp ape=4_§ 
oes 


‘ull curve I: Nitrocarbamide in alcohol. 

Dotted curve: Nitrocarbamide with alkali. 

Dot and dash curve : Nitroguanidine in alkali. 

Full curve Il: Nitrowrethane in alcohol. 

Dash and two dots curve : Nitrowrethane with alkali. 


this state shows a single absorption band in the ultra-violet 
Fg. 5). After heating the solution several times and cooling, 
itis band is found to have diminished greatly in persistence, and a 
tew band appears in the red. It is this band which gives rise 
0 the blue colour, and characterises the unimolecular form of the 
“mpound. Even very thick layers of an V/10 solution continue 
“transmit the blue rays, so that it was not found possible to 
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construct the complete absorption curve. The blue alcoholic solution 
gives essentially the same spectrum, but the band in the ultra. 
violet, due probably to the double molecules, is much diminished 
in persistence. 

tert.-Nitrosobutane, prepared by the oxidation of tert.-butylamine 
with Caro’s acid (Bamberger, /oc. cit.), is so extremely volatile that 
its isolation was found to be impracticable, and an ethereal solution 
of approximately the same depth of colour as the V/10 solution of 
tert.-nitrosoisopropylacetone was therefore used. The absorption 
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curve (Fig. 6, curve III) closely resembles that of the latter com 
pound in both the red and the ultra-violet regions. 

Aromatic nitroso-compounds are green in the unimolecular state 
instead of blue, but an examination of the spectrum of nitroso 
benzene (Fig 7, curve I) shows that the absorption is essentially 
similar in character, the band in the visible region being greatly 
displaced towards the extreme red, to such an extent, in fact, that 
the red edge of the band falls beyond the limit of our photographic 
method. The ultra-violet band is of great persistence, but occupies 
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the same position as in the spectrum of the aliphatic nitroso- 
compounds. 

Two inorganic compounds of strikingly blue colour, containing 
the group >N-:O, were also examined. The first of these, the 
s-alled potassium oxysulphazotate, is readily prepared by the 
oxidation of potassium hydroxylaminedisulphonate with potassium 
permanganate (Raschig, Ber., 1907, 40, 4580). The fact that it 
forms yellow crystals in the solid state, but dissolves in water to 
a purple solution deceptively like the permanganates in colour, 
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1: Potassium oxrysulphazotate in water. 
IL: tert.-Nitrosobutane in ether. 
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suggests an analogy to the nitroso-compounds. Hantzsch and 
Semple (Ber., 1895, 28, 2744) have therefore represented it 
a O:N(SO,K),, the yellow form being bimolecular. It will be 
uoticed that the unimolecular formula involves quadrivalent nitro- 
geu. The spectrum (Fig. 6, curve 1) shows a single large absorption 
re having its head at 1/1850. There is no band in the ultra- 
violet. 

Another blue nitrogen compound is the substance obtained on 
reducing nitrosulphonie acid with mercury or copper, giving rise 
othe transient blue coloration observed in the nitrometer. Unfor- 
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tunately, the free acid and its mercury salt are too unstable to 


of t! 
allow of the examination of their spectrum, but the copper salt is , 


comparatively stable in concentrated sulphuric acid solution ¥, 
(Raschig, Joc. cit.). The spectrum shows a broad band in the red 

(Fig. 6, curve III). The concentration of the solution was not has | 

is in 
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Full curve : Nitrosubenzene in alcohol. 
Dotted curve : Nitrosowrethane in alcohol. 


Hartley 
¥/10 g¢ 
determined, and as much unreduced nitrosulphonic acid was than th 
present, it was not thought necessary to examine the ultra-violet “barium 
region. Asa part of the blue colour may be due to the copper, the amyl nj 
spectrum of copper glycine, chosen as a typical blue complex salt respect | 
of copper, has also been examined. The band falls within that of ‘ 

copper nitrosulphonate, and probably does not disturb the position take, Ph 


VOL, } 
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of the band due to the latter. A solution of nitrosulphonic acid, 
NO,"SO,H, in sulphuric acid shows continuous absorption (curve 
V in Fig. 9). The nitrososulphonic acid obtained by its reduction 


, gi nee | , 
has been represented as having the constitution O:N <S0,H which 


is in agreement with the similarity of its spectrum to that of the 
oxysulphazotates. 
The spectra of the metallic nitrates have been examined by 
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. | Barium nitrite in water. 
‘ \Sodium ,, m 


Il: Amyl nitrite in alcohol. 


Hartley.* The nitrites give a well-marked absorption band in 
j \0 solutions (Fig. 8), the band lying much nearer to the red 
‘tan the corresponding nitrate band. Sodium, potassium, and 
tarium nitrites give identical spectra. An alcoholic solution of 
any! nitrite shows a band in the same position, differing in this 
‘spect from the esters of nitric acid, which do not exhibit selective 
* Trans., 1902, 81, 556 ; 1903, 83, 221, 658. For earlier observations, see 
“kes, Phil, Trans., 1862, 152, 599 ; Soret, Compt. rend., 1878, 86, 708. 
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absorption. The nitrite band enters the region of colour, and hence 
causes the yellow colour of the metallic and alkyl nitrites. A 
comparison of Figs. 8 and 10 will show, indeed, that the nitrites 


are more coloured than the nitrosoamines. The bands observed by i 
Soret and Rilliet (Compt. rend., 1879, 89, 747) by means of a 
fluorescent eyepiece were not found. 
Sodium hyponitrite, prepared by Divers’ method from the nitrite vg 
Fic. 9. 
Oscillation frequencies. 
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V: WNitrosulphonic acid in concentrated sulphuric acid. 
(Trans., 1899, 75, 95), shows only continuous absorption (Fig. 9). 
The sodium salt of nitrohydroxylamic acid, to which the formula @j ™ by 
ONa:N:N-ONa or ONa‘N-N-ONa has been assigned (Angeli, ‘vs: 
o Ns of alka 
O II and 


Gazzetta, 1896, 26, ii, 17; 1897, 27, ii, 357), shows a sudden exten- soluble 
sion of the spectrum at 1/A2800—3200, which may be regarded mal] p 
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san incipient band. The salt was prepared by digesting Kahl- 
baum’s preparation of the barium salt with an equivalent solution 


of sodium sulphate. 
Hydroxylamine and potassium hydroxylaminesulphonate, 


OH-NH-SO,K, 


are remarkably diactinic, even in concentrated solutions. Potass- 
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1: Diethylnitrosoamine in alcohol. 
Il: Dimethylnitrosoamine  ,, 
Ill: Phenylmethylnitrosoamine in alcohol. 


ium hydroxylaminedisulphonate (oximidosulphate), OH:N(SO,K)p, 
shows a small general absorption, which is increased on the addition 
f alkali, but without the production of a band (Fig. 9, curves 
Il and IIa), Potassium nitrilosulphate, N(SO,K),, is so sparingly 
wluble that only a very dilute solution could be examined ; it shows 
mall general absorption. 
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Nitrosoamines.—Alcoholic solutions of methyl- and ethyl-nitroso. 
amine show a strong band (Fig. 10). Phenylmethylnitrosoamine 
shows a small extension near 1/2700, and a rapid extension from 
1/A3400—4200 in V/1000 solution. Dobbie and Tinkler (Trans, 
1905, 87, 273) found a shallow absorption band in this position, 
but although the substance was purified by distillation, followed 
by repeated freezing, we were unable to observe more than a 
horizontal extension. 

The absorption spectrum of nitrosourethane, OEt-CO-NH-NO, 
prepared by Thiele and Lachmann’s method (loc. cit.), is shown 
in Fig. 7, curve IT. The marked yellow colour of this compound 
is due to a strong absorption band at 1/A2400. 


We reserve for the present any discussion of the theoretical 
bearing of the results, but it has now been established that the 
nitro- and nitroso-groups give rise to definite selective absorption, 
the oscillation-frequency of which is remarkably low in the case of 
nitroso-compounds, and that the position of the band is greatly 
influenced by the nature of the atom to which the group is directly 
linked. 

SpEcrroscopic LABORATORY, 

UNIVERSITY COLLEGE, 
LONDON. mos 


CLXXI.—The Synthesis of Complex Acridines. 
By Percy Cor.tett AvsTIN. 


Tue researches during the past decade on the constitution of the 
morphine group of alkaloids lend peculiar interest to the study 
of the more complex heterocyclic compounds, especially of those 
derived from phenanthrene. The subject has already attracted 
the attention of chemists; thus Hinsberg and Garfunkel (Annalen, 
1896, 292, 264), J. Schmidt and Kampf (Ber., 1902, 35, 3120), 
Calhane and Wheeler (Amer. Chem. J., 1899, 22, 457), and others 
have investigated p-diazines derived from phenanthrene; a phet- 
anthroxazine has also been described by Bamberger and Grob 
(Ber., 1901, 34, 533), and quite recently Herschmann (Ber., 1908, 
41, 1998) has succeeded in obtaining 9:10-phenanthraquinoline 
from 9-aminophenanthrene by Skraup’s method. The experiments 
described in the present paper deal with acridines derived from 
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phenanthrene and from fluorene, which contains a triple ring 
system analogous to that of the former substance. 

Complex acridines have been previously investigated by the 
present author, in conjunction with Prof. Senier (compare Senier 
and Austin, Trans., 1906, 89, 1387; 1907, 91, 1233, 1240; 1908, 
93, 63), but the most complex derivatives examined were those 
of the phenonaphthacridines and of the dinaphthacridines. The 
methods devised for the preparation of these substances have now 
been utilised for the production of the acridines derived from 
phenanthrene and fluorene; these are: 

(1). The condensation of an amine with methylene dihalides 
(Senier and Goodwin, Trans., 1902, 81, 280). 

(2). The condensation of a mixture of an amine and a-naphthol 
with methylene dihalides (Senier and Austin, Trans., 1907, 91, 
1240; Senier and Compton, Trans., 1907, 91, 1927). 

In the case of phenophenanthracridine,; another method has 
been applied, namely: 

(3). The condensation of phenanthraquinone and o-nitrobenzyl 
chloride in presence of stannous chloride; this is an adaptation of 
Baener’s method (Ber., 1904, 37, 3077). 

In applying the first of these methods to the production of 
diphenanthracridines, 9-aminophenanthrene was chosen as the 
most readily obtainable of the isomeric aminophenanthrenes. On 
condensing this substance in the usual manner with methylene 
diiodide, a diphenanthracridine is formed, which, from the nature 
of the reaction, must have the structure (I). 

The product of the third method of synthesis must be a pheno- 
phenanthracridine of the structure (II). 
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Turning to the acridines derived from fluorene, it is evident that 
on account of the structure of the amine employed, 2-amino- 
‘luorene, there is room for doubt as to the constitution of the 
products, for when 2-aminofluorene (III) is condensed with methyl- 


ms dihalides the product may have either of the structures (IV) 
and (V), 


a 
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Again starting with 2-aminofluorene (III), and submitting this 
to condensation with methylene di-iodide and a-naphthol, the 
fluorenenaphthacridine which is formed might be represented by 
either of the following formule, (VI) and (VII): 
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At present no definite evidence in favour of one or other of these 
formule can be adduced, but experiments are in progress to effect 
the fission of the methylene ring system in the fluorene nucleus 
of these substances, and it is hoped that by suitable treatment of its 
the products, derivatives of acridine itself, with substituents in 
known positions, will be obtained. min 


1. Preparation of 9-A minophenanthrene. 


This compound has been prepared by J. Schmidt and Strobel mot 
(Ber., 1901, 34, 1461) from 9-nitrophenanthrene by reduction, and 
also by J. Schmidt and Ladner (Ber., 1904, 3'7, 3575) by the reduc- 
tion of 10-bromo-9-nitrophenanthrene. The latter method is to be melt 
preferred, but the yield is still far from satisfactory. In this 
method of preparation several steps are involved ; first, the direct 
addition of bromine to phenanthrene; secondly, the conversion of 
phenanthrene dibromide into monobromophenanthrene ; thirdly, the 
nitration of the latter and the separation of pure 10-bromo-9-nitro- 
phenanthrene from by-products; and lastly, the reduction of 10- 
bromo-9-nitrophenanthrene to 9-aminophenanthrene. Since useful 
modifications of the methods described in the literature have been 
introduced, during the present experiments, into each stage of 
the reaction, the process adopted is here described. 
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Bromination of Phenanthrene.—Various samples of commercial 
phenanthrene were first used, but the results were seldom satis- 
factory, owing to the presence of anthracene, which formed di- 
bromoanthracene. The solvents formerly used were carbon di- 
sulphide and ether. Ether gives uncertain results, and the use 
of carbon disulphide in large quantity is both unpleasant and 
dangerous. Very good results were obtained by dissolving pure 
dry phenanthrene (1 mol.) in commercial carbon tetrachloride 
(dried with potassium carbonate), and adding to the cooled solu- 
tin dry bromine (2 atoms), dissolved in the same solvent. The 
bromine was previously dried over sulphuric acid and distilled. 
In this way the fuming of the liquid, owing to the liberation of 
hydrogen bromide, was greatly reduced. The somewhat unstable 
phenanthrene dibromide soon crystallised as a yellow solid. 
Preparation of 10-Bromophenanthrene.—The dibromide was 
immediately transferred to a beaker and melted by heating on 
the water-bath until the copious fumes of the hydrogen bromide 
ceased. 10-Bromophenanthrene remained as an oil, which solidified 
on cooling to a mass of crystals. The latter may be recrystallised 
from light petroleum. Thirty-two grams of phenanthrene gave 
20 grams of bromophenanthrene. 

Nitration of 10-Bromophenanthrene.—The nitration, as described 
by J. Schmidt, gives a mixture of 10-bromo-9-nitrophenanthrene 
and 3-nitrophenanthraquinone, which is not easily separated into 
its constituents. It is better to use a slight excess of the strongest 
fuming nitric acid. Instead of heating the mixture for twenty 
minutes, 10-bromophenanthrene was dissolved in hot glacial acetic 
acid containing a little acetic anhydride, a slight excess of nitric 
acid was added, and the mixture was cooled at once without further 
heating. A yellow solid separated, which, when freed from the 
mother liquor, was treated with boiling toluene and filtered from 
the undissolved residue. The latter proved to be 3-nitrophen- 
athraquinone. From the filtrate a yellow solid crystallised, which 
melted at about 195°. Further fractionation gave no purer 
product. Eventually a very pure specimen of 10-bromo-9-nitro- 
phenanthrene was obtained by the following method, which was 
indicated in the investigation of the action of various reducing 
teagents on it. The impure 10-bromo-9-nitrophenanthrene was 
suspended in methylated spirit containing a little stannous chloride 
in solution, The liquid immediately became red. It was boiled 
for about two hours under a reflux condenser. The main portion 
oi the solid remained undissolved, but the solution became paler. 
On cooling, the liquid was filtered off, and the residue recrystal- 
lied from benzene. Pale yellow crystals of 10-bromo-9-nitro- 
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phenanthrene were obtained, melting at 209°. The yield was, 
however, small. 

Reduction of 10-Bromo-9-nitrophenanthrene.—J. Schmidt's 
method of reduction by using stannous chloride and glacial acetic 
acid gave very poor results. Other reducing agents, such as 
sodium and iron, were used, without obtaining the desired result. 
With zinc dust and ammonia, however, the substance was found 
to be reduced easily. Five grams of 10-bromo-9-nitrophenanthrene 
were suspended in about 200 c.c. of methylated spirit, and 12 
grams of zinc dust were added. The mixture was heated for 
about four hours on the water-bath under a reflux condenser. At 
short intervals a few c.c. of concentrated ammonia were added, 
until about 40 c.c. altogether had been used. The hot red liquid 
was filtered from the solid, evaporated to a small bulk, and diluted 
with water. A white solid separated, which was collected, dried, 
and recrystallised from light petroleum, in which it is only spar- 
ingly soluble. Long, straw-coloured needles, turning darker in the 
air and melting sharply at 138°, were obtained. They were iden- 
tical with 9-aminophenanthrene described by J. Schmidt. 
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2. Condensation of 9-Aminophenanthrene and Methylene Dihalides : ay bl 
Diphenanthracridine, CHT > Cit 


Methylene dichloride was first used. This was found to react 
at a high temperature in sealed tubes. A dark brown powder, 
having a very high melting point, was obtained, and the yield was 
extremely poor. With methylene di-iodide, however, a satisfac- 
tory result was obtained. Equimolecular proportions of methylene 
di-iodide and 9-aminophenanthrene were heated together in a test- 
tube in an oil-bath. When the temperature of the bath reached 
150°, the contents of the test-tube suddenly solidified, and the 
heating was discontinued. On treating the substance with alcoholic 
potash to remove halogen, and with acetone to remove any oily 


impurity, a pale yellow solid was obtained, which could be recrystal- Diels 
lised from nitrobenzene. It is practically insoluble in the usua! ing fluo 
organic solvents, and does not melt below 320°. It was necessary talcium 
to distil the solid under diminished pressure in order to obtain it thorene 
sufficiently pure for analysis. It distils easily and without much daitrof 
decomposition : Thirty-f 

0°1235 gave 0°4138 CO, and 0°0540 H,O. C=91'38; H=4°80. Ws boi 


Co9H,;N requires C=91°82; H=4°48 per cent. thtained 


— | | 
4 


AUSTIN: THE SYNTHESIS OF COMPLEX ACRIDINES. 1765 


3 Condensation of Phenanthraquinone and o-Nitrobenzyl Chloride in 
presence of Stannous Chloride: Phenophenanthracridine, 


N- 
CyuHs< HO ole 


Four grams of phenanthraquinone were suspended in about 
%) c.c. of boiling methylated spirit containing 30 grams of stannous 
chloride in solution. Twenty c.c. of concentrated hydrochloric 
aid were gradually added, and the liquid was boiled until no 
undissolved residue was left. During the latter process the solu- 
tin became almost black. Three grams of o-nitrobenzyl chloride 
yere added carefully in very small portions, and the heating was 
wntinued on the water-bath for five or ten minutes. Even at this 
temperature a dark brown solid separated. When cold, the mix- 
ture was filtered, and the solid residue was washed with methylated 
pirit and then once with a little cold acetone. The solid was 
thn treated with boiling concentrated aqueous potassium 
iydroxide, which produced a yellow colour. Cold water was 
aided, and the alkaline liquid was filtered off. The residue was 
yell washed with cold water, and with a little acetone, to remove 
ay black impurity still remaining. About 5 grams of a yellow 
powder were obtained in this way. The substance was recrystal- 
ied from benzene, from which it separated in bright yellow 
wedles, melting at 204°. Analyses showed that it was not quite 
pure, but, on distilling it under diminished pressure and recrystal- 
isng again from benzene, satisfactory results were obtained. The 
nelting point remained unaltered. Solutions in benzene, toluene, 
w glacial acetic acid are fluorescent : 

01317 gave 0°4350 CO, and 0°0581 H,O. C=90°08; H=4'90. 
Cy,;H,3N requires C=90°32; H=4'66 per cent. 

The compound is therefore a phenophenanthracridine. 


4. Preparation of 2-A minofluorene. 


Diels prepared 2-aminofluorene (Ber., 1901, 34, 1759) by nitrat- 
ig fuorene and reducing the nitro-compound with zinc dust and 
weium chloride, but it is more convenient to reduce the nitro- 
luorene with stannous chloride. Ten grams of finely-ground 
‘tittcfluorene were suspended in 100 c.c. of methylated spirit. 
listy-ive grams of stannous chloride were added, and the mixture 
"sé boiled under a reflux condenser until a clear solution was 
tbtained,, after which about 25 c.c. of concentrated hydrochloric 
«i were gradually added, and the boiling continued for about 
lite hours, ‘The addition of hydrochloric acid caused a white 
VOL XLII. 6B 
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precipitate to form, which, however, slowly dissolved. On cooling 
the liquid, a white double salt separated. This was collected, 
treated with excess of boiling aqueous sodium hydroxide, and then 
again collected. The residue was extracted two or three times with 
boiling methylated spirit, and filtered from an insoluble residue. 
On cooling the filtrates, white needles of 2-aminofluorene, melting 
at 129°, separated. They could be further purified by recrystal. 
lisation from benzene. 


5. Condensation of 2-Aminofluorene with Methylene Dihalides. 


2-Aminofluorene reacted with methylene dichloride in a sealed 
tube heated to 250°. A non-crystallisable, brown powder was 
obtained, which did not melt below 300°, and which could not be 
purified by recrystallisation nor by distillation. Methylene di- 
iodide, however, reacts very energetically with 2-aminofluorene 
when heated. The two substances were warmed together in a test- 
tube immersed in an oil-bath, when it was found that the reaction 
began at about 120°. The contents of the tube were treated in 
the same manner as in the case of the corresponding experiment 
with 9-aminophenanthrene, but the product could not be purified. 
On distillation under reduced pressure, it decomposed, and no 
suitable solvent could be found from which to recrystallise it. It 
was therefore not analysed. It was insoluble in water, alcohol or 
light petroleum ; sparingly soluble in boiling acetone or in boiling 
ethyl acetate, with slight fluorescence, and readily so in benzene, atte 
toluene or cold pyridine. satu 


6. Condensation of a Mixture of 2-Aminofluorene and a-Naphthol with ~ 

Methylene Di-iodide : Fluorene-)* Fa eee bers 
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This reaction is much more easily controlled than that between lime 

methylene di-iodide and 2-aminofluorene alone. Equimolecular at li 

proportions of a-naphthol and 2-aminofluorene were heated these 

together in an open test-tube in an oil-bath. One molecular pro- hydr 

portion of methylene di-iodide was then added, when it was found heut 

that the contents of the tube solidified at about 148°. As soon a8 Th 

this occurred, heating was discontinued, and the contents of the thos 
tube were treated with boiling methylated spirit until almost the 

whole of the substance was dissolved. Excess of aqueous potass pare 

ium hydroxide was added to the solution, when a solid separated. with 


The latter was collected, washed with water and acetone, dried, 
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distilled under reduced pressure, and recrystallised two or three 
times from toluene. Yellow needles, melting at 259°, were obtained, 
ae gee. 
Great care had to be taken during the analysis to avoid an incom- 
plete combustion of the carbon: 

0'1076 gave 0°3584 CO, and 0°0495 H,O. C=90°84; H=5'l1l. 
C4,H,,N requires C=90°85; H=4°73 per cent. 


. N 
which, on analysis, proved to be fluorene- G 


In conclusion, I desire to express my thanks to Prof. Collie and 
to Assistant-Prof. Smiles for much valuable advice during the 
course of this investigation. 
Tue OrGanic LABORATORY, 


UNIVERSITY COLLEGE, 
LONDON, 


CLXXII.—The Solubility of Lime in Water. 
By GeraLp TaTTERSALL Moopy and Lewis Tuomas Leyson. 


Taz observations described in this paper were the outcome of an 
attempt to adapt for use in volumetric analysis a solution of lime 
saturated at a known temperature, in the anticipation that this 
would be of constant strength. When, however, reference was 
made to published tables, it was found that different observers of 
the solubility of lime in water had recorded widely divergent num- 
bers and that in no case had a satisfactory method of determining 
the solubility been used. 

In a preliminary series of experiments, several solutions were 
prepared by slaking recently-burnt samples of best commercial white 
lime and shaking each separately with water during three hours 
at 18°. Although prepared under exactly similar conditions, when 
these were separately titrated with a decinormal solution of 
hydrogen chloride it was found that they were very unequal in acid 
neutralising power. 

The most complete investigations on the solubility of lime are 
those of Lamy (Compt. rend., 1878, 90, 333) and Maben (Pharm. 
J, 1883, 14, 505). Lamy experimented with lime pre- 
pared by different processes and found that the solubility varied 
with the method of preparation. Maben, with knowledge of the 
defective methods of earlier investigators, worked under conditions 
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involving serious errors. Of some of these he was aware, although 
he took no steps to eliminate them. The errors were due main] 


to defective methods of saturation, of heating and of filtration, 
At an early stage it appeared desirable to check the statement 
made by Lamy, that lime varies in solubility according to the P 
method adopted in preparing it. To this end, samples of lime were p 
obtained: (1) By heating the best white marble; (2) by heating A 
the purest calcite ; (3) by heating white chalk (upper chalk, unpuri- a 
fied); and (4) by precipitating a solution of calcium chloride with tI 
sodium hydroxide. A large excess of each sample was separately V 


added to water contained in a Jena flask, the flasks were placed in 
an incubator at 25° and vigorously shaken from time to time 
during ten hours. After standing, the clear solutions were removed 
with pipettes and separately titrated with standard acid. It was 
found that a volume of acid capable of neutralising 100 c.c. of lime- 
water prepared from calcite was able to neutralise 92°2 c.c. of 
lime-water prepared from white chalk, 100°9 c.c. of lime-water pre- 
pared from precipitated lime and 99°09 c.c. of lime-water prepared 
from marble. These remarkable variations in the degree of solu- 
bility of the samples of lime were not accidental, as they persisted 
even after the solutions were left in contact with the samples during 
several weeks. They are explained by the existence of impurities 
in the samples of lime obtained from material other than calcite. 
The lime obtained by precipitating a solution of calcium chloride 
was found to contain an appreciable quantity of chlorine (basic 
chloride?) even after as many as twenty washings with water; in 
fact, it was found to be impossible to remove all the chlorine by 
washing with water. The presence of this impurity is probably 
responsible for a reduction in the solubility of lime prepared by 
precipitation. The greater strength of the lime-water prepared 
from white chalk was particularly noteworthy. It appeared 
reasonable to suppose that this might be due to the presence in 
solution of other substances which are capable of neutralising 
acid. White chalk may contain minute quantities of alkalis other 
than lime and silica is known to be distributed to a greater or 
lesser extent through its mass. On igniting such chalk, soluble 
silicates might be formed and pass into solution with the lime; 
these would produce their own effect in neutralising acid. 

To determine the effect of silica, a mixture of 20 grams of finely- 
powdered calcite with 0°75 gram of precipitated silica was heated 
in a muffle furnace during three and a-half hours. The resulting 
lime having been dissolved in the manner already described, it 
was found that 92°25 c.c. of the lime-water were equivalent to ina 
100 cr. of lime-water prepared from calcite. In a second experi- conn 
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ment, 20 grams of calcite were heated with 0°25 gram of precipi- 
tated silica. In this case 93°1 c.c. of lime-water were found to be 
equivalent to 100 c.c. of lime-water prepared from calcite. 

It appears, therefore, that the observed difference in the solubility 
of lime obtained from different sources is not ascribable to any 
peculiarity of the lime itself but that it is due to the presence of 
impurities which either affect the solubility of the lime or are 
capable of neutralising acids, thereby causing an error whenever 
the lime present in solution is estimated by titration with acid. 
We have further found: (1) That errors may also arise in deter- 
mining the solubility of lime owing to the slowness with which 
water is saturated with lime, even although the lime be present in 
large excess; (2) that saturated lime-water becomes supersaturated 
when its temperature is raised and that it gives up the excess of 
lime with extreme slowness; (3) that solutions of lime are appre- 
ciably weakened when passed through filter papers or other fibrous 
substances; (4) that precipitated lime containing chlorine, after 
strong ignition, whereby the chloride is volatilised, gives a lime- 
water practically identical in strength with that prepared from 
calcite; and (5) that lime prepared by heating calcium carbonate, 
obtained by precipitation with sodium carbonate, gives a lime-water 
which is very slightly stronger than that prepared from calcite, a 
fact due to the carrying down of a minute quantity of sodium 
carbonate with the precipitate. 

On plotting Maben’s numbers for the solubility of lime between 
25° and 75°, a remarkable periodic curve is obtained, the solubility 
in rising temperatures decreasing more rapidly through each alter- 
nate five degrees. It seemed in a high degree unlikely that such 
acurve could express the actual solubility and we therefore pro- 
ceeded to devise a method by which the solubility could be deter- 
mined accurately. 

The lime used by us in the exact determinations was in all cases 
prepared by igniting the purest specimens of calcite obtainable. 
The ignition was conducted in a platinum dish, which was placed in 
a muffle furnace. In all cases in which the resulting lime was 
coloured, the material was rejected. The lime obtained from 150 
grams of calcite was placed in a wide-mouthed bottle having a 
capacity of approximately three litres, which was immediately filled 
with recently-boiled distilled water. The mouth of the bottle was 
closed with a tightly-fitting rubbed stopper, through which passed 
three tubes. The central tube formed the bearing of a glass rod, 
which passed to near the bottom of the bottle, where it terminated 
ma glass screw. The upper end of the glass rod carried a pulley 
founected by a belt to a revolving shaft; a “ mercury trap” was 
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attached to the rod to guard against the admission of air or egress 
of solution during stirring. The second tube from which the satu- 
rated lime-water was delivered, also passed to near the bottom of 
the bottle and terminated in a thistle-head, which formed the 
filter. The upper part of the tube was bent at right angles and its 
end attached, if necessary, to a condenser. The filtering material 
consisted of a layer of cotton-wool contained between filter papers, 
strengthened on both sides by layers of fine calico, the whole being 
tightly and firmly attached to the rim of the thistle-head. By 
this arrangement, the filter was kept in the lime solution ; the fibre 
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soon absorbed as much lime as it was capable of holding and any 
error due to filtration was obviated. The third tube in the stopper was 
was that by which air, previously passed through a potash tower, 
was forced, under pressure, into the bottle, thereby allowing any 
required weight of solution to be driven through the filtering tube. conc 
Two of the vessels described were used and these were placed in 4 was 
water-bath, the temperature of which was controlled by a thermo mea 
stat (Fig. 1). Independent determinations of solubility were made 
from the lime-water in each bottle. The estimation of the lime in 
solution was not made until after ten days’ stirring at a constant 
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temperature and no result was regarded as trustworthy unless the 
solution, on being stirred and heated for a further twenty-four 
hours, showed no change in strength. 

The method of estimation consisted in placing in a stoppered 
flask a known volume of an exactly decinormal solution of hydrogen 
chloride, prepared by a method described by one of us (Moody, 
Trans., 1898, 73, 658). The flask and contents were weighed and 
a quantity of lime-water, insufficient to neutralise the acid, was 
forced into the flask, which was again weighed. The excess of acid 
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was then fovnd by titration with a decinormal solution of sodium 
carbonate. 
When working at temperatures above 30°, a short but efficient 
condenser was attached to the tube, from which the lime-water 
was delivered into the flask containing the standard acid. By this 
means evaporation from the lime solution during transfer was pre- 
vented and constant results were obtained for higher temperatures. 
The following table shows the solubilities as directly determined ; 
column I gives the temperature and column II gives the weight 
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F 
of water in grams required to dissolve 1 gram of lime (CaQ) at | 
the corresponding temperature: ts 

I, Il. | I. IL. ai 
¥ 768°5 40° 9881 
10 786°8 50 1083°0 hal 
15 804°3 60 1179°0 at 
20 826°4 70 1274°8 
25 868°7 | 80 1368°1 “ 
30 908°2 mit 
It will be observed that the solubilities here recorded are appre. the 
ciably smaller than those given by Maben and Lamy. For tem. ma 
peratures between 25° and 80°, the curve of solubility, as shown cha 
in Fig. 2, is practically a straight line, the small variation being Cas 
possibly due to the dissolution of some of the material of the ! 
bottles in which the solutions were made. mo 
CHEMICAL DEPARTMENT, qua 
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CLXXIM.—The Chlorination of para-Nitroaniline. acid 
By Bernnarp FLURSCHEIM, sear 
In a previous investigation (Trans., 1908, 93, 1463), 2 : 6-dichloro-p- ina 
nitroaniline was required for the preparation of 3 : 5-dichloro-4-bromo- 
nitrobenzene. No really satisfactory method for the preparation of 
the former compound being known, it was desirable to discover one; 
and, since it was found that dichloronitroaniline may be diazotised in (I 
concentrated sulphuric acid, when it will combine with azo-components, take 
such as #-naphthol, yielding the corresponding azo-dyes, it may be ier) 
M 


useful to describe the new method for its preparation. 

Korner (Gazzetta, 1874, 4, 376) and Witt (Ber., 1875, 8, 143; 
1903, 36, 4390) attempted to introduce two atoms of chlorine into 
p-nitroaniline by using chlorine gas or its aqueous solution, but 
generally obtained a resinous mass. Witt therefore employed 
potassium chlorate and hydrochloric acid as a chlorinating agent, but 
his method also gives an imperfect yield of an impure product, 

A theoretical consideration of the process of chlorination, however, 
at once explained the above, and indicated how the experiment should 
be carried out. 

The following are the stages of the reaction : 


NO, NO, NO, NO, NO, ~ nol 
Pe Os me JN /~ ae. os 
(Jl Jl lal al aoa a 
\/ J y \/ tut amour 


NH, NH NH. NH Nu 
11 2 1 2 ii 2 i 
Cl, Cl Cl, Cl 
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Salt formation therefore inhibits the reaction, the rate of which 
increases with the hydrolysis of the salt, until it may result in partial 
oxidation, perhaps through a local excess of chlorine.* On the other 
hand, the intermediate mono-o-chloro-derivative unites with chlorine 
at a slower rate than does p-nitroaniline, both on account of its 
reduced basicity and of steric hindrance. Hence it is only after the 
nitroaniline has been transformed into the monochloro-derivative that 
the latter can, to any great extent, be chlorinated further, so that it 
may be precipitated and thus, under suitable conditions, escape ulterior 
change (compare its preparation according to D.R.-P. 109189 of 
Cassella & Co.). 

By combining, however, a strong acid and a low temperature to 
moderate the reaction, with a good solvent for monochloronitroaniline, 
quantitative conversion of nitroaniline into dichloronitroaniline was to 
be expected, and experiment confirmed this. 

m-Nitroaniline, being considerably more basic than its para- 
isomeride, reacts much more energetically with chlorine, and its salts 
are less readily hydrolysed, It follows that in high concentrations of 
acid wherein p-nitroaniline is still readily chlorinated, m-nitroaniline 
searcely reacts, whilst in very dilute acid, m-nitroaniline is destroyed 
ina higher degree than p-nitroaniline. 


EXPERIMENTAL. 


Chlorination in Dilute Aqueous Acid.—Some decomposition invariably 
takes place, and the pure compounds can only be obtained by 
recrystallisation, 

Mono- and di-chloronitroaniline were separated by means of boiling 
hydrochloric acid, in which the latter compound is insoluble. 

(1) On passing a moderate current of chlorine, at the ordinary 
temperature, through a solution of 2 grams of} p-nitroaniline in 10 c.e. 
of concentrated hydrochloric acid and 60 c.c. of water, the precipitate 
consisted of 0°5 gram of the monochloro-and 1:1 grams of the dichloro- 
derivative. 

(2) On passing a rapid current of chlorine through a boiling solution 
of 10 grams of p-nitroaniline in 10 ¢.c. of concentrated hydrochloric 
wid and 500 c.c. of water, the precipitate contained 11-2 grams of the 
dichloro- and 1-6 grams of the monochloro-derivative. 

(3) When the current of chlorine was interrupted after one 
wolecular proportion had been absorbed, the conditions being other- 
vise the same as under (2), the solution retained only a very small 
‘mount of nitroaniline, whereas the precipitate, besides very little 


* Kier (lo, cit.) observed the formation of tetrachloro-p-benzoquinone in this 
process, 
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dichloronitroaniline, consisted almost exclusively of monochloronitro. 
aniline. 

(4) If monochloronitroaniline is dissolved in a boiling mixture of 
one part of concentrated hydrochloric acid and six parts of water, and 
the solution cooled and stirred, a current of chlorine, introduced into 
the suspension at the ordinary temperature, will entirely transform 
the monochloro- into the dichloro-compound ; the same effect js 
produced if an excess of chlorine is passed through a boiling solution 
or suspension of monockloronitroaniline in one part of concentrated 
hydrochloric acid and 50 parts of water. 

Chlorination in the Absence of Mineral Acids.—(1) In boiling water 
with an excess of sodium acetate, p-nitroaniline behaves as above, but 
the percentage of tarry matter formed is higher. 

(2) In acetic acid, both at the ordinary temperature and in a cooling 
mixture, the amount of tarry matter is also considerable. 

(3) In benzene, chlorination is incomplete, a great proportion of the 
nitroaniline being withdrawn from the reaction in the form of its 
insoluble hydrochloride. 

Chlorination in a Mixture of Acetic and Mineral Acids.—One part 
of p-nitroaniline is dissolved in three parts of acetic acid and six parts 
(by weight) of concentrated hydrochloric acid ; the solution is cooled 
in ice and continually stirred while excess of chlorine is introduced, 
The filtered precipitate is pure dichloronitroaniline; the yield is 
theoretical, and the solvent can be used again for the same purpose, 
No monochloro-derivative separates, as it is very soluble in the 
mixture used. 

In a previous paper (/oc. cit.), a reaction of m-dinitrobenzene was 
described which consists in the production of a violet coloration by the 
addition of alkali and stannous chloride to the warm aqueous solution, 
Dr. J. J. Blanksma has drawn the author’s attention to a similar 
reaction of o-dinitrobenzene (in alcoholic solution) described by 
Meisenheimer (Ber., 1903, 36, 4174 ; 1906, 39, 2526); Dr. Blanksma 
also suggested that traces of the ortho-compound, which adhere very 
tenaciously, might cause the reaction shown by the meta-derivative. 
Accordingly, a “pure” commercial dinitrobenzene was recrystallised 
from alcohol, when it had the correct melting point (90—91°), but still 
showed the coloration, even in a very dilute solution. On further Was 
recrystallisation from alcohol, the melting point remained unaltered, ame 
but the coloration had practically disappeared. 

The reaction is therefore identical with Meisenheimer’s, and is 
characteristic for o-dinitrobenzene ina dilution of one to some millions ; 
it is consequently characteristic for technical, and even for considerably 
purified, m-dinitrobenzene in a dilution of one to many thousands, 
It may therefore serve for determining the presence of commercial 
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m-dinitrobenzene in other nitro-compounds. Commercial trinitro- 
tluene and pure trinitrobenzene, for instance, are coloured red by 
aiding alkali to their warm aqueous solutions, and stannous chloride 
nd changes this to a brownish-yellow colour, which, in the presence of 
nto jinitrobenzene, becomes brownish-violet. Similarly, pure dinitro- 
toluene in warm aqueous alkali is coloured pale yellow by stannous 
chloride, but brownish-violet in presence of dinitrobenzene. The test 
‘ion should also be useful in establishing the presence of traces of benzene, 
ted by first transforming it into its dinitro-compound. 

At Dr. Blanksma’s suggestion, I may also point out that a 
iter colorimetric test for reducing sugars, using m-dinitrobenzene in 
but alkaline solution, recently described by Chavassieu and Morel 
(Compt. rend., 1906, 143, 966), is similarly due to the presence of 
p-dinitrobenzene. If a quantitative colorimetric det ermination of the 
sugar is to be carried out according to these authors, it is necessary 
toemploy either pure o-dinitrobenzene, or always the same preparation 
of m-dinitrobenzene, since the percentage of the ortho-compound 
contained in the latter is variable. 

part FizeT, HANTs. 


ose,  CLXXIV.—The Direct Action of Radium on Copper 


and Gold. 


By Epear Puitip Perman. 


the Ix view of the observation of Sir William Ramsay, that lithium 
tion. appears when the emanation of radium is allowed to act on a pure 
pilar copper salt, I thought it would be interesting and instructive to 
tty the effect on a copper salt of the direct action of radium. For 
nity this purpose, 5 milligrams of radium barium bromide, containing 
very ? milligrams of radium bromide, were dissolved in a few drops of water 
tive. and evaporated to dryness in a capsule of silica ware 1:7 em. deep 
ad 13cm. in diameter. The radium salt thus formed a layer at 
the bottom of the capsule. About 0:5 gram of pure copper nitrate 
ther was dissolved, and treated in the same way in another capsule of the 
ered, ame size; the capsules were placed facing, and in contact with, one 
another in a wide glass tube, which was then drawn off, exhausted to 
d is sbout 0-1 mm., and sealed. In this way it was thought that the 
ons ; greatest possible effect of the radium radiations would be obtained. 
rably The great activity of the radium emanation is caused presumably by 
snds, the rapidity with which it throws out a-rays; but this activity decays 
rcial mpidly, so that by the direct action of radium and the stored up 
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emanation a more economical use of the energy is made. The copper 
nitrate was made by passing oxides of nitrogen (from copper and 
nitric acid) through a silica tube into a silica flask containing water 
and some electrolytic copper foil. The water was specially distilled 
and kept from contact with glass. 
The copper nitrate prepared in this way was tested spectroscopically 
after precipitating the copper with hydrogen sulphide and evaporating to 
a very small bulk; traces of potassium and sodium were found, but 
no lithium. It was tested also by igniting in a platinum basin and 
extracting with water; the result was the same. 
The radium and the copper were left together for three months, 
when the tube was opened and the copper nitrate tested by the 
method just-described ; no lithium was found. 
In another experiment, 5 milligrams of radium bromide of strength 
1,800,000 were allowed to act on copper sulphate in a similar way for 
four months. The copper salt was prepared by repeatedly crystal- 
lising the best quality commercial copper sulphate ; it could not be 
freed completely from potassium and sodium even when crystallised in 
silica vessels, but no lithium could be found. After the action of the 
radium, the spectroscopic examination gave the same result. 
It may be objected that the quantity of radium employed in 
these experiments was too small. It must, however, be remembered 
that 0:000,001 milligram of lithium can be detected with the spectre- 
scope, and this was confirmed with the instrument used, a direct 
vision Hilger. Consequently, we can say from the second experiment 
that radium bromide will not convert the one-hundred millionth 
part of its weight of copper into lithium per day when acting under 
the most favourable circumstances. (This is allowing 0-000,006 
milligram of lithium as the smallest detectable quantity.) 
The Direct Action oy Radium on Gold.—Assuming that the copper 
atom is broken down by the radium emavation, it was thought that 
the atom of gold would be still more likely to suffer disintegration. 
This was first tried in solution. One gram of gold chloride was 
dissolved in 5 cc. of water in a weighing bottle, and 1 gram of 
radium barium bromide containing 1 per cent. of radium bromide was 
added to the same solution, which was allowed to stand for four 
months. The gold was then precipitated together with the radium 
and barium by the addition of sulphurous acid; the mixture was 
filtered off, and the filtrate evaporated down and tested spectro 
scopically. The sodium line was very strong; there were traces also 
of potassium and calcium, but no lithium could be found. 
The precipitate on the filter paper, consisting of radium barium 
sulphate and of metallic gold, was very thoroughly washed and 
allowed to stand, protected from dust, for three months. It was then 
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washed and the washings tested again; nothing was found but a 
trace of sodium. After standing again for four months, it was 
treated in the same way, with the same result. From this experiment, 
it can be said that radium bromide (under the conditions of the 
experiment) will not convert the one two-hundred millionth part of 
its weight of gold into lithium per day. 
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I wish to thank Mr. R. H. Greaves, B.Sc., for valuable assist- 
ance in this work, especially in confirming all the spectroscopic 
observations. 
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Tas investigation was originally commenced with the object of 
devising a simple method for the preparation of ethyl 8-bromomethyl- 
malonate, CH,BreCH(CO,Et),, since it seemed likely that this sub- 
stance might be used instead of ethyl B-iodopropionate, but would 
have the additional advantage of containing a hydrogen atom replace- 
able by sodium, and thus be valuable for further syntheses. 
The action of monochloromethy! ether on the sodium derivative of 
ethyl malonate has already been investigated by Kleber (Annalen, 
1888, 246, 97), who isolated from the product ethyl dimethoxy- 
dimethylmalonate and ethyl dicarboxyglutarate; the formation of 
the latter substance he rightly interpreted as being due to the 
combination of one molecule of ethyl 8-methoxymethylmalonate and 
oe one of ethyl malonate with loss of methyl alcohol : 
» was MeO-CH,*CH(CO,Et), + CH,(CO,Et), —> 

four CH(CO,Et),*CH,*CH(CO,Et),. 
dium The present author, working probably under other conditions, has 
was obtained a somewhat different result. 
actro- When monochloromethyl ether and ethyl sodiomalonate are con- 
also J ‘eused together under the conditions described in the experimental 
part of this paper (p. 1780), the main product of the reaction is ethyl 
rium B-methoa ymethylmalonate, 
CH,Cl-OMe + CHNa(CO,Et), —» MeO-CH,*CH(CO,Et),, 
then Whilst « small quantity of ethyl dicarboxyglutar we is also formed. 
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That the main product of the reaction consists of ethyl B-methoxy. 
methylmalonate, and not of ethyl dimethoxydimethylmalonate, ag 
obtained by Kleber, was shown by the fact that, on treatment with 
hydrogen bromide, it yielded ethyl B-bromomethylmalonate, which, on 
reduction and hydrolysis, gave methylmalonic acid, 

MeO-CH,-CH(CO,Et), —> CH,Br-CH(CO,Et), —> CHMe(CO,H),. 

When ethyl 8-methoxymethylmalonate is digested with hydrochloric 
acid, it yields cis-cyelobutane-1 : 3-dicarboxylic acid, and the next step 
was to obtain evidence of the method of formation of this acid, 

When ethyl] @-methoxymethylmalonate is hydrolysed with barium 
hydroxide, a curious condensation takes place, with the formation of 
an acid, melting at 181°, which evidently consists of 3-hydroxybutane. 
aayy-tetracarboxylic acid, and has therefore been formed by the con- 
densation of two molecules of the ester with loss of methyl alcohol: 

2Me0-CH,-CH(CO,Et), —> HO-CH,°C(CO,H),*CH,-CH(CO,H),. 

When this acid is boiled with hydrochloric acid and subsequently 
distilled, it loses carbon dioxide and water, and is converted into cis- 
cyclobutane-1 : 3-dicarboxylic acid, a process which may well be 
represented thus : 
HO-CH,°C(CO,H),*CH,*CH(CO,H), —> 

©0,H-CH< C72 >CH-CO,. 


The above synthesis of cyclobutane-1 :3-dicarboxylic acid throws 
some light on the mechanism of its formation from ethyl methylene- 
malonate by hydrolysis, and seems to show that this acid is not 
formed by the spontaneous polymerisation of methylenemalonic acid, 
as was formerly thought (Bottomley and Perkin, Trans., 1900, 77, 
298). ‘I'he true explanation of this remarkable synthesis of a cyclo 
butane ring is probably the following : 

A molecule of ethyl methylenemalonate is first of all decomposed 
into formaldehyde and ethyl malonate : 

CH,:C(CO,Et), —> H-CHO + CH,(CO,Et),, 
and the ethyl malonate thus formed condenses with a further quantity 
of ethyl methylenemalonate to give ethyl dicarboxyglutarate : 

CH,(CO,Et), + CH,:C(CO,Et), —> (CO, Et),CH*CH,*CH(CO,Et),, 
which then combines with the formaldehyde present to form ethyl 
5-hydroxybutane-aayy-tetracarboxylate : 

(CO, Et), CH-CH,*CH(CO,Et), + H-CHO —> 
HO-CH,:C(CO, Et),*CH,*CH(CO,Et), —> 


CO,H-CH< Et >CH-COgH, 
2 


and this subsequently loses water and carbon dioxide with the formation 
of cyclobutane-| : }-dicarvoxylic acid. 


- 
__ 
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That this view is correct receives further confirmation from the fact 
that when ethyl #-methoxymethylmalonate is heated with acetic 
anhydride and zinc chloride, two molecules condense with loss of 
methyl alcohol to form ethyl 5-methoxybutane-aayy-tetracarboxylate, 
2Me0-CH,*CH(CO,Et), —> MeO-CH,-C(CO,Et),-CH,*CH(CO,Et),. 
This ester, when hydrolysed with hydrochloric acid, yields cis-cyelo- 
ilorie butane-1 : 3-dicarboxylic acid (see p. 1785). The ease with which 
; step this acid is formed is somewhat remarkable, in view of the fact that 
the formation of cyclobutane derivatives is generally attended with 
rium much difficulty, as has been emphasised in a previous paper (Perkin and 
on of Simonsen, Trans., 1907, 91, 1739). 

tane- The tendency of ethyl B-methoxymethylmalonate to undergo con- 
densation with loss of methyl alcohol is very marked. It has already 
been mentioned that one of the products of the condensation of mono- 
chloromethyl ether and ethyl malonate is ethyl dicarboxyglutarate, 
and the explanation of its formation suggested by Kleber is given on 
p.1777. That this explanation is correct.seems to be proved by the 
fact that ethyl malonate and ethy! 8-methoxymethylmalonate condense 
together with extraordinary ease, since it was observed (p. 1784) that, 
when a mixture of the two is distilled under the ordinary pressure, 
loss of aleohol takes place and ethy! dicarboxyglutarate is formed. 

This type of reaction seems to be a general one, since ethyl 
§-methoxymethylmalonate readily condenses with ethyl acetoacetate in 
the presence of acetic anhydride and zine chloride with the formation 
of ethyl curboay-a-acetylglutarate, 


Me0-CH,°CH(CO, Et), +CH,Ac*CO, Et —> 

(CO, Et),CH*CH,*CHAc’CO,Et. 
Another method of producing the same substance, which throws 
further light on the mechanism of the above reaction, is to digest ethy] 
sodioacetoacetate with ethyl $-bromomethylmalonate in alcoholic 
solution, when, however, only a poor yield is obtained. 

When the sodium derivative of ethyl B-methoxymethylmalonate is 
ntity treated with methyl iodide, it is converted into ethyl pentane-BB88- 
vetracarboxylate, (CO,Et),CMe-CH,*CMe(CO,Et),. This re-arrange- 
ment probably takes place in the following way: One molecule of ethyl 
thy! 8-methoxymethylmalonate is methylated in the usual manner with 
the formation of ethyl B-methoxydimethylmalonate : 


MeO-CH,-CNa(CO,Et), +MeI —» MeO-CH,*CMe(CO,Et),, 
Whilst a second molecule is decomposed into formaldehyde and ethyl 
sodiomalonate : 

tion MeO-CH,-CNa(CO,Et), —> CHNa(CO,Et), +CH,0 + MeOH, 

and the latter condenses with the ethyl 8-methoxydimethylmalonate, 
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being then further methylated with the formation of ethyl pentane. 
BB8s-tetracarboxylate : 
MeO-CH,*CMe(CO,Et), + CHNa(CO,Et), —> 
(CO,Et),CMe*CH,*CH(CO,Et), —> 
(CO, Et),CMe-CH,-CMe(CO,Rt),, 


The condensation of monochloromethy! ether with ethyl tsopropyl. 
sodiomalonate takes place quite normally, and results in the form. 
ation of ethyl B-methoxymethyl-B-isopropylmalonate, 
CH,Cl-OMe + CHMe,*CNa(CO,Et), —> on p 

CHMe,°C(CH,-OMe)(CO,Et),, 

This ester, on hydrolysis, yields 3-methoxymethyl-B-isopropylmalonic 


acid, melting at 83—84°, which, on heating, loses carbon dioxide with cis 
the formation of a-methoxymethylisovaleric acid. Further experiments at Li 
on these substances are in progress. for t 
had 

EXPERIMENTAL, foun 

Th 

Condensation of Monochloromethyl Ether and Ethyl Sodiomalonate, stra 
Finely-divided sodium (11°5 grams) was suspended in dry ether After 


(300 c.c.), and ethyl malonate (80 grams) wasadded. When all reaction 
had ceased (in about three hours), monochloromethyl ether (50 grams), 
dissolved in dry ether (50 c.c.), was slowly added to the well-cooled 
sodium derivative with constant shaking. When no further rise in dicar 
temperature took place, the mixture, in which much sodium chloride chlor 
had separated, was allowed to remain for two hours at the ordinary 
temperature. Water was then added, and the ethereal solution which thick 
separated was dried and evaporated, when mobile oil with a strong i 
odour of formaldehyde remained. The oil was rapidly fractionated in nelti 
small quantities under diminished pressure (15 mm.), when the three 
following fractions were obtained. 

I, up to 115°; Il, 115—140°; IIL, 140—220° \see p. 1784). for or 
Fraction I, which consisted mainly of unchanged ethyl malonate, was 
refractionated several times until it boiled quite constantly, the high with 


boiling fraction in each case being added to fraction II. evapo 
Fraction II was then refractionated, when it was found to boil at After 


121—122°/15 mm. (yield 50 grams) : reerys 

0:1820 gave 03504 CO, and 0:1276 H,O. C=52°5; H=7'8. 
C,H,,0, requires C=52°9; H=7'8 per cent. 

Ethyl B-methoxymethylmalonate is a colourless, mobile oil with an 

odour resembling that of ethyl malonate. 
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Hydrolysis of Ethyl B-Methoxymethylmalonate. 


I. With Hydrochloric Acid.—Ethyl B-methoxymethylmalonate (10 
grams) was mixed with 50 per cent. hydrochloric acid (50 c¢.c.) and 
heated for eight hours in a reflux apparatus on the sand-bath. Carbon 
dioxide was evolved, and, on removing the condenser, the characteristic 


yl- odour of ethyl acrylate could be distinctly detected.* 

‘- The hydrochloric acid solution was evaporated, when a viscid oil 
(5 grams) remained, which almost completely solidified. After draining 
on porous porcelain, the acid was crystallised from ether : 

t) 9 01485 gave 0°2712 CO, and 0:0761 H,O. C=49°8; H=5°7. 

mic C,H,O, requires C = 500 ; H=5°6 per cent. 

ith cis-cyclo Butane-1 : 3-dicarboxylic acid, obtained by this method, melted 

nts at 129—131°, whilst Haworth and Perkin (loc. cit.) found 135—136° 
for the pure acid. When mixed with a sample of this cis-acid which 
bad been prepared by Haworth and Perkin, the melting point was 
found to be unaltered. 

The silver salt separates as a caseous, white precipitate when silver 

7 nitrate is added to a faintly alkaline solution of the ammonium salt. 

her After drying in a vacuum over sulphuric acid, it was analysed : 

tion 0'1223 gave 0°0737 Ag. Ag=60°2. 

ns), C;H,0,Ag, requires Ag = 60°3 per cent. 

rled In order to be quite sure that this acid was cis-cyclobutane-1 : 3- 

> in licarboxylic acid, it was digested for half an hour with excess of acetyl 

ride chloride, and the solution allowed to evaporate slowly over potassium 
ary hydroxide. The anhydride separated as a mass of colourless needles, 
hich which, after draining on porous porcelain, were found to melt at 
ong 849°, whilst Haworth and Perkin (loc. cit., p. 338) found the 
d in uelting point to be 50—51°. 
hree ll. With Barium Hydroxide.—Ethyl B-methoxymethylmalonate 
(l0 grams) was boiled with an excess of barium hydroxide solution 
84). for one hour, when much barium salt had separated and the oil had 
was completely dissolved. The solution was cooled, acidified, saturated 
righ vith common salt, and extracted five times with pure ether. On 
evaporation of the ether, an oil was obtained which rapidly solidified. 
at After freeing from traces of oily impurity on porous porcelain, it was 
terystallised from a mixture of ether and light petroleum : 
01220 gave 01706 CO, and 00416 H,O. C=38:1; H=3°8, 
C,H,.0, requires C= 38:4; H=4-0. 
) an bHydroxybutane-aayy-tetracarboxylic acid, 


HO-CH,-C(CO,H),*CH,*CH(CO,H),, 


" Experiments are in progress with a view to determining whether this valuable 
Sit may not be obtained in quantity by this method. 
VOL, XCIIL, 6c 
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crystallises in irregular plates, which melt at 181° with a Vigorous 
evolution of gas. It is readily soluble in water or ethyl acetate, but 
only sparingly so in ether, light petroleum, or benzene. 

When titrated with 1/10 sodium hydroxide, 0°0618 neutralised 


0:0432 NaOH, whereas a tetrabasic acid, C,H,,O,, should neutralise . 

0°0395 NaOH. Al 
When this acid is heated with concentrated hydrochloric acid and - 

the resulting viscid oil distilled, it is converted into cis-cyclobutane- 

1 ; 3-dicarboxylic acid. 

3-Hydroxybutane-aayy-tetracarboxylic acid (4 grams) was heated 
with concentrated hydrochloric acid (15 ¢.c.) for half an hour. The ] 
excess of hydrochloric acid was then evaporated, and the residual viscid, (70 
brown oil purified by distillation under diminished pressure (30 mm.), at ( 
when practically all passed over at 220—230°. tem 

The distillate rapidly solidified when cooled in a freezing mixture, was 
and, after draining on porous porcelain, it was crystallised from ether: ethe 

0°1099 gave 02002 CO, and 0:0591 H,O. C=49-7; H=5:9, ated 

C,H,O, requires C=50°0 ; H=5°6 per cent. 7 

That this acid was cis-cyclobutane-1 : 3-dicarboxylic acid was proved a 
by its melting point, 127—130°, which was unchanged when mixed leon 
with a sample obtained by a different method. 0 

Ill. With Potassium Hydroxide.—Ethyl B-methoxymethylmalonate | 
(30 grams) was mixed with cold alcoholic potash (30 grams of A 
KOH) and allowed to stand overnight, when a large amount of ra 
a gelatinous potassium salt had separated. Water was added, and 0" 
the excess of potassium hydroxide removed by carbon dioxide. 

After extracting the unchanged ester with ether, the alkaline Et 
solution was freed from aleohol by evaporation, acidified, and extracted recall] 
ten times with ether, when, on evaporation, 13 grams of a viscid oil Re 
were obtained. was d 

As this acid gave no satisfactory results on analysis, it was heated (10 g 
with excess of barium carbonate, filtered, and the aqueous solution bath. 
evaporated, when the barium salt, which was more soluble in cold than soluti 
in hot water, separated in crystalline crusts. These, when seen under hydro 
the microscope, were found to consist of thin, irregular plates. After aleohc 
drying at 100°, the salt was analysed : ether, 

0:2026 gave 01515 BaSO,. Ba=44-0, ” : 

C,H,,0,Ba requires Ba = 44'1 per cent. 

The pure barium salt was dissolved in water, acidified with dilute Thi 
hydrochloric acid, and the solution extracted several times with pure whi “ 
ether, when a viscid oil was obtained which showed no signs of erystal- bi 


lising. After standing for some days in a vacuum over sulphuric 
acid, it was analysed : 
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0:1277 gave 0°2286 CO, and 0°0793 H,O. C=489; H=6°9. 
C,H,,0, requires C=47°7 ; H=6°8 per cent. 

Although the analysis was not very satisfactory, it seemed probable 
that this oil consisted of a-methoxymethylglutaric acid, 
CO,H:CH(CH,°OMe)-CH,-CH,-CO,H. 

All attempts to convert it into cyclobutane-1 : 3-dicarboxylic acid were 
unsuccessful. 


Ethyl B-Bromomethylmalonate, CH,Br*CH(CO,Et),. 


For the preparation of this ester, ethyl @-methoxymethylmalonate 
(10 grams) was mixed with aqueous hydrogen bromide (saturated 
at 0°) (100 grams) and allowed to stand for three hours at the ordinary 
temperature. On pouring into water, a heavy oil separated, which 
was dissolved in ether; on evaporation of the washed and dried 
ethereal solution, a pale yellow oil was obtained, which was fraction- 
ated under diminished pressure (20 mm.), when practically the whole 
distilled at 120—124°. 

In spite of its constant boiling point, this oil only gave approximate 
results on analysis, owing to the ease with which it loses hydrogen 
bromide : 

0'2838 gave 0:1392 AgBr. Br=20°9. 

A sample which was not distilled gave a slightly more satisfactory 
result : 

02608 gave 0°1579 AgBr. Br=25°8. 

C,H,,0,Br requires Br = 31°6 per cent. 

Ethyl B-bromomethylmalonate is a pale yellow oil with an odour 
recalling that of chloroform. 

Reduction of Ethyl B-Bromomethylmalonate.—The ester (5 grams) 
was dissolved in dilute acetic acid and gradually treated with zinc dust 
(10 grams), the reaction being completed by warming on the water- 
bath. The filtered’ solution was extracted with ether; the ethereal 
solution washed, dried, and evaporated, and the residual oil was 
bydrolysed with excess of alcoholic potash. After removing the 
alcohol by evaporation, the solution was acidified and extracted with 
ether, when a crystalline acid was obtained, which, after recrystallisa- 
tion from ether, melted at 130°: 

01163 gave 0°1726 CO, and 0:0544 H,O. C=40°5; H=5-2. : 
C,H,O, requires C=40°7 ; H=5'l per cent. 

This acid consisted therefore of methylmalonic acid, a conclusion 
Which was confirmed by direct comparison with a sample of methy}- 
ualonic acid obtained by a different process. 
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Ethyl Dicarboxyglutarate, (CO,Et),CH*CH,*CH(CO,Et).. 


(1) it has already been mentioned (p. 1780) in describing the 
fractionation of the condensation product of monochloromethy] ether 
and ethyl sodiomalonate, that a third fraction, boiling at 140—220°, 
was obtained. ‘This was carefully refractionated, when it was found to 
boil coustantly at 208°/19 mm. : 

0-1711 gave 03361 CO, and 01148 H,O. C=536; H=75. 

C,,H,,0, requires C=54°2 ; H=7:2 per cent. 

That this substance was undoubtedly ethyl dicarboxyglutarate was 
shown by the fact that, when hydrolysed with hydrochloric acid, it 
yielded glutaric acid, melting at 97°, and no alteration in the melting 
point was noticed when it was mixed with a sample of glutaric acid 
obtained in another way. 

(11) The ease with which ethyl 8-methoxymethylmalonate condenses 
with loss of methyl alcohol has already been referred to in the intro- 
duction (p. 1779), and is clearly shown by the following experiment. 

The low boiling fraction from several condensations, which consisted 
mainly of ethyl malonate, but which also contained some ethyl 
f8-methoxymethylmalonate, was fractionated under the ordinary 
pressure. After some ethyl malonate had passed over, the ther- 
moweter began to rise rapidly, and the residue was therefore distilled 
under diminished pressure (20 mm.), when it was found to boil at 
190—210°. 

That this was ethyl dicarboxyglutarate was proved by its boiling 
point, and by the fact that, on hydrolysis, it gave glutaric acid. 


Ethyl 5-Methoxybutane-aayy-tetracarboxylate, 
MeO-CH,°C(CO, Et),*CH,*CH(CO,Et),. 
Ethyl 6-methoxymethylmalonate (10 grams) was mixed with acetic 
anhydride (12 grams) and zine chloride ($ gram) and boiled for thirty 
minutes. The colourless liquid was cooled, poured into water, and the 
oil which separated was dissolved in ether. After evaporation of the 
solvent, the residual oil was fractionated under diminished pressure 
(20 mm.), when, after several fractionations, it distilled at 210—215°: 
0:1210 gave 0°2417 CO, and 00797 H,O. C=545; H=7'3. 
C,,H,,0, requires C=54°2 ; H=7-4 per cent. 
Ethyl &-methorybutane-aayy-tetracarboxylate is a viscid, colourless oil 
possessing practically no odour. 
Hydrolysis with Potassium Hydrowide—The ester (4 grams) Was 
mixed with alcoholic potash (5 grams KOH) and boiled for thirty 
minutes. The alkaline solution was freed from alcohol, acidified, and 
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extracted five times with ether, when a viscid oil was obtained which 

did not erystallise even on long standing. 

As sharp analytical results could not be obtained, an aqueous solution 

ihe _ of the acid was made faintly alkaline with ammonia, and the silver salt 

her | precipitated with silver nitrate. After drying over sulphuric acid, it 

was analysed : 

02268 gave 01311 CO, and 0°0331 H,O. C=15°3; H=1°6. 
C,H,O,Ag, requires C=15°6; H=1°2 per cent. 

There therefore seems little doubt that the oily acid consisted of 

}-methonybutane-aayy-tetracarboxylic acid. 

Hydrolysis with Hydrochloric acid.—Ethyl 5-methoxybutane-aayy- 

tetracarboxylate (4 grams) was mixed with 50 per cent. hydrochloric 

acid (25 e.c.) and digested on the sand-bath for twelve hours, when 

complete hydrolysis had taken place. On removing the excess of 

hydrochloric acid by evaporation, an oil was obtained which rapidly 

solidified. After draining on porous porcelain, the acid was crystallised 

from ether, when it melted at 127—130° and consisted of cis-cyelo- 

butane-1 : 3-dicarboxylic acid. 

(1142 gave 0°2084 CO, and 0°0588 H,O. C=49:8; H=5°7. 


‘ 


C,H,O, requires C=50-0; H=5°6 per cent. 


Methylation of Ethyl B-Methoxymethylmalonate. 


| at It has already been mentioned (p. 1779), that when ethyl 
8-methoxymethylmalonate is treated with sodium ethoxide and methyl 
ling iodide, the reaction does not take place normally, but results in the 
formation of ethyl pentane-8883-tetracarboxylate. 

Sodium (1‘1 grams) was dissolved in alcohol, and to the cold sodium 
ethoxide, ethyl B-methoxymethylmalonate (10 grams) and methyl 
iodide (7 grams) were added. The solution, which became slightly 
warm, was allowed to stand for two hours, and then«heated on the 
etic water-bath for fifteen minutes, when it was found to be quite neutral. 
irty Water was added, and the oil which separated was dissolved in ether ; 
the ethereal solution was dried and evaporated, when a colourless oil 
was obtained which, after two fractionations under diminished pressure 
sure (20 mm.), distilled at 215°; yield 50 per cent. : 

5°: 01118 gave 02310 CO, and 0:0760 H,O. C=56:3; H=7°5. 
C,,H,,0, requires C= 56°7 ; H=7°8 per cent. 

The ethyl pentane-8855-tetracarboxylate (3 grams) obtained in this 
3 oil way was mixed with excess of concentrated alcoholic potash and heated 
for fifteen minutes on the water-bath, when it was completely 
hydrolysed. After removing the alcohol by evaporation, the aqueous 
sirty solution was acidified and extracted with ether, and the ethereal solution 
dried and evaporated ; a crystalline acid was obtained which, afver 
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recrystallisation from a mixture of ether and benzene, melted at 16° 
with vigorous decomposition. 
This acid was shown to consist of pentane-8835-tetracarboxylic acid 
by direct comparison with a sample of this acid obtained by the 
method described by Guthzeit and Dressel (Annalen, 1890, 256, 
182). 
In order to leave no doubt as to the identity of this acid, a sample 
was heated to 180° until no further evolution of carbon dioxide took 
place ; the acid solidified on cooling, and was crystallised from ether 
0°1098 gave 0°2115 CO, and 0:0734 H,O. C=52; H=7-4, 
C,H,,0, requires C=52°5 ; H=7°5 per cent. 

This acid, which melted at 94—95°, therefore consisted of a mixture 
of the cis- and trans-forms of s-dimethylglutaric acid ; Guthzeit and 
Dressel (Joc. cit.) give 91° as the melting point. 
When heated with acetyl chloride, it was converted into the 
anhydride, which, after crystallising from light petroleum, melted at 
93—94° (Auwers and Kébner, Ber., 1891, 24, 1930, give 95°): 
01475 gave 0°3183 CO, and 0:0930 H,O. C=588; H=9°0. 
C,H,,0, requires C=59'1 ; H=7:0 per cent. 


_— ii ae eee oe 


Ethyl Carboxy-a-acetylglutarate, (CO,Et),CH*CH,*CHAc:C0,Et. 


In preparing this ester, two methods have been used, as stated ia 
the introduction ; the following one gives much the more satisfactory 
result, 

Ethy! B-methoxymethylmalonate (40 grams) was mixed with ethyl 
acetoacetate (30 grams), acetic anhydride (40 grams), and zinc chloride 
(2 grams), and the whole boiled in a reflux apparatus for one hour, 
The zine chloride rapidly dissolved, and the mixture became deep brown 
in colour. 

After cooling, the solution was poured into water, and the oil which 
separated dissolved in ether ; the ethereal solution was washed, dried, 
and evaporated, and the residual oil was fractioned under diminished 
pressure (20 mm.). After some unchanged ethyl B-methoxymethyl- 
malonate had passed over, the temperature rapidly rose, and the whole 
of the remainder distilled constantly at 197°. The yield was 70 per 
cent. : 

0:0865 gave 0°1751 CO,’and 0°0588 H,O. C=55:2 ; H=7°. 

C,,H,,0, requires C=55°6 ; H =7°3 per cent. 

Ethyl carboxy-a-acetylglutarate is a pale yellow oil with a faint 
ethereal odour. Its alcoholic solution gives an intense purplish-violet 
coloration with ferric chloride. 

Hydrolysis of Ethyl Carboxry-a-acetylglutarate.—The ester (3 grams) 
was mixed with concentrated hydrochloric acid (25 c.c.) and heated 
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a reflux apparatus for six hours, the condenser being removed from 
time to time to allow the alcohol to escape. 

acid After evaporating the hydrochloric acid, a viscid oil was obtained, 
> the which slowly solidified and evidently consisted of the hydrate of 
256 yacetobutyric acid. The semicarbazone prepared from this melted at 
174—176° (Haworth and Perkin, Trans., 1908, 93, 589), and this 
mple melting point was unaltered when the substance was mixed with a 
specimen of the semicarbazone of y-acetobutyric acid obtained by a 
different method, 


Condensation of Monochloromethyl Ether and Ethyl 
cture iso Propylsodiomalonate. 


t and In carrying out this condensation, finely-divided sodium (11°5 grams) 
was suspended in anhydrous ether (300 c.c.), and ethyl isopropyl- 
> the malonate (101 grams) was added. A vigorous reaction immediately 


ed at took place, and in about two hours all the sodium had dissolved, no 
sodium compound, however, separating out. 

The solution was cooled, and monochloromethyl ether (50 grams) 
dissolved in twice its volume of dry ether was gradually added, care 
being taken that no rise in temperature should take place. Much 
sodium chloride immediately separated, and, after standing for two 


d ia hours at the ordinary temperature, .the mixture was heated on the 

ctory water-bath for fifteen minutes. Water was then added, and the ether 
was separated, dried, and evaporated. 

ethy! The residual oil was fractionated under diminished pressure (20 mm.), 

oride when, after several fractionations, the main portion boiled at 

hour. 130—132° : 

rown 0'1435 gave 0°3102 CO, and 0°1137 H,O. C=58°9; H=8°9. 

C,,H,.0, requires C = 58-5 ; H=8-9 per cent. 

vhich Ethyl B-methoxymethyl-B-isopropylmalonate, 

ried, CH Me,*C(CH,-OMe)(CO,Et),, 

ished isa colourless, mobile oil possessing a pleasant ethereal odour. 

thyl- B-Methorymethyl-B-isopropylmalonic acid, 

vhole CHMe,*C(CH,*OMe)(CO,H),. 

) per —The pure ester (40 grams) was mixed with excess of alcoholic 


potassium hydroxide (30 grams KOH) and allowed to stand in the 
cold overnight. It was then boiled until hydrolysis was complete ; 
water was added, and the solution evaporated until free from alcohol, 
acidified, saturated with ammonium sulphate, and extracted ten times 


riolet with ether. The ethereal solution was dried and evaporated, when a 
viscid oil was obtained. In order to obtain the pure acid, the oil was 
“IDs ) dissolved in water and boiled with an excess of barium carbonate ; on 


ed iD concentrating the filtrate, the dariwm salt separated in crystalline 
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crusts, which, under the microscope, were seen to consist of microscopic me 
plates. After drying at 100°, it was analysed : 
0°1300 gave 0:0903 BaSO,. Ba= 40-9. 
0:1425 ,, 0:0990 BaSO,. Ba=40°9. 
C,H,,0,Ba,}H,0 requires Ba=41-1 per cent. 
The barium salt was dissolved in water, the solution acidified, and 
extracted ten times with washed ether, when a colourless oi] wag ral 
obtained which gradually solidified. After draining on _ porous 
porcelain, it was crystallised from a mixture of benzene and light 
petroleum, from which it separated in colourless plates : 
01450 gave 0°2671 CO, and 0°0943 H,O. C=50:2; H=7°2. 
CO, H,,0, requires C=505; H=7°4. 
B-Methoxymethyl-B-isopropylmalonic acid melts at 83—84°. It is 
readily soluble in water, benzene, ether, or chloroform, but only 
sparingly so in light petroleum, even on boiling. 


B-Methoxymethylisovalerie Acid, CHMe,*CH(CH,:OMe):-CO,H. 


B-Methoxymethyl]-8-isopropylmalonic acid (30 grams) was heated at 
180° for half an hour, when all evolution of carbon dioxide had 
ceased. 

The crude monobasic acid was mixed with alcohol (50 c.c.) and 
sulphuric acid (5 c.c.), and heated in a reflux apparatus for four 
hours on the water-bath. The alcoholic solution was poured into 
ether, and the ethereal solution washed, dried, and evaporated. The 
residual oil was fractionated under diminished pressure (100 mm), 
when practically the whole distilled at 120—130°. After two 
fractionations, it boiled constantly at 126°/100 mm. : 

0°1179 gave 0:2699 CO, and 0:1047 H,O. C=62:5; H=9°9. 

C,H,,0, requires C = 62'1; H=10°3 per cent. 

Ethyl B-methoxymethylisovalerate is a colourless, mobile oil with a 
pungent odour resembling that of ethyl isovalerate. In order to 
obtain the acid in a pure state, the ester (19 grams) was mixed with 
concentrated alcoholic potassium hydroxide (10 grams KOH) and 
allowed to stand in the cold overnight, when it was found that nearly pow 
complete hydrolysis had taken place. Water was added, and the com 


CL 


excess of alkali removed with carbon dioxide. Hil 

After extracting any unchanged ester with ether, the solution was of i 
freed from alcohol by evaporation, acidified, and the acid extracted ord 
several times with ether. The ether was dried and evaporated, and grot 
the residual oil fractionated under diminished pressure (100 mm.), when T 
it was found to boil fairly constantly at 165—170°. p-to 


Sharp analytical results could not be obtained, owing to the tendency phys 
of the acid to lose methyl alcohol, as is shown by the following 190. 


ROTATORY POWER OF NITROGEN COMPOUNDS. 1789 


methoxyl determinations, which were made with two different 
preparations : 

03761 gave 0°5885 AgI. MeO=20°6. 

01903 , 02619 Agl MeO=18:1. 

C,H,,0, requires MeO = 21:2 per cent. 
f-Methonymethylisovaleric acid is a colourless oil possessing a very 
was rancid odour. It is readily soluble in most organic solvents. Owing 
ous to the difficulty experienced in obtaining the acid in a pure state, the 
silver salt was prepared by adding silver nitrate to a faintly alkaline 
solution of the ammonium salt ; it is readily soluble in hot water, and 
separates, on cooling, in colourless needles : 

0'1055 gave 0°1274 CO, and 0:0461 H,O. C=32°9; H=5-0. 

t is 01162 , 900501 Ag. Ag=43'1. 

nly C,H,,0,Ag requires C=33'2; H=5:1 ; Ag=42°7 per cent. 

The author wishes to thank Professor W. H. Perkin for the interest 
which he has taken in this work, and also Mr. F. B. Dehn, M.Sc., for 
| at carrying out some of the preliminary experiments and some of the 
had analyses. Much of the expense of this research has been met by a 
grant from the Research Fund Committee of the Chemical Society, for 
and which the author is much indebted. 

‘our Tur ScuuncK LABORATORY, 

into Tue UNIVERSITY, MANCHESTER. 
The 

m.), 
two 


CLXXVI.—The Effect of Constitution on the Rotatory 
Power of Optically Active Nitrogen Compounds. 
ha Part ILI. 


r to 
By Reetnatp WitiramM Everatt and Humpurey Owen Jones. 


vith 

and Ix continuing the investigation of the relation of optical rotatory 
arly power to constitution in the optically active quinquevalent nitrogen 
the compounds (Thomas and Jones, Trans., 1906, 89, 280; Jones and 


Hill, Trans., 1908, 93, 295; Everatt, ibid., 1225), it appeared to be 
was of interest to examine compounds containing the p-tolyl group in 
cted order to compare them with those containing the p-bromophenyl 
and group which had been examined previously. 

‘hea Three compounds having the requisite structure and containing the 
p-tolyl group have been prepared and examined by Wedekind (Zeitsch. 
ney physikal Chem., 1903, 45, 235) and Wedekind and Oberheide (Ber., 
"ing 1904, 37, 2712), but attempts to resolve these compounds into 
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their optically active constituents by means of camphorsulphonie acid 


were unsuccessful. al 
So far, we have examined only one of these compounds, namely, 01 
p-tolylbenzylmethylallylammonium iodide, and this has been resolved [a 
into its optically active constituents by crystallising its hydrogen | 
tartrate from alcohol and ether. We have made determinations of sol 
the rotatory power of the active ion and of the active iodide, The r 
results are described in this paper, and compared with those already 20 
obtained for the corresponding compounds containing the phenyl or q 
the p-bromophenyl group. _ 
This is another instance to be added to those already described, in pov 
which resolution can be effected by means of the weak acids, tartaric ded 
or camphoric acid, when the much stronger acids, camphorsulphonie or of 
bromocamphorsulphonic acid, have failed to effect resolution. nots 
p-Tolylbenzylmethylallylammonium iodide was prepared by the 0 
union of benzylmethyl-p-toluidine and allyl iodide mixed in molecular 
proportions ; the mixture slowly darkened and deposited a crystal- 
line solid, but we never observed the violent combination described by 
Wedekind and Oberheide (/oc. cit.). When dried on a porous plate 
and crystallised twice from alcohol and ether, the salt was obtained as 
a white, crystalline powder, which melted sharply at 145—146°. 
p-Tolylbenzylmethylallylammonium hydrogen d-tartrate was prepared 
by mixing molecular proportions of the ammonium hydroxide and T 
tartaric acid in dilute alcoholic solution and evaporating on a water- as - 
bath until the solution became turbid ; alcohol was now added until p- 
the solution was clear, and from this the salt was precipitated by the aque 
addition of ether as a fine, crystalline powder with a slight brown carb 
colour. The addition of ether was found to require great care, as its tion, 
too rapid addition resulted in the deposition of an oil, which, if melt 


deposited in any considerable quantity, prevented the crystallisation 
of the salt. When the oil was deposited in small quantity only, 
then, on standing, the sticky precipitate gradually became crystalline. 
The salt was then recrystallised in the same way, using the same 
precautions, and was thus obtained in clusters of white needles melt- 
ing at 84—85°. The rotatory power of the salt in aqueous solution 
was found to diminish, to become negative, and gradually to approach 
a constant value after about thirteen recrystallisations : 
0:2133 gave 0°4884 CO, and 0°1395 H,O. C=62:7; H=73. 
C,,H,,O,N,H,O requires C = 62°95 ; H=6°95 per cent. 
This salt, like the other hydrogen tartrates of substituted ammonium 
ions, crystallises with water of crystallisation even when deposited 
from absolute alcohol. 
The following determinations of rotatory power were made, a 2-dem. 
tube being used in all cases : 
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After thirteen recrystallisations, 0:1248 gram in 20°059 grams of 
solution gave [a], —0°60° at 20°; hence[a], —48°2°and[M], -—202°; 
01041 gram in 20°436 grams of solution gave a, —0°49°; hence 
[a]p - 48°1° and [M], -— 201°. 
After fifteen recrystallisations, 0:1006 gram in 17°930 grams of 
solution gave ap 0°54° ; hence [a], —48°1° and [MJ], —201°. 
Taking the value of [M], for hydrogen tartrate ion to be +42° at 
90° (Landolt), the value of [M],, for the basic ion is — 243° at 20°. 
The influence of temperature on the rotatory power of this salt was 
investigated in the usual way, and the values of the molecular rotatory 
powers of the ion for the temperatures between 0° and 50° were 
deduced. The densities of the solutions have been taken to be those 
of water at the same temperatures, and Landolt’s values for the 
rotatory powers of the hydrogen tartrate ion have been taken. 


01144 Gram of salt in 20°815 grams of solution: 


t. Gp. [a]>. [M],. [M], fer basic ion. 
5° — 0°55° 50°0 — 210° ~ 252° 
12 0°54 49°5 207 249 
22 0°53 48°] 202 244 
34 0°52 47°] 197 239 
40 0°505 15°6 191 233 
51 0°50 44°93 188 230 


The value of [M], for the basic ion at 15° may therefore be taken 
as — 246°. 

p-Tolylbenzylmethylallylammonium iodide was precipitated from 
aqueous solutions of the tartrate by neutralising with sodium 
carbonate and adding excess of concentrated potassium iodide solu- 
tion, The active iodide was thus obtained in large, lustrous needles, 
melting at 144—145°. A mixture of the active and inactive iodides 
melted at 143—144°, 

Determinations of the rotatory power of the levorotatory iodide 
were made in alcohol and in chloroform solution : 

In alcohol: 0°0676 gram in 15°030 grams of solution (d=0°800) 
gave a, — 048°; hence [a], —66°7° and({M], — 258°. 0°0752 Gram 
in 13482 grams of solution (d=0°808) gave a,—0°60; hence 
[a], - 665° and [M],, — 257-4°. 

In chloroform: 0°085 gram in 27°360 grams of solution (d=1-491) 
gave a, — 0°62° fifteen minutes after making up the solution ; hence 
[a], - 66°9° and [M], — 259°. 

After one hour, a, —0°57°; after two hours, a, —0°53° ; after four 
hours, a, —0°47°; after eight hours, a, —0°41°, and after thirty-six 
hours the solution was inactive ; hence the value for [M], at the 
time of making up the solution is — 267°4°. 

A second determination with 0°0639 gram in 25°218 grams of 


“a 
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solution (d=1:490) gave a, -0°52°; hence [a], —66:8° ang nole 
[M], - 261°. clusi 

A comparison of these results with those obtained for the corre. on t 
sponding phenyl compound (Pope and Harvey, Trans., 1901, 79, 828) large 
and bromophenyl compound (Everatt, Trans., 1908, 93, 1236) is made 


in the following table : re 
[M]. for iodide. with 


Melting point [MJ], forion ~- 


Benzylmethylallyl. of iodide. at 15°. inalcohol. in chloroform, resol 
OS eee ee 140—142° 167° _ 201° diffe 
p-Bromopheny] ...... 134—135 -191 — 242° — 346 then 
Pe nsneectsern sence 145—146 — 246 — 257 ~ 267 


It is noteworthy that the rotatory power of the ion of the compound 
containing the p-tolyl group is much greater than that of either of by tl 
the corresponding compounds containing the phenyl or the p-bromo- we a 
phenyl group, although the latter is much the heaviest of the three 
groups. Further, although in the compound now described there are 
two groups, the benzyl and p-tolyl groups, which have identical 
masses, the rotatory power is svill large. This may well be discussed 
in connexion with the values for the product of asymmetry for this 
compound, 

The difference between the observed values for the rotatory power 
of the iodide in alcohol and in chloroform is unusually small in this 
case, and reminds one of the case of phenylbenzylmethylisobutyl- 
ammonium iodide (Thomas and Jones, loc. cit.). 

A consideration of the values of the product of asymmetry, calcu- 
lated for this compound according to the method used in former com- 
munications, shows at once that it is not possible to reconcile the THE 
experimental results with these values, of ¢ 

Taking the three possible configurations for the compound repre- poss 
sented by the plane projections : time 


CL! 


C,H,Me-___C,H, C,H,Me-—_C,H, 0,H,Me——0,H, chie 
: . Z | skel 
Me 0,H, Me C,H, C,H, ——Me nok 
15 a1 


(1.) (I1.) (IIL.) 
we obtain the values for the product of asymmetry which are given 
in the table, together with those for the corresponding phenyl and 
p-bromopheny! compounds. 


[M], for 


“ 
ion at 15°. P, x 10°. P, x 10°. P, x 10°. * 
ee era 167° 0°07 4°87 - 1°66 Oca, 
p-Bromopheny) ...... 191 -77 071 14°6 cher 
sen ore 246 3°9 0°00 39 alky 
No assumptions as to the configuration of these three compounds ina 


will give values of » which are in the same order as the values of the 
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molecular rotatory powers, and we are therefore forced to the con- 
clusion that the constitution of the groups exerts so great an influence 
on the magnitude of the rotatory power that the effect of mass is 
largely veiled by it. 

Other compounds containing the p-tolyl group are now under 
investigation, and it is hoped that two complete series, corresponding 
with the two series of compounds containing the phenyl group, will be 
resolved, so that we can again compare the effects produced by the 
different aliphatic groups on the rotatory powers of the ions containing 
them. 


The expenses of this investigation were defrayed by grants made 
by the Government Grant Committee of the Royal Society, for which 
we are glad to make this grateful acknowledgment. 


University CHEMICAL LABORATORY, 
CAMBRIDGE. 


CLXXVIL.—Relation between Chemical Constitution and 
Physiological Action in Certain Substituted 
Aminoalkyl Esters, 

By Frank Lee Pyman. 


Tur desirability of producing a local anesthetic to take the place 
of cocaine has led to the preparation of substances designed to 
possess the characteristic action of this alkaloid, whilst at the same 
time being free from its toxic effects. In recent years, investigation has 
chiefly been directed to substituted aminoalky] esters, which contain a 
skeleton, °=N-C-C-O-CO-R, similar to that part of the cocaine 
molecule which is printed heavily in the formula : 
CH,——CH CH-CO,°CH,, 

| | 

CH,'N CH:0°0C-C,H., 
i 

cH, —tuH—CuH, 
and certain substances of this type, for example, “stovaine,” 
“alypin,” and “ novocaine,” have found application in medicine as 
local anzesthetics. The present paper records the preparation and the 
chemical, physical, and physiological properties of certain new amino- 
alkyl! esters. Several of these possess local anesthetic properties, some 
in pronounced degree, but none are suitable for use in medicine as 
local anesthetics, owing in some cases, to irritation produced on injec. 


7 
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tion, in others to a relatively high general toxicity. The physiological The 
examination of these substances (as hydrochlorides, except where four 
otherwise stated) was carried out by Messrs. H. H. Dale and (, 7, 
Symons, of the Wellcome Physiological Research Laboratories, to bein 
whom the author wishes to tender his best thanks. prox 

The nitrogen atom in cocaine is connected directly to one alky] 
(methyl) group and indirectly through two chains of methylene (or 
substituted methylene) groups to a benzoylated secondary alcoholic state 
group. It therefore appeared of interest to prepare B8-dibenzoylory. pipe 
methyldiethylamine and BB-dibenzoyloxytriethylamine, subs 


C,H,*CO-0-CH,°CH,*NR°CH,-CH,*0°CO'C,H,, pres 
which contain a nitrogen atom connected directly to one alkyl group subs 
and indirectly through two methylene groups to two benzoylated mon 
alcohol groups. Rotl 


These substances were consequently prepared by benzoylating the thes 
corresponding amino-alcohols. The methyl derivative has no local deri 
anesthetic action, and the ethyl derivative very little. Marked obta 
differences are shown by the two substances in other respects ; in the piers 
rabbit, the ethyl derivative causes respiratory and cardiac depression, deri 
whilst the methyl derivative has no marked action on the heart or Baw 
respiration, but causes marked extensor convulsions reminiscent of prep 
those produced by a small dose of strychnine ; in the frog, the methyl melt 
derivative causes primarily paralysis of the brain centres, whilst the 
ethyl derivative causes central paralysis, primarily affecting the 
spinal cord. 

The next point investigated was the introduction of two benzoyl and 
groups into the molecule in a different manner, the substances pre- 
pared being respectively By-dibenzoyloxydimethylpropylamime, By-di- 
henzoyloxydiethylpropylamine, and By-dibenzoyloay-1-propylpiperidine, 


°CH,*CH(O-CO-C;,H,)*CH,*O0°CO’C,H, 
(R=NMe,, NEt,, or C;H,,N). 


These substances possess a very considerable local anesthetic 
action, but their value is discounted by the fact that they are 
distinctly toxic and irritant, and also acid in reaction. Here, again, Prop 
the diethyl derivative has a depressant action on the heart, which is 
not observable in the case of the dimethyl derivative. Both the 
dimethyl and diethyl derivatives act on the central nervous system of poise 
the mammal, producing spasms faintly reminiscent of those caused by 
strychnine, the dimethyl being the most active in this respect. In 
the frog, the dimethyl derivative quickly paralyses the brain, but 1ts 
action on the spinal cord is comparatively slight, whilst the diethy! 
derivative has a paralytic effect on the brain and spinal cord, the 
latter being at least as markedly and rapidly affected as the former. 
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The methobromide of the dimethyl derivative was also tested, and 
found to have a considerably feebler general toxicity than the hydro- 
chloride, the central convulsant action of the latter on the mammal 
being replaced or obscured by a curare-like effect in the metho- 
bromide. 

The above benzoates were prepared from the corresponding amino- 
dihydroxypropanes of C. F. Roth (/er., 1882, 15, 447). Roth’s 
statements show that he had some difficulty in purifying dihydroxy- 
piperidylpropane, and he does not state its melting point, but the 
substance may readily be purified by distillation under 80 mm. 
pressure, when it boils at 200—201° and solidifies on cooling ; 
subsequent crystallisation from acetone yields the substance in large, 
monoclinic plates, melting at 79—-80°. In the same communication, 
Roth gives an account of some attempts to prepare the dibenzoates of 
these amino-alcohols, but he was unable to isolate the dibenzoyloxy- 
derivatives of diethylpropylamine and 1-propylpiperidine, and only 
obtained By-dibenzoyloxydimethylpropylamine in the form of its 
pirate, for which he gives the melting point 112°. The dibenzoyloxy- 
derivatives of the three bases have now been prepared by the Schotten- 
Baumann reaction, but By-dibenzoyloxydimethylpropylamine picrate, 
prepared from the pure crystalline hydrochloride, has been found to 
melt at 178—179°. 

Certain dialkylaminoethyl benzoates described by E. Schering 
(D.R.-P. 175080) have been stated to be useful local anesthetics, and 
it therefore seemed of interest to prepare piperidylethyl benzoate (1), 
and s-di-B-benzoyloay-1 : 4-diethylpiperazine (11) : 
C,H,)N°CH,°CH,-O°CO-C,H,, 

(I.) 
CH,°CH, 
OH,-CH, 

(II. ) 
These bases were obtained by benzoylating the corresponding amino- 
alcohols, of which one, 1: 4-diethanolpiperazine, has not previously 
been described. Piperidylethyl benzoate shows some local anesthetic 
property, but is distinctly irritant; its methobromide is neither 
aesthetic nor irritant. — s-Di-8-benzoyloxy-1 : 4-diethylpiperazine 
shows very distinct local anesthetic properties, but is the most 
poisonous of the series, 50 milligrams causing rapid death in a rabbit 
Weighing 1 kilogram; the appearance of the blood post mortem 
‘howed that the hemoglobin was decomposed. 

In two cases the phthaloyl group had been introduced into the 
nolecule in the place of the benzoyl group; thus diethylaminoethyl 
pthalate and piperidylethyl phthalate, 
RCH,-CH,-O-CO-C,H,-CO-0-CH,-CH,*R  (R=NMe, or C,H,,N), 


(,H,*CO-0-CH,*CH,-N< >N:‘CH,"CH,:0:CO-0,H, 


pe 


a 
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have been prepared by the interaction of phthaloyl chloride and the 
corresponding amino-alcohol in ethereal solution. 

Diethylaminoethyl phthalate hydrochloride was submitted to 
physiological examination, and appeared to have neither anzsthetic 
nor irritant properties. 

B-Bromo-a-hydroxy-3 : 4-methylenedioxyethylbenzene (Barger and 
Jowett, Trans., 1905, 8'7, 970) formed the starting point of another 
attempt. By condensing this compound (III) with dimethylamine, 
B-hydroxy-B-3 : 4-methylenedioxyphenylethyldimethylamine (IV) was ob- 
tained, and this yielded, on benzoylation, B-benzoyloxy-B-3 : 4-methylene- 
diowyphenylethyldimethylamine (V) : 


O—CH, O—CH, O—CH, 
i ‘\o “0 € ‘oO 
| | | ! 
ra \Z NZ 
CH-OH CH-OH CH-0-CO-C,H, 
CH,*Br CH,-N(CH,), | CH,*N(CH,), 
(IIL.) (IV.) (V.) 


This substance is a substituted aminoalkyl benzoate, and has very 
considerable anesthetic properties, but is unfortunately also toxic and 
irritant. 

EXPERIMENTAL. 


Those compounds described below which are aminoalky] benzoates 
were prepared by the Schotten-Baumann method. The corresponding 
hydroxy-derivative was dissolved in a large quantity of 10 per cent. 
sodium hydroxide solution, and well shaken with a large excess of 
benzoyl chloride. The crude ester was then extracted with ether, 
removed from the ether with dilute hydrochloric acid, regenerated 
with sodium carbonate solution, and again dissolved in ether. After 
the ether had been dried and distilled, the resulting aminoalkyl 
benzoate was purified in a suitable manner in each special case. 


s-BB-Dibenzoyloxymethyldiethylamine, 
C,H,*CO-O-CH,°CH,*N(CH,)-CH,*CH,°0°CO-C,H;,. 


Seventeen grams of s-88-dihydroxymethylethylamine gave, on 
benzoylation, 36 grams of s-88-dibenzoyloxymethyldiethylamine, a yield 
of 77 per cent. of the theoretical. This was purified by crystallisation 
of the hydrogen oxalate, and regenerated from the pure salt ; it formed 
a colourless, viscid oil which did not crystallise. 

The hydrochloride separates from absolute alcohol in diamond-shaped 
plates, which melt at 132—133°. It is readily soluble in water, 
giving an acid solution, and sparingly so in absolute alcohol. This salt 
is anhydrous : 
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0:2474 gave 0°5692 CO, and 0:1328 H,O. C=62'7; H=6°0. 

02584 ,, 0°1020 AgCl. Cl=9°8. 

C,,H,,0,N,HCI requires C=62'7 ; H=6-0 ; Cl=9°7 per cent. 

The hydrobromide was obtained, by evaporation of its aqueous solu- 

tion, as an Oil which gradually solidified, forming clusters of hard 

plates. After recrystallisation from dilute alcohol, it melts at 

124—126°, It is anhydrous, and is almost insoluble in water, but 

fairly readily soluble in alcohol : 

0'1150 gave 0°0540 AgBr. Br= 20-0. 

C,,H,,0,N,HBr requires Br = 19°6 per cent, 

The hydrogen oxalate crystallises from boiling water in prismatic 

needles, melting at 169—170°; it is anhydrous, and is very sparingly 

soluble in cold water or alcohol : 

0:2030 gave 0:4476 CO, and 0'1002 H,O. C=60'1; H=5'5, 

C,,H,,0,N,C,H,O, requires C= 60-4 ; H =5°6 per cent. 

The aurichloride separates from alcohol in clusters of hard, prismatic, 

yellow needles, which melt at 109—110°; it is anhydrous, and is 

insoluble in water, but sparingly soluble in cold alcohol : 

0:1400 gave 0°0411 Au. Au=29°4, 

C,)H,,0,N,HAuCl, requires Au=29°6 per cent. 

The platinichloride crystallises from alcohol in clusters of fine yellow 

needles, which begin to sinter at 87° and melt clearly at 95°; it con- 

tains four molecular proportions of water of crystallisation, and is 

insoluble in water, but sparingly soluble in alcohol : 

01170, air-dried, gave 0°1694 CO, and 0°0502 H,O. C=39'5; H=4°8. 

00978 =, lost 00058 at 100°. H,O=5°9. 

0:0920, dried at 100°, gave 0°0167 Pt. Pt=18-2. 

(C,pH,,0O,N),H,PtCl,,4H,O requires C= 40:1; H=4°6; H,O=6°3 per 
cent. 

(C,,H,,0,N),H,PtCl, requires Pt = 18°3 per cent. 

The picrate crystallises from alcohol in long, slender, yellow needles, 

which melt at 136—137°. 

The methobromide was obtained in long, fine needles by the addition 

of methyl bromide to a cold alcoholic solution of the base. After 

crystallisation from alcohol, it formed long, fine needles, which melted 

at 170—171°. It is insoluble in water, but sparingly soluble in cold 

alcohol : 

01676 gave 0:0744 AgBr. Br=18°9. 

C,,H,,0,N,CH,Br requires Br=18°9 per cent. 
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s-BB-Dibenzoyloxytriethylamine, 
©, H,*CO-0-CH,*CH,*N(C,H,)*CH,*CH,-O-CO-C,H,. 


Ten grams of s-88-dihydroxytriethylamine gave, on benzoylation, 18 


grams of s-88-dibenzoyloxytriethylamine, the yield being 70 per cent, ] 
of the theoretical. This was purified by crystallisation of the hydrogen beu 
oxalate, and regenerated from the pure salt; it formed a colourless, of 

viscid oil, which did not crystallise. ery! 
The hydrochloride separated from its aqueous solution as a viscid oil it fe 
which gradually solidified, after the addition of a little alcohol, im 1 
evaporation in a vacuum over sulphuric acid. On recrystallisation whi 
from benzene, it was obtained in matted clusters of fine needles, which solu 
melted at 110—111°, and contained half a molecular proportion of alco 
alcohol of crystallisation ; the alcohol is gradually lost at 110°, but is 0° 
not entirely removed before further decomposition of the salt com- 0° 
mences. This salt is very readily soluble in water, giving an acid 
solution, and readily so in alcohol : TI 
0°1410 gave 0°3260 CO, and 0:0874 H,O. C=63'1; H=6°9., eryst 
0°2582 ,, 0:0960 AgCl. Cl=92. solu 
C,)H,,0,N,HC1,3C,H,O requires C=62°9; H=6°8 ; Cl=8'8 per cent. 0" 

The hydrogen oxalate crystallises from boiling water in glistening 
needles, which melt at 157—158°; it is anhydrous, and is very Th 
sparingly soluble in cold water or alcohol : golde 
02106 gave 04734 CO, and 0°1096 H,O. C=61°3; H=58. is ins 
C,,H,,0,N,C,H,O, requires C=61°2 ; H=5'7 per cent. 0] 

The awurichloride separates from alcohol in hard, yellow nodules of 
prismatic needles, which melt at 115—116°. It is anhydrous, and is Th 
insoluble in water, but sparingly soluble in cold alcohol : veed| 
0-2940 gave 00850 Au. Au=28°9. wien 
C,,H,,0,N,HAuCl, requires Au = 28°9 per cent. 01 

The platinichloride crystallises from alcohol in fine, yellowish-brown 
needles, which have no definite melting point, but commence to soften The 
and lose alcohol at 60°, and are completely molten at 95°. It contains Monoc 
one and a-half molecular proportions of alcohol of crystallisation, and of we 
is insoluble in water, and very sparingly soluble in alcohol : aleoho 
0-0978, air-dried, gave 0°1594 CO, and 0:0416 H,O. C=44:4; H= 4°8. O13 
071020 ,, _—_ lost 0°0064 at 100°. C,H,O=6°3. 022 
01354, dried at 100°, gave 0-244 Pt. Pt=18-0. CH, 
(C,,H,30,N.,).,H,PtCi,,14C,H,O requires C=444; H=48; The 
C,H,O = 6:0 per cent. charact 

(C,,H,,0,N.).,H,PtCl, requires Pt = 17°8 per cent. 112° 

The picrate crystallises from alcohol in microscopic rosettes of chlorid 
yellow needles, which melt at 136—137°. alcohol 
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By-Dibenzoyloxydimethylpropylamine, 
(CH,),N*CH,*CH(O-CO-C,H;) *CH,°O-CO- C,H 


Fighteen grams of y-dihydroxydimethylpropylamine gave, on 
benzoylation, 37 grams of By-dibenzoyloxydimethylpropylamine, a yield 
of 75 per cent. of the theoretical. The substance was purified by 
crystallisation of the picrate and regeneration from the pure salt, when 
it formed a colourless, viscid oil which did not crystallise. 

The hydrochloride crystallises from ethyl acetate in long needles, 
which melt at 179—180°. It is anhydrous, and is very readily 


: sluble in water, giving an acid solution, but fairly readily so in 
r alcohol : 

t. 01967 gave 0°4493 CO, and 0°1079 H,O. C=62:3; H=6:1. 

"i 02076 ,, 0°0794 AgCl. Cl=9°5. 

‘d C,,H,,0,N,HCl requires C=62°7 ; H=6:1; Cl=9°7 per cent. 

The nitrate separates from absolute alcohol in large, acicular 
crystals, which melt at 111—112°. It is anhydrous, and is sparingly 
sluble in cold water or alcohol : 

it, 01408 gave 0°3004 CO, and 0:0722 H,O. C=582; H=5°7. 

ng C,,H,,0O,N,HNO, requires C=58-4; H=5'7 per cent. 

ry The aurichloride separates from alcohol in clusters of glistening, 
golden-yellow needles, which melt at 161—162°. It is anhydrous, and 
isinsoluble in water, but sparingly soluble in cold alcohol : *. 

01417 gave 00416 Au. Au= 29-4. 

of C,,H,,0O,N,HAuCl, requires Au = 29°6 per cent. 

ts The platinichloride crystallises from water in clusters of pale yellow 
needles, which melt at 174—176°. It is anhydrous, and is insoluble 
in water, but very sparingly soluble in cold alcohol : 

01275 gave 0°0230 Pt. Pt=18-0. 

“ (C,,H,,0,N ),,HPtCl, requires Pt = 18°3 per cent. 

ten The methobromide crystallises from ethyl acetate in clusters of 

ins nonoclinic plates, which melt at 94—95°. It contains one molecule 

und of water of crystallisation, and is readily soluble in water or 
alcohol ; 

1:8, 01334, air-dried, gave 0°2660CO,jand 0:0710 H,O, C=54:4; H=6°0. 

02288 si, , 0°0966 AgBr. Br=18-0. 

(,H,,0,N,CH, Br,H,O requires C=54'5 ; H=6°‘0 ; Br=18:2 per cent. 
8 | The picrate has already been described by Roth (loc. cit.), and 
tharacterised as yellow, silky plates (from water) which melted at 
12, For comparison, it has been prepared from the pure hydro- 
0 


thloride by precipitation with picric acid, and recrystallised from 
ilcohol. It formed glistening, yellow scales, which melted at 
6 D2 
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178—179°. After recrystallisation from water, the substance 
melted at the same temperature, and, on analysis, proved to be the 
normal salt : 
02004 gave 0°3952 CO, and 0:0784 H,O. C=53:8; H=4-4, 
C,,H,,0,N,C;H,O,N, requires C= 53-9; H=4°4 per cent. 


By-Dibenzoyloxydiethylpropylamine, 
(C,H,).N*CH,*CH(O-CO-C,H,):CH,°0°CO:C,H,. 


Twenty grams of #y-dihydroxydiethylpropylamine gave, on 
benzoylation, 40 grams of By-dibenzoyloxydiethylpropylaming, a yield 


of 83 per cent. of the theoretical. The substance was purified by : 
crystallisation of the picrate, and regeneration from the pure alt, a 
when it formed a colourless, viscid oil which did not crystallise. -_ 

The hydrochloride crystallises from ethyl acetate in colourless, 0 
highly-refracting plates, which melt at 125—126°. It is anhydrous, 
and is very readily soluble in water, giving an acid solution, but T 
sparingly so in cold alcohol or ethyl acetate : clin 

02678 gave 0°6334 CO, and 01572 H,O. C=64:5; H=6°6. we 

02324 ,, 00854 AgCl. Cl=9-1. C 

C,,H,,0,N, HCl requires C= 64:3; H=6-°7 ; Cl=9'1 per cent. 

The nitrate crystallises from ethyl acetate in clusters of short T 
needles, which melt at 123—124°. It is anhydrous, and is sparingly plat 
soluble in water, but fairly readily so in cold alcohol or ethyl acetate: very 

0:1502 gave 0:3292 CO, and 00818 H,O. C=59'8; H=6'1. o 

C,,H,,0,N,HNO, requires C=60°2 ; H=6°3 per cent. 

The hydrogen oxalate separates from boiling water in clusters of qt 
imperfectly-formed, acicular crystals, which melt at 120—121°. It is clini 
anhydrous, and is sparingly soluble in water, but very sparingly so in wal 
alcohol : 0" 

0'1346 gave 0°3058 CO, and 0:0744 H,O. C=620; H=6:2. 

C,,H,,0,N,C,H,0, requires C= 62-0 ; H=6-1 per cent. Th 

The aurichloride crystallises from alcohol in clusters of long, Wwhicl 
yellow, silky needles, which melt at 121—122°. It is anhydrous, 
and is insoluble in water, but sparingly soluble in cold alcohol : 

0°3138 gave 00900 Au. Au=28°7. Te 

©,,H,,0,N,HAuCl, requires Au = 28-4 per cent. stam, 

The platinichloride crystallises from alcohol in hard clusters of am 
yellowish-brown, monoclinic plates, which melt at 176—177% Its ydre 
anhydrous, and is insoluble in water, but sparingly soluble in cold = 
alcohol : dite 

01028 gave 00176 Pt. Pt=17°1. solubl 


(C,,H,,0,N),,H,PtCl, requires Pt = 17°4 per cent, 
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The perate crystallises from dilute alcohol in radial clusters of 
vdlow ueedles, which melt at 139—140°, 


By- Dibenzoyloxy-|-propylpiperidine, 
C,H,,N°CH,°CH(0-CO-C,H,)-CH,-O-CO-C,H,. 


Twenty grams of By-dihydroxy-l-propylpiperidine gave, on benz- 
oylation, 40 grams of By-dibenzoyloxy-1-propylpiperidine in the form of 
a colourless, viscid oil; this solidified on stirring with a little 
alcohol, and, after recrystallisation from the same solvent, yielded 
30 grams of pure base, that is, 65 per cent. of the theoretical. 

The base erystallises from alcohol in clusters of long, white, 
glistening needles, which melt at 64—65°; it is insoluble in water, 
and somewhat sparingly soluble in cold alcohol : 

01630 gave 0°4320 CO, and 0°:1010 H,O. C=72:3; H=6°9. 
C,.H,,0,N requires C= 71:9 ; H=6°9 per cent. 

The hydrochloride crystallises from benzene in clusters of mono- 
dinic plates, which melt at 118—119°. It is anhydrous, and is 
readily soluble in water and alcohol, giving an acid solution : 

(2444 gave 0°0834 AgCl. Cl=84. 

C,,H,,0,N,HCl requires Cl = 88 per cent. 

The nitrate separates from alcohol in glistening, diamond-shaped 
plates, which melt and decompose at 158°. It is anhydrous, and is 
very sparingly soluble in water, but sparingly so in cold alcohol : 
01504 gave 0°3384 CO, and 0:0810 H,O. C=61:4; H=6-0. 
C,,H,,0,N,HNO, requires C=61°3 ; H=6°1 per cent. 

The awrichloride crystallises from alcohol in golden-yellow, mono- 
clinic plates, which melt at 162—163°. It is anhydrous, and is 
insoluble in water, but sparingly soluble in cold alcohol : 

0'2097 gave 00585 Au. Au=27°9. 

C,.H,,0,N,HAuCl, requires Au = 27:9 per cent. 

The picrate erystallises from alcohol in yellow, diamond-shaped plates, 
which melt at 167—168°. 


Piperidylethyl Benzoate, C,H,,N-CH,*CH,*0-CO-C,H,. 


Ten grams of piperidylethyl alcohol gave, on benzoylation, 14°5 
gtams of piperidylethyl benzoate, a yield of 82 per cent. of the 
theoretical. The substance was purified by crystallisation of the 
hydrochloride, and regeneration from the pure salt, when it formed a 
colourless, viscid oil which did not crystallise. 

The hydrochloride erystallises from absolute alcohol in large, mono- 
tlinie plates, which melt at 175—176°. It is anhydrous, and is easily 
‘wluble in water, giving a neutral solution, but sparingly so in alcohol ; 


— 
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0°1782 gave 0°4074 CO, and 0:1164 H,O. C=62°3; H=7°3. 
03116 ,, 0°1647 AgCl C=13'1. very 
C,,H,,0.N,HCl requires C= 62°3; H=7:5 ; Cl=13°1 per cent, 
The hydrobromide separates from its alcoholic solution in glistening 
plates, which melt at 168—169°. It is anhydrous, and is fairly readily 
soluble in water, but sparingly so in alcohol: 
0°2042 gave 0°1214 AgBr. Br=25°9. 
C,,H,,0,N,HBr requires Br = 25-4 per cent. 
The aurichloride crystallises from alcohol in serrated needles, which 
melt at 119—120°. It is anhydrous, and is insoluble in water, but tion. 
somewhat sparingly soluble in cold alcohol : or ac 
01226 gave 0°0422 Au. Au=34°4, 
C,,H,,0,N,HAuCl, requires Au = 34°4 per cent. 
The picrate crystallises from alcohol in clusters of yellow needles, 
which melt at 160—161°. 
The methobromide crystallises from a mixture of aleohol and light 
petroleum in slender needles, which melt at 144—147°. It is 
anhydrous, and is readily soluble in water or alcohol : solub 
02138 gave 0°4318 CO, and 0°1260 H,O. C=55:1; H=6°6. 
01050 ,, 00600 AgBr. Br=24:°3. 
C,,H,,0,N,CH, Br requires C=54'8 ; H=6°8; Br=24-4 per cent. 


1 : 4-Diethanolpiperazine, = 
HO-CH,-CH,-N<CH2' CH .0H,-CH,-OH 
2 2 CH,-CH,~~ 2 2° UE. 0°] 


Six grams of piperazine and 14 grams of ethylene chlorohydrin were 
heated together for four hours at 105°. The resulting dark brown oil 
was made alkaline with 50 per cent. aqueous sodium hydroxide, diluted 
with 150 ¢.c. of alcohol, saturated with carbon dioxide, and filtered. 
The alcoholic filtrate was then dried with anhydrous sodium sulphate, 
filtered, and distilled. After the removal of the alcohol, the distillation 
was continued under 50 mm. pressure, when the base passed over at 
215—220°; after crystallisation from absolute alcohol, 5 grams of 
pure base were obtained ; this yield represents 41 per cent. of the quan 
theoretical. collec 

The base separates from absolute alcohol in large, tetragonal pyramids, cyst: 
which melt at 134—135°, It is very readily soluble in water, and 
readily so in chloroform, but sparingly so in the other usual organic 
solvents : melt 

0°1702 gave 0°3446 CO, and 0:1618 H,O. C=55:2; H=10°. aleoh 

C,H,,0,N, requires C=55'1 ; H=10°4 per cent. 
The hydrochloride crystallises from absolute alcohol in prismatie 
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plates, which contain two molecules of water of crystallisation. It is 
very easily soluble in water, but sparingly so in absolute alcohol. 
After drying at 120°, this salt melts at 200—202°: 
01940, air-dried, lost 0°0242 at 120°. H,O=12°5. 
0'1628, dried at 120°, gave 0°1886 AgCl. Cl=28°7,. 
C,H,,0,N,,2HCI1,2H,0 requires H,O =12°7 per cent. 
C,H,,0,N,,2HCl requires Cl = 28°7 per cent. 

The hydrobromide crystallises from acetone in highly-refracting, 
prismatic plates, which contain two molecules of water of crystallisa- 
tin. It is very readily soluble in water, but sparingly so in alcohol 
oracetone. After drying at 120°, this salt melts at 190—192°: 
02622, air-dried, lost 0°0250 at 120°. H,O=9°5. 
01494, dried at 120°, gave 0'1674 AgBr. Br=47°7. 
C,H,,0,N,,2HBr,2H,0 requires H,O = 9°7 per cent. 

C,H, ,0,N,,2HBr requires Br = 47°6 per cent. 
The nitrate crystallises from absolute alcohol in diamond-shaped 
plates, which melt at 177—178°. It is anhydrous, and is readily 
sluble in water, but sparingly so in absolute alcohol : 
01968 gave 0°2302 CO, and 0:1134 H,O. C=31'9; H=6°5. 
C,H,,0,N,,2HNO, requires C = 32:0; H =6°7 per cent. 
The aurichloride separates from very dilute hydrochloric acid in long, 
light yellow, prismatic needles, which melt and decompose at 205—207°. 
It is anhydrous, and is sparingly soluble in cold water, but moderately 
s0 in alcohol : 
0:1240 gave 0°0570 Au. Au=46°0. 
C,H,,0,N,,2HAuCl, requires Au = 46'2 per cent. 
The picrate crystallises from alcohol in fine yellow needles, which 
melt and decompose at 245—246°. 


s-Di-B-benzoyloxy-1 : 4-diethyl piperazine, 


(,H,00-O-CH,-CHy- Not? oy, >N-CH,'CH,0-00-C,H,, 
Three grams of 1:4-diethanolpiperazine gave, on benzoylation, a 
quantity of solid s-di-B-benzoyloxy-1 : 4-diethylpiperazine; this was 
collected, washed with water, dried on a porous plate, and purified by 
crystallisation from absolute alcohol ; the yield was 6 grams, that is, 
91 per cent. of the theoretical. 

The base crystallises from ether in long, prismatic needles, which 
welt at 104—105°; it is insoluble in water, fairly readily soluble in 
alcohol, and sparingly so in ether : 

01998 gave 05076 CO, and 0-1234 H,O. C=69°3; H=6°9. 
C,.H,,O,N, requires C=69°1 ; H=6°9 per cent. 
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The hydrochloride separates from boiling water in colourless needles, 
which melt and decompose at 260°. It is anhydrous, and is very 
sparingly soluble in cold water or alcohol : 

0°1078 gave 0:0667 AgCl. Cl=15°3. 

C,,H,,0,N,,2HCI requires Cl= 15-6 per cent. 

The hydrobromide crystallises from dilute hydrobromic acid in 
rosettes of feathery needles, which melt and decompose at 264—265°, 
It is anhydrous, and is very sparingly soluble in cold water or 
alcohol : 

0:1476 gave 0'1006 AgBr. Br=29-0. 

C,,H,,0,N,,2 HBr requires Br = 29°4 per cent, 

The sulphate crystallises from water in clusters of glistening needles, 
which melt and decompose at 219—220°. It is anhydrous, and is very 
sparingly soluble in cold water or alcohol : 

0°1346 gave 0.0662 BaSO,. SO,=20°3, 

C,,.H,,0,N,,H,SO, requires SO, = 20-0 per cent. 

The aurichloride crystallises from alcohol in monoclinic plates, which 
melt and decompose at 205°, It is anhydrous, and is insoluble in 
water, but very sparingly soluble in alcohol : 

0:0818 gave 0:0302 Au. Au=36°9. 

C,.H,,0,N,,2HAuCl, requires Au = 371 per cent. 

The pierate crystallises from methy] alcohol in pale yellow, prismatic 
needles, which melt and decompose at 265—267°, 

The methobromide crystallises from water in prismatic needles, which 
melt at 228—229°. Itis very sparingly soluble in cold water, and 
insoluble in alcohol : 

0°2582 gave 0°1678 AgBr. Br=27°'7. 

C..H,,0,N,,2CH,Br requires Br = 27:9 per cent. 


Diethylaminoethyl Phthalate, 
(C,H,),N:CH,*CH,*O*00-C,H,-CO-O0-CH,:CH,"N(C,H;)., 


Eighteen grams of phthaloyl chloride were diluted with 50 c,c. of 
anhydrous ether, and added to a solution of 18 grams of f-hydroxy- 
triethylamine in 50 c.c. of anhydrous ether. A white, crystalline 
precipitate of diethylaminoethylphthalate hydrochloride was imme- 
diately produced ; this was allowed to stand for half an hour, collected, 
dissolved in water, and the aqueous solution extracted with ether 
to remove impurities ; the solution was then rendered alkaline with 
solid sodium carbonate, and extracted with chloroform; on distilling 
the chloroform, 21 grams of the base were obtained as a colourless, 
viscid oil, the yield representing 75 per cent. of the theoretical. 

The hydrobromide crystallises from acetone in bushy erystals, which, 
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after drying at 100°, melt at 157—159°, It is very readily soluble in 
water, and fairly readily so in alcohol : 

0:1486, dried at 100°, gave 0°2470 CO, and 0°0842 H,O. C=45°3 ; 

H=6°'3. 

0:1802, dried at 100°, gave 0°1286 AgBr. Br=30°4. 

C,,H,0,N.,.2 HBr requires C=456; H=65; Br=30°4 per cent. 

The platinichloride crystallises from water in clusters of fine needles, 
which melt at 191—193°. It contains one molecule of water of crys- 
tallisation, and is fairly readily soluble in hot water, but sparingly so 
in cold water : 

0'1240, air-dried, lost 0°0030 at 100°. H,O=2°4. 

0:1210, dried at 100°, gave 00300 Pt. Pt=24°8, 

C,)H,,0,N,,H,PtCl,,H,O requires H,O = 2°3 per cent. 
C.)H,0,N.,H,PtCl, requires Pt = 251 per cent. 

The picrate separates from boiling alcohol in yellow, prismatic crys- 
tals, which melt at 146—147°. It is anhydrous, and is very sparingly 
soluble in water or alcohol : 

0'1884 gave 0:3246 CO, and 0°0848 H,O. C=47:0; H=5-0. 

C,H,.0,N,,2C,H,O,N, requires C= 46°7; H=4°7 per cent. 


Piperidylethyl Phthalate, 
C,H, ,N-CH,*CH,°O-CO:-C,H,-CO-0-CH,°CH,'C,H,,N. 


This base was prepared in a similar manner to diethylaminoethyl 
phthalate. Twenty-eight grams of phthaloyl chloride and 36 grams of 
piperidylethyl aleohol gave 37 grams of the base as a colourless, viscid 
oil, the yield representing 68 per cent. of the theoretical. 

The hydrochloride crystallises from a mixture of absolute alcohol 
and ether in rosettes of long, white needles, which, after drying at 100°, 
melt at 190—191°. Before drying at 100°, the salt is very deliquescent, 
and probably contains solvent of crystallisation, but the nature and 
amount of this were not determined. ‘The salt is very readily soluble 
in water or absolute alcohol : 

0:2464, dried at 100°, gave 0°1553 Ag(l, Cl=15°6. 

C,.H,,0,N,,2HCI requires Cl= 15-4 per cent. 

The hydrobromide crystallises from absolute alcohol in radiating, 
prismatic needles, which melt at 205—206° to a red liquid. It is 
anhydrous, and is very readily soluble in water, but moderately so in 
absolute alcohol : 

0'1638 gave 0:2864 CO, and 0:0916 H,O. C=47'7; H=6°3. 

01968 ,, 0:1352 AgBr, Br=29-2, 

C.H;,0,N,,2HBr requires C= 48-0; H=6:2; Br=29-1 per cent. 

The nitrate crystallises from absolute alcohol in rosettes of fine 
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prismatic ueedles, which melt at 169—170°. It contains one-half a ( 
molecular proportion of water of crystallisation, and is very readily 
soluble in water, and moderately so in alcohol: 7 
0°1896, air-dried, gave 0°3504 CO, and 0°1138 H,O. C=50°4; H=6-7, mel 
0:2646 oa lost 0°0048 at 130°. H,O=1°8. Iti 
(C,,H,,0,N.,2HNO,),,H,O requires C=50°5; H=6:8; H,O=1°7 per 0 
cent. 0 
The platinichloride crystallises from water in rosettes of fine reddish- Cy! 
yellow needles, which melt at 205—206°. It contains one molecule of 
water of crystallisation, and is sparingly soluble in cold water, but 
very sparingly so in alcohol : 
0:0990, air-dried, lost 0-0028 at 140°. H,O=2°8. 
00962, dried at 140°, gave 0°0236 Pt. Pt=24-5. F 
C,..H,,0,N,,H,PtCl,,H,O requires H,O = 2-2 per cent. “a 
C,,H,,0,N,,H,PtCl, requires Pt = 24°4 per cent. viel 
The picrate crystallises from methyl alcohol in fine yellow needles, al 
which melt at 182—183°. P 
pure 
B-Hydroxy-B-3 : 4-methylenedioxyphenylethyldimethylamine, . 
0 CH(OH)*CH,-N(CH,), - as 
CHO 0° 
Seventeen grams of £-bromo-a-hydroxy-3 : 4-methylenedioxyethyl- 
benzene were dissolved in 80 c.c. of absolute alcohol, and boiled for 1 
two hours under reflux with 50 c.c, of a 33 per cent. aqueous solution lustr 
of dimethylamine. After distillation of the alcohol, the product was wate 
rendered alkaline and extracted with ether. The base was then with- alcok 
drawn from the ether by dilute hydrochloric acid, regenerated with 0° 
sodium carbonate, and again dissolved in ether. The ethereal 0° 
solution gave, on evaporation, 13 grams of base, that is, 90 per cent. 0" 
of the theoretical. C,H 
The base was purified by crystallisation of the picrate and regenera- 
tion from the pure salt, when it formed a viscid, colourless oil which Th 
did not crystallise. could 
The hydrochloride crystallises from absolute alcohol in prismatic and 
needles, which melt at 151—153°. It is anhydrous, and is readily whiel 
soluble in water or hot alcohol : aceto 
0°1512 gave 0°2954 CO, and 0:0902 H,O. C=53:3; H=67. 0¢ 
01242 ,, 00732 AgCl. Cl=14°6. 
C,,H,,O,N,HCI requires C=53°'7; H=6°6; Cl=14°4 per cent. Th 
The aurichloride crystallises from alcohol in dark brown nodules, yelloy 
which melt at 111—112°. It is anhydrous, and is readily soluble in + 


hot water or alcohol : 
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0:1768 gave 0°0642 Au. Au=36°3. 

C,,H,,0,N,HAuCl, requires Au=35°9 per cent. 

The picrate crystallises from water in fine prismatic needles, which 
melt at 98 —100°, and contain one molecule of water of crystallisation. 
It is readily soluble in hot water : 

0:1130, air-dried, gave 0°1858 CO, and 0:0452 H,O. C=44'8 ; H=4°5. 

01446 » lost 00052 at 125°. H,O=3°6. 
(,,H,,0,N,C;H,0,N,,H,O requires C = 44:7; H=4:4; H,O=3°9 percent. 


-Benzoyloay-B-3 : 4-methylenedioxyphenylethyldimethylamine, 
0- \CH(0-CO°C, H,)-CH,"N(CH,),. 
CHO 

Five grams of B-hydroxy-B-3 : 4-methylenedioxyphenylethyldimethyl- 
amine gave, on benzoylation,5 grams of the benzoylated base; the 
yield represents 78 per cent. of the theoretical. The substance was 
purified by crystallisation of the hydrochloride and regeneration from the 
pure salt, when it formed a colourless, viscid oil which did not crystallise. 

The hydrochloride crystallises from hot water in glistening prisms, 
vhich melt at 216°. It is anhydrous, and is sparingly soluble in cold 
water or alcohol : 

0'1786 gave 0°0716 AgCl. Cl=9°9. 

C,,H,,0,N,HCI requires Cl= 10:1 per cent. 

The hydrogen sulphate crystallises from absolute alcohol in irregular, 
lustrous plates, which melt at 89—90°. It contains one molecule of 
water of crystallisation, and is readily soluble in water or absolute 
alcohol : 

0'1082, air-dried, gave 0°1996 CO, and 0°0542 H,O. C=50°3 ;H=5°6. 

01330, =~ lost 00050 at 100°. H,O=3°8. 

01466, dried at 100°, gave 00834 BaSO,. SO,=23°4. } 
C,H,,0,N,H,SO,,H,O requires © =50°3; H=5-4; H,O=4:2 percent. 

C,,H,,0,N,H,SO, requires SO, = 23°3 per cent. 

The platinichloride was obtained as a granular precipitate which 
sould not be crystallised. It was purified by dissolution in acetone, 
and precipitated with ether, when it formed a granular precipitate, 
which melted and decomposed at 151—153°. It is readily soluble in 
acetone, but insoluble in water, alcohol, or ether : 

00748, dried at 100°, gave 0:0140 Pt. Pt=18°7. 

(C,,H,,0,N),,H,PtCl, requires Pt = 18-8 per cent. 

The picrate crystallises from absolute alcohol in rosettes of « fine 

yellow needles, which melt at 184—185°. 


Tae Wettcome CHEMICAL Works, 
DartrorD, Kent. 
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CLXXVIIL—TZhe Relation between Absorption Speetra 
and Chemical Constitution. Part X. Unsaturated 
Acids of the Benzene Series. 


By Epwarp CuHarLes Cyrit Baty and Konrap ScHAeErer. 


Amonc the instances of compounds which do not conform to modern 
views on the origin of colour, perhaps one of the most striking is 
that of cinnamylidenemalonic acid. As is well known, the free 
acid and its esters are yellow, whilst its alkali-metallic salts are 
quite colourless. It would seem impossible that the replacement 
of the alkyl groups by a metal should entirely alter the structure 
of a compound, and yet this is the view that would probably find 
the greatest favour at the present time. We have examined the 
absorption spectra of this acid, its methyl ester, and sodium salt, 
and find that they are strikingly similar, the only difference 
between them lying in the position of the absorption bands. It 
is at once evident, if such evidence be needed, that there can be no 
real difference in constitution between the three substances. The 
explanation of the shift in the absorption band when the acid is 
converted into the sodium salt must be found in the fact that the 
system of conjugated double linkings is readily influenced by the 
character of the atom replacing the hydrogen of the carboxyl 
group. In other words, the position of the absorption band must 
depend on the free residual affinity of the carbonyl portion of the 
carboxylic groups at the end of the chain. 

If we consider the compound cinnamylideneacetone, 

C,H,-CH:CH-CH.CH-C-.0 
CH,’ 

it will be seen that the carbonyl group is conjugated with two 
double linkings and a phenyl group. The isorropesis due to this 
conjugation produces the absorption band shown by the full curve 
in Fig. 1 (upper part), with its head at a frequency of about 3130. 
In the case of cinnamylideneacetic acid where the methyl group is 
replaced by hydroxyl, the absorption band, as shown by the full 
curve in Fig. 1 (lower part), has been shifted towards the violet 
end of the spectrum, and has now its head at a frequency of about 
3320. The free residual affinity of the carbonyl group has been 
materially altered ; a portion has been bound up with the adjacent 
hydroxyl group, so that there is less free affinity able to conjugate 
with the system C,H,-CH:CH:CH:CH-, with the natural sequence 
that the absorption band of the acid is nearer the violet end of the 
spectrum than in the case of the ketone. It can be seen at once 


t 


ee ood 


ABSORPTION SPECTRA AND CHEMICAL CONSTITUTION. 1809 


that in these unsaturated acids of the type of cinnamylideneacetic 
we are able, from a determination of their absorption spectra, to 
examine the carboxyl group and estimate relatively the amount of 
free residual affinity possessed by the carbonyl group. The system 
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Upper curves : Cinnamylidene acetone. 
Full curve: Alcoholic solution. 
Dotted ,, : sid », containing sodium ethoxide, 


Lower curves: Cinnamylideneacrylic acid. 


Full curve: Jn alcoholic solution. 
Dotted ,, : - . + NaOEt. 


formed by the phenyl group with a side-chain containing ethylenic 
linkings is a very delicate touchstone, against which one may try 
Varlous atomic groupings with a view to determining their value 
as centres of residual affinity relatively to some standard. In the 
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present case, the standard substance is the corresponding ketone, 
Among the many fields of research at the present time, the 
carboxyl group and its esterification possesses very considerable 
interest, both from the point of view of steric hindrance and also 
from the point of view of catalysis. The actual mechanism of 
esterification is imperfectly understood, although the most generally 
accepted view is that the reaction is one of addition of the alcohol 
followed by the loss of water. For example: 


G:0 G-OEt C-OEt 
“a /\ 7 a 
HO OH 


According to this theory the esterification constant of an acia 
must depend directly on the free residual affinity of the carbony! 
group; the greater this free aftinity the more readily will the 
alcohol attach itself to give the intermediary additive compound. 
This view was put forward in a previous paper (Stewart and Baly, 
Trans., 1905, 89, 489), and it was suggested that the activity of 
the carbonyl group is determined by the nature of the adjacent 
carbon atom. From analogy to the ketones, the activities of the 
carbonyl groups should form a descending series in formic, acetic, 
propionic, and isobutyric acids, and therefore the esterification 
constant should fall, which, indeed, is a well-known fact. No 
spectroscopic method is at present available for the determination 
of the activity or free affinity of the carboxylic carbonyl group in 
the fatty acids. 

The results, however, given by the unsaturated acids of the 
benzene series show that a second contributory variable lies in the 
hydroxyl group, and that the activity of the carbonyl group 
depends to a considerable extent on the character of the hydroxyl 
group, its ionisation, etc. Fig. 1 (ijower curves) shows the absorp- 
tion of cinnamylideneacetic acid and also of its sodium salt, and in 
the latter case the absorption band is shifted very distinctly 
towards the violet end of the spectrum, showing that the carbonyl 
group has even less free residual affinity than it has in the free 
acid. In order to investigate more fully the influence of substitu- 
tion, we examined cinnamylidenemalonic acid, which shows the 
effect more plainly. The curves obtained are given in Fig. 2 
(upper part), the effect of alkali and mineral acid being most 
marked. The addition of alkali decreases, whilst the addition of 
acid increases, the free affinity of the carbonyl group, since the 
absorption band shifts towards the blue in the one case and towards 
the red in the other. It will also be noticed that a solution of the 
acid in water develops its absorption band nearer the blue than in 
alcoholic solution. The natural deduction from this is that the 
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more the substance is ionised the less free affinity is possessed by 
the carbonyl group. The affinity is increased when the ionisation 
is hindered by the addition of hydrogen ions, and decreased in the 
easily ionisable sodium salt. The explanation of this follows simply 
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Upper curves: Cinnamylidencmalonic acid. 
Full curve: Alcoholic solution. 
Dotted ,, : ‘ "és +NaOEt. 
Dash and two dots curve: Alcoholic solution + HCl. 
Dash and dot »» + Aqueous solution. 


Lower curves: Methyl cinnamylide nemalonate. 


Full curve : Alcoholic solution, 
Dotted ,, : Aquevus ~ 


from the comparison already drawn between cinnamylideneacetone 
and cinnamylideneacetic acid. The replacement of the methyl 
group by the hydroxyl group causes a certain amount of the free 
ainity of the carbonyl group to be bound up with the hydroxylic 
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oxygen. The greater the amount of ionisation the greater will be 
the affinity of the hydroxylic oxygen atom, and hence the greater 
amount of the affinity of the carbonyl group will be bound up with 
it, with the result that the carbonyl group will have less free affinity, 
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Upper curves: Cinnamic acid. 
Full curve: Alcoholic solution. 
Dotted ,, : - a“ + NaOEt. 
Dot and dash curve: Alcoholic solution + HCl. 
Dash and two dots curve: Agueous solution. 
Lower curve: Ethyl cinnamate. 
Similarly, the less the ionisation the greater the free residual 
affinity cf the carbonyl group. 
These results have been confirmed. in benzylidenemalonic and and aqu 
cinnamic acids, the absorption spectra of which are shown i alkali. 
Figs. 3 and 4. The absorption spectrum of benzylideneacetone is the resp, 
given in Fig. 4, and may be compared with that of cinnamic acid. four eu 
VOL. } 
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In order to prove that the effects observed with the acids are due 
to the hydroxyl group only, we have examined benzylideneacetone, 
cinnamylideneacetone, methyl cinnamylidenemalonate, and ethyl 
cinnamate under the same conditions, namely, in neutral alcoholic 


Fic. 4. 
Oscillation frequencies. 
3000 20 40 60 80 400020 40 


24 a 250 

22 | 
3 20 100 
< 18 J 
S \\ 50 § 
Th \\k a = 
= 14 + ra aN 25 & 
Z \BS | S 
at 12 RS ae aw Oo 
vod Le se \ 3 
= 10 T 10 > 
2 8 i. 
an +4] = 
Be 48 
"$24 250 “> 
S oof 4 = 
S 20 nt 1 100 :s 
% ‘ aN ~ 
, 18 Fan 2 
> it i \\ 0 3 
pes an : 
= \ ~ 
ze 14 j 25 
5 \ /\_\\ 
3 12 / 

10 j 10 

SR” 
8 
5 
6 4 


Upper curves : Benzylidenemalonic acid. 


Full curve: Alcoholic solution. 
Dotted ,, : jo ae + NaOEt. 
Dash and dot curve: Aqueous solution. 


Lower curves: Benzylidencacctone. 


Full curve: Alcoholic solution. 
Dotted ,, : Aqueous s 


id aqueous solutions, and also in presence of mineral acid and 
kali, Only very minor changes were observed, as are shown in 
ihe respective diagrams. In the case of ethyl cinnamate, all the 
fur curves are the same 3; the aqueous solutions of methyl 
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cinnamylidenemalonate and benzylideneacetone show an extremely 
small variation from the alcoholic, whilst a slight shortening of the varia 
band is observed on the addition of alkali to cinnamylideneacetone, 
The changes in the position of the absorption band observed with 
the free acids must therefore be due to the changes in the hydroxy] 
group. 

There are thus two influences at work which determine the 
affinity of the carbonyl group in carboxylic acids, namely, (1) the 
nature of the adjacent carbon atom, and (2) the condition of the 
hydroxylic oxygen. On both of these does the affinity, and hence 
the esterification value, depend. It may be pointed out that these 
results throw some light on the catalytic action of mineral acid 
on the esterification process, because, owing to the probable action of 


mineral acid in depressing the ionisation of the organic acid, the 
free affinity, and thus the activity of the carbonyl group, is 
enhanced ; the velocity of esterification is therefore increased. 
An interesting and important point arises in connexion with 
cinnamylidenemalonic acid. The free acid is yellow, the colour 
being due to the absorption band with its head at 3100; the sodium | 
salt, since the absorption band is shifted just out of the visible OLY. 
region, appears colourless to the eye. From a physical point of | 
view, it is almost as strongly coloured as the acid, since the absorp- | 
tion band is nearly as deep, but, owing to the fact that the eye 
happens to be incapable of appreciating the colour, it is considered By 
as colourless. This fact emphasises the danger of forming any — 
theory as to the constitution of any substance from the merely proba 
physiological estimate of its colour. to suc! 
commit 
Conclusions. a 
solutio 
1. Unsaturated ketones of the type of cinnamylideneacetone the ab 
exhibit a well-marked absorption band arising from the isorropesis racemi 
due to the conjugation of the carbonyl group with the double a curv 
linkings and the phenyl group. that af 
2. In the unsaturated acids of the type of cinnamylideneacetic, 4 per 
the absorption band is shifted towards the violet end of the dextro. 
spectrum, because, owing to a certain amount of the residual as the 
affinity of the carbonyl group being bound up with the hydroxy! and mc 
group, there is less free affinity to conjugate with the double than ] 4 
linkings and the phenyl group. ; in agre 
3. The amount of the free affinity of the carbonyl group 38 1887, 
greatest when the acid is not ionised, and least in the easily ionised March] 
sodium salt. Stew 
4. The esterification constant of any acid depends on the free wentior 
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sfinity of the carbonyl group; this free affinity depends on two 
variables, namely, (1) the nature of the atoms or groups united 
with the adjacent carbon, and (2) the nature of the atom combined 
with the hydroxylic oxygen. 

5. The catalytic action of mineral acid in esterification depends 
on the fact that mineral acid depresses the ionisation of the organic 
scid and increases the free affinity of the carbonyl group. 


The authors wish to express their thanks to Mr. W. N. Morley, 
who prepared many of the compounds described in this paper, and 
also to the Research Fund Committee of the Chemical Society 
for a grant in aid of the above investigation. 
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(LEXIX.—The Relation between Viscosity and Chemical 
Constitution. Part II. The Existence of Racemic 
Compounds in the Ingquid State. 


By Atpert Ernest Dunstan and FERDINAND BERNARD THOLE, 


Tae marked delicacy of the viscosimetric method renders it extremely 
probable that valuable information is to be obtained by its application 
to such problems as that indicated in the title. Of only one previous 
communication can it be fairly said that a definite answer has been 
given to the question as to the existence of racemic compounds in 
solution. Stewart (Trans., 1907, 91, 1537), by the determination of 
the absorption spectra of aqueous solutions of dextro-, meso-, and 
racemic tartaric acids, conclusively demonstrated that in the last case 
acurve was obtained which for low concentrations was identical with 
that afforded by the optically active forms, but at concentrations above 
lt per cent. the curve for racemic acid diverged from that of the 
dextro-tartaric acid: this observation being indicative of the fact that, 
a8 the solution became more concentrated, the racemic form was more 
and more stable in the dissolved state, whereas at less concentrations 
than 14 per cent. an almost complete dissociation ensued, a conclusion 
agreement with the statements of Raoult (Zeitsch. physikal. Chem., 
1887, 1, 186), Ostwald (J. pr. Chem., 1885, [ii], 32, 341), and 
Marchlewski (Ber., 1892, 25, 1556). 

Stewart (Stereochemistry, p. 41) points out that, with the above- 
lentioned exception, there is no method available for the decision 
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of this question, although Bruni and Padoa (loc. cit.) considered that 
from determinations of molecular weight they had obtained indica. 
tions of the existence of complex molecules, whilst, on the other hand, 
Walden finds that racemates in solution have the same affinity 
constants as the optically active forms, and from vapour density 


determinations the same identity is discovered. ta 
In a recent paper, Ranken and Taylor (Proc. Roy. Soc. Edin., 1907, 

27, 172), on investigating the physical properties of solutions con- 

taining independent optically active substances, point out that there 

is an unmistakable difference of properties between the optically 

active and the racemic solutions. This difference is most pronounced 

in the more concentrated solutions, and is no doubt an indication of 

the existence of racemic ions or molecules in solution. This con- 

clusion is supported by the fact that in every case the viscosity of the 

racemic solution is less than that of the optically active form. This 

observation is of interest because the same authors show that some 

doubt exists as to the weight to be attached to density determina- 

tions, for whereas Perkin (Trans., 1887, 51, 362) gives the density 

of an 8°333 per cent. solution of the dextro-form at 15°/15° as 1:03703 

and of the racemic form at the same temperature and concentration 

as 1°03712, and Marchlewski gives for similarly comparable solutions 

of 14018 per cent. as 1°06600 and 1:06623 respectively, Ranken 

and Taylor show that, on the average, the racemic solution has the less 

density, although it is fair to mention that these authors did not 

pursue their investigation from the point of view of density, a 

quantity which they only determined incidentally, 

Ex PERIMENTAL. The 

In the present communication, we have determined the viscosities — 

and densities of dextro-, levo-, meso-, and racemic tartaric acids at ‘ite 

25° through a range of concentration in aqueous solution; dextro- vill 

and racemic malic acids in aqueous solution; dextro-, levo-, and ate 

racemic limonenes in the liquid state, and ]evo- and racemic amyl the ye 

alcohol in the liquid state. Ranke 
The description of apparatus and method will be found in our asiaee 

previous papers (Trans., 1904, 85, 817 ; 1905, 87, 11; 1907, 91, 83; ee ‘ 

1907, 91, 1728). ba 
Most of the materials were specially prepared for us by Schuchardt The 

and Kahlbaum, and were purchased with a grant from the Research bet wh 

Committee of this Society, to whom we make this grateful acknow- head 

ledgment. We also desire to express our indebtedness to Dr. Stewart inteod 

for the specimens of amyl alcohol arid mesotartaric acid with which in the 


he supplied us. bet weer 
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The Tartaric Acids. 
d-Tartaric Acid (Kahlbaum). M. p. 170°. 


Per cent. Time of Density, 
tartaric acid. flow in seconds. 25°/4°. Viscosity. 
0°0 737 °2 0°9972 0700891 * 
4°64 799°4 1°0181 0°00991 
7°99 849°7 1°0337 0°01065 
11°675 9222 1°0511 0°01175 
15°01 1000°4 1°0673 0°01294 
0°0 25°2 0°9972 0°00891 
7°69 28°6 1°0328 0°01047 
* Thorpe and Rodger. 
1-Tartarie Acid (Kahlbaum). 
7°69 28°6 10328 0-01047 
Mesotartaric Acid. 
0°0 282°3 0°9972 0°00891 
9°966 339°9 1°0428 0°01120 
r-Tartaric Acid (Kahibaum). M. p. 206°. 
0°0 737 °2 0°9972 0°00891 
4°02 787 °2 1°0153 0°00969 
7°00 833°7 1°0290 0°01040 
13°14 949°3 1°0583 0°01218 
00 282°3 0°9972 0°00891 
15°98 389°4 1°0719 0°01319 


The above results are plotted in Fig. 1, with the exception of that 
for the meso-acid, which falls near to the curve for the dextro-acid. 
The same viscometer has been used for each series of determinations 
to avoid errors arising from calibration, An examination of the figure 
will show that the curve for the racemic modification lies very 
uniformly below that of the active form, but it will be noticed that 
the differences are very small, comparable in fact with those of 
Ranken and Taylor. Were it not for the low solubility of the 
racemic acid, it would have been possible to push the observations 
‘a greater concentration, and so probably obtain greater divergences 
from the curve for the dextro-acid. 

The densities of the respective solutions show minute differences, 
but when plotted on a scale of sufficient size for reproduction, they are 
found to lie practically on a straight line. As mentioned in the 
introduction, a degree of accuracy much greater than is justifiable 
in the present case would be needed to show any marked differences 
between the racemic and active isomerides. 
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purity 
caleul: 
compo 


the Racemic Modification Prepared from it by 
over Potassium Hydroxide. B. p, 129°. 


Time of flow. Density, 25°/4°. Viscosity. We 
RRND ssscndssi sedsnnsveses 282°3 0°9972 0°00891 here, ¢ 
l-Amy] alcohol............ 1733°0 0°8162 0°04476 value 

P-AMy] 45 — ceorecsseres 1588°0 0°8188 0°4115 
form ¢ 

Fic, 1. 
0°0140 la 
\ 
d 
l 
0°0130 / d 
yo ( 
d- and 
= 00120} 4 ~ V 
= d 
2 r, 
3 The V2 
3 0:0110 V, 

Earl} 
that sor 
ouly @ 

00100 y neutral; 
and am 
d- and 
obtaines 
Seace 
0:0090 tempera 
0 5 10 15 20 
wai d+/-tar 
Concentration in grams per 100 grams of solution. 
pagers rye was the 
d-Tartarie acid (upper curve) and racemic acid (lower curve). ; 
absorpti 
: . racemati 
land d-Limonenes (Schuchardt), and the dl-Limonene prepared om 
therefrom. B. p. 174°5°. at 28° 
Time of flow. Density, 25°/4°. Viscosity. Van’t 
WE © paasaiicewedscasdae 282°3 0°9972 000891 . 
Midis deciaye pondinstnnaieapaens 344°8 0°8457 000923 — - 
| OATES EM 649°8 0°8782 001806 dilatome 
Ot LITE CT 448°6 0°8617 0-01223 bility om 
Calculated for d+7Z...... — -- 0°01365 
To suj 
Although when one compares the densities and viscosities of the vith the 
ndividual isomerides some doubt way be expressed as to their chemical sue tral 
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purity, yet the fact that the viscosity of the d+/-form is less than the 
alculated mean value is indicative of the formation of a racemic 
compound. 

We also examined specimens of the pinenes, prepared by Schuchardt, 
here, again, the d- and /-forms had different viscosities, but the mean 
value calculated from these values and that determined for the d + d- 
form differed. 


|. and d-Pinenes (Schuchardt). B. p.: dextro=155°; levo = 159°. 


Time of flow. Density, 25°/4°. Viscosity. 
RR re ore AR 282°3 0°9972 0:00891 
* eG Pree See PS ene §82°6 0°8711 0°01606 
l see ece eee tee eee seesseereseeres 518°0 0°8612 0°01412 
CRUE occ acndiaieneaeverunnices §55°2 0°8668 0°01523 
Caleulated for d+2...... —_ —_ 0°01509 


d- and r-Malic Acids (Schuchardt). M. p.: d=98—99° ; r= 128—129°. 


Time of flow. Density, 25°/4°. Viscosity. 
Sener ree pears? 2 282°8 0°9972 0°00891 
d, 17°43 per cent.. ...... 460°1 10665 0°01550 
NN aa. cautions 395°6 10666 001333 


The Viscosity of Sodium Ammonium Turtrate Solutions and the 
Determination of its Transition Point. 


Early in the study of stereochemistry the observation was made 
that sodium ammonium tartrate and sodium ammonium racemate can 
oly exist within definite temperature limits. When Pasteur 
neutralised racemic acid by equivalent quantities of sodium hydroxide 
and ammonia, he obtained, on crystallisation, equal amounts of the 
d- and U-salts, whereas Staedel, under apparently similar conditions, 
obiained the sodium ammonium racemate. 

Scacchi, in a comprehensive research, showed that at higher 
temperatures the racemate crystallised, but at lower temperatures the 
d+ltartrates appeared. Wyrouboff further pointed out that 28° 
vas the transition point in question, and that the change involved the 
absorption or elimination of water, for if powdered sodium ammonium 
remate is mixed with water below this temperature, it sets to a 
wlid mass of the mixed d- and /-tartrates, which apparently melts 
at 28°, 

Van't Hoff (Bildung und Spaltung von Doppelsalzen, Leipzig, 1897) 
gives the methods of determining this transition point, namely : 
lilatometric (rising temperature), 26°7—27°7° ; intersection of solu- 
tility curves, 27°; dilatometrie (falling temperature), 29°. 

To supplement the above work from another point of view, and 
vith the expectation of adding yet another method of determining 
‘uch transition points, we have measured the viscosities and densities 


see 
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of aqueous solutions of sodium ammonium tartrate (d/) at degree 


intervals from 25° to 30°. 


To avoid calibration errors of the viscometer, we have taken the 
product, time of flow x density, as being equivalent to viscosity, 


in: te the f 
IG. 2. 
t 
4900 1085 ~ 
| *, furth 
\ Th 
a I. 
4800 = 1-080 Il 
\ form. 
ea N ta Il] 
Xt i \ %, disso 
= 4700 = - > a 1075 race 
3 2 a hence 
> ‘ “% g weigh 
8 Me % of ho 
3 we 2 bs 
= 4600 1070 
3 - a wor 
> 7 IV 
= be de 
i) 
Z 4500 mn 1-065 tig 
5 ie i. The s 
2 ‘\ marke 
Q 4 
The 
4400 1-060 Dr. S 
x PE 
4340559 26 27° 28° 28°7° 29° gq°! 057 
Temperature, 
Viscosity and density of sodium ammonium racemate and tartrate. 
Sodium ammonium tartrate (Schuchardt) : 
0°6934 lost 0'1959 H,O at 110°. H,O= 28:2. CLX 
C,H,O;NNa,4H,0 requires H,O = 28-0 per cent. 
One hundred grams of solution contained 25:19 grams of the 
crystallised salt. 
Temp. Time of flow, Density. txd, Iva p 
25° 438°3 1°1085 485°9 
26 428°2 1°1081 474°4 
27 418°4 1°1077 464°5 magne 
28 410°3 1°1072 454°3 time ti 
29 402°6 1°1068 445°6 the 
30 392°3 1°1064 434°0 C 
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The above results are plotted in Fig. 2. It is to be noticed that 
each figure shows two curves intersecting at 28°7° respectively for 
viscosity and density curves. The dotted parts of the curve were not, 
of course, determined, but serve to show the normal continuations of 
the full curves. It is probable that each curve shades into the other 
gradually from both sides of the transition point. 

We intend to pursue this side of the work more completely in a 
further paper. 

The following conclusions may be summarised : 

I. The viscosities of d- and /-forms of tartaric acid are identical. * 
II. Mesotartaric acid has a viscosity very close to that of the d- 
form. 

III. Racemic compounds exist in solution, but at small concentrations 
dissociation takes place to a varying extent. It seems likely that the 
racemic compound has less residual affinity than the active forms ; 
hence the increased viscosity due to the increased (doubled) molecular 
weight is more than balanced by the diminution due to a less degree 
of homogeneous or heterogeneous association. 

On the other hand, it may of course happen that the formation of 
awore symmetrical molecular grouping favours mobility. 

IV, The transition point between a racemate and its antipodes may 
be demonstrated by determining the viscosity through a range of 
temperature, when a change of curvature occurs at the transition point. 
The same point is also shown on the density curve, but to a less 
marked extent. 


The authors desire to thank Assistant-Professor Smiles and 
Dr. Stewart for their suggestions and criticism. 
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CLXXX.—The Direct Interaction of Magnesium and 
Alkyl Halides. 


By James Freperick Spencer and Mary 8S. Crewpson. 


Iva previous paper (Spencer and Stokes, Trans., 1908, 93, 68), it has 
been shown that aryl bromides and iodides react directly with 
magnesium when heated ; it had not, however, been observed at the 
time that aryl chlorides or alkyl halides react with magnesium under 
the conditions employed in the experiments in question. Lohr 
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(Annalen, 1891, 261, 72) has shown that methyl iodide reacts with 
magnesium when the two substances are heated together in the 
presence of a small quantity of ethyl acetate in a sealed tube, Ethyl 
and propyl iodide also react with magnesium when heated in sealed 
tubes, giving mixtures of saturated and unsaturated hydrocarbons, 
together with small quantities of organo-magnesium compounds, The 
present communication shows that both aryl chlorides and alkyl 
halides will react directly with magnesium when they are heated 
together under suitable conditions. 
Aryl chlorides, and all the lower alkyl halides up to the butyl 
derivatives, only react with magnesium when heated to about 270° in 
a sealed tube for several hours. 
Alkyl halides higher in the series than the butyl derivatives react 
with magnesium when they are heated with it at their boiling point 
for a few minutes. The reaction is regarded by the authors as taking 
place along the two lines indicated. 
1. The formation of a magnesium alkyl halide, thus : 
RX + Mg=R-MgX. 
2. The formation of a hydrocarbon containing twice as many carbon 
atoms as the original halide, thus: 
2RX + Mg =R-R+ MgX,. 
In addition to these compounds, however, unsaturated hydrocarbons 
are also found in the gaseous portion of the reaction products obtained 
from all interactions effected in sealed tubes. These unsaturated 
hydrocarbons, consisting as they do of both acetylenes and olefines, 
are due in all probability to the action of heat on the original halide, 
or on the initial products of the reaction, for Miss Kahan (Trans., 
1908, 93, 133) has shown that methyl and ethyl iodides are decom- 
posed by heat with the formation of unsaturated hydrocarbons. 
Saturated hydrocarbons are not the only products when water is 
added to the solid product obtained by the action of an alkyl halide on 
magnesium in a sealed tube. In addition to the saturated hydro- 
carbon expected, unsaturated hydrocarbons, consisting of both 
acetylenes and olefines, are also formed. The presence of these 
compounds in the product can be explained if we assume that the 
magnesium alkyl halide first formed has been decomposed by the 
action of heat with the formation of an unsaturated organo-magnesium 
halide and free hydrogen, as indicated by the equations : 
C,H,*MgI = C,H,-Mgl + H, ; 
C,H,-Mgl+H,O=C,H,+HO-MglI ; 
C,H,-Mgl = C,H-MgI + H,:C,H-MgI + H,O=C,H, + HO-Mgl. 
The invariable occurrence of large quantities of hydrogen in the 
gaseous products can be regarded as confirmation of this assumption. 
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In all reactions where it was unnecessary to use a sealed tube, 
unsaturated hydrocarbons were not found among the products. 

The magnesium alkyl halides are all white, crystalline compounds, 
and are produced in larger quantities the higher in the series the 
wrresponding hydrocarbon stands ; thus sec.-octyl iodide furnishes a 
magnesium compound, which, on treatment with water, gives 85 per 
wnt. of the theoretical yield of octane, whilst tsoamyl iodide gives 
§0 per cent. of the theoretical quantity of pentane. Halogen sub- 
tituted compounds, other than the hydrocarbon derivative, also react 
directly with magnesium ; for example, methyl bromoacetate reacts 
very readily with magnesium on heating to its boiling point. We 
should like to point out here that, while this work was proceed- 
ing, and after the reaction with methyl bromoacetate had been 
completed, we received a copy of a paper from J. B. Tingle and 
£. E. Gorsline (J. Amer. Chem. Soc., 1907, 3'7, 483), acquainting us 
with their work on the Grignard reaction ; this paper contained an 
account of the influence of solvents on the ease with which the 
reactions take place. These investigators draw our attention especially 
toa reaction between magnesium and ethy! chloroacetate in ether and 
other solvents, and mention in their letter that they have also induced 


stated neither in their letter nor the paper cited, with the formation of 
ethyl acetate. Im our experiments, methyl acetate was one of the 
products, but dimethyl succinate was also formed, and to a much 
larger extent. 


EXPERIMENTAL. 


In all experiments where sealed tubes were not used, the method of 
carrying out the reaction was exactly the same as that adopted in the 
paper already quoted. 

In those reactions which only proceeded in sealed tubes, the 
theoretically proportionate quantities of the halide and magnesium 
were sealed up, and heated at about 250° for from five to eight hours. 
When the tubes were cold, they were immersed in liquid air and opened; 
generally there was no pressure on opening when the tubes were treated 
in this manner, a fact which would indicate the absence of any large 
quantity of hydrogen. ‘The tube was then removed from the liquid air, 
and connected with a gas holder, in which the evolved gas collected as 
the tube became warmer. ‘This gas invariably contained large 
quantities of hydrogen, a fact which suggests that magnesium 
possesses the property of absorbing hydrogen at low temperatures. 
We are at present investigating this point. The gas was analysed in 
te usual way. After the tube had attained the atmospheric tempera- 


this reaction to take place without solvents, presumably, since it is’ 
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ture, and no more gas was evolved, the solid residue was treated 
with water, and the gas or liquid evolved was collected and analysed, 
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Interaction of Magnesium and Methyl Iodide. 
Ten grams of methyl iodide and 1°75 grams of dry powdered 


magnesium were heated in a sealed tube for seven hours at 280° 
An inflammable gas was obtained, which consisted of 56 per cent. of 
hydrogen, 42 per cent. of ethane, 1 per cent. of acetylene, and 05 
per cent. of ethylene. Ou treating the solid in the tube with water, 
a gas was obtained which was inflammable, burning with a smoky 
flame, and consisting of 72°6 per cent. of hydrogen, 9:2 per cent. of 
methane, 13°6 per cent. of acetylenes, and 3°3 per cent. of olefines. 


Interaction of Magnesium and isoAmyl Iodide. Ten gi 

Ten grams of isoamyl iodide were heated in a hard glass flask with ce 

15 grams of magnesium for about half a minute, when a violent seine 
reaction set in ; this completed itself without further heating, and a yes 

. , , ‘ ore a conside 

white, microcrystalline substance was formed, which, on the addition roduct } 

of water, yielded 62 per cent. of the theoretical quantity of as wg 


isopentane. dtnined 
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Interaction of Magnesium and sec.-Octyl Iodide. 


Ten grams of sec.-octyl iodide were heated in a hard glass flask with 
one gram of magnesium for a few seconds, when a violent reaction 
commenced and proceeded to completion without further heating. The 
product of this interaction was a white, crystalline compound, which 
reacted violently with water, producing an oil. The oil was separated 
and fractionated, and constituted a yield of 84 per cent. of octane. 
The intermediate compound obtained in this experiment was purified 
and analysed in the following manner : it was washed twice with cold 
ether to remove any unchanged octyl iodide, then with warm ether to compour 
separate the compound from unchanged magnesium, the ethereal inflamm: 
solution evaporated to dryness, and the product heated to 100° to ethane, 
decompose any double compound with ether. In this way, a white, 
crystalline substance was obtained in long, rhombic _ needles, 
which were quickly weighed, treated with water and dilute nitric 
acid, and evaporated to dryness; the magnesium was estimated as 
pyrophosphate : heated 

0°1037 gave 0°0420 Mg,P.0,. Mg=8°78. 

C,H,,IMg requires Mg = 9-08 per cent. 
This compound dissolves in ether with extreme readiness. 
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Interaction of Magnesium and Ethyl Chloride. 


Ten grams of ethyl chloride and 4 grams of magnesium were heated 
together for six hours in a sealed tube at 260°. The gaseous products 
gere found to consist of 45 per cent. of butane, 20 per cent. of olefines, 
and 22 per cent. of hydrogen. The yield of these gases was large, 
about 350 c.c. of the mixture being collected. On adding water to the 
shite solid remaining in the tube, an inflammable gas was evolved, 
shich consisted of 86 per cent. of hydrogen and 13 per cent. of ethane ; 
there were no unsaturated hydrocarbons formed in this experiment. 


Interaction of Magnesium and isoButyl Chloride. 


Ten grams of isobutyl chloride were heated with 2:4 grams of 
magnesium in a sealed tube at 260° for seven hours. On opening the 
tube, only a small quantity of gas was evolved, and this, on analysis, 
proved to be practically all hydrogen; there was, however, in the tube 
aconsiderable quantity of a liquid ; this was removed from the solid 
product by draining, and was found to consist of unchanged isobutyl 
chloride and ditsobutyl, boiling at 108°; 2:5 grams of the latter were 
obtained, which constituted a yield of 40 per cent. The solid residue 
in the tube was then treated with water, and the gas evolved, collected, 
and analysed ; it consisted of 58 per cent. of hydrogen, 18 per cent. of 
butane, 11°3 per cent. of acetylenes, and 11°6 per cent. of olefines. 


Interaction of Magnesium and Ethyl Bromide. 


Twelve grams of ethyl bromide were heated together with 2 grams 
of magnesium in a sealed tube for eight hours at 260°. The gaseous 
products consisted of 56 per cent. of hydrogen, 12 per cent. of olefines, 
T per cent. of acetylenes, and 24 per cent. of butane. The white 
compound left in the tube, on treatment with water, gave an 
inflammable gas, consisting of 90 per cent. of hydrogen, 6 per cent. of 
thane, 25 per cent. of acetylenes, and | per cent. of olefines. 


Interaction of Magnesium and isoAmyl Bromide. 


Ten grams of isoamyl bromide and 1:6 grams of magnesium were 
heated together in a small, hard glass flask until the reaction 
commenced, that is, for about three minutes. The reaction was not 
“y violent, but nevertheless it completed itself without further 
testing. The product was a light, bulky, white powder, together with 
twoil ; the whole was treated with water, when the usual violent reaction 
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set in. The mixture was distilled in a current of steam, and the gj] 
dried and fractionated. It was found to consist of a small quantity 
of isopentane, and a 67 per cent. yield of ditsoamyl, boiling at 150°, 


Interaction of Magnesium and Methyl Bromoacetate. I 
Twenty-one grams of methyl bromoacetate were heated with 3 ins , 
grams of magnesium in a hard glass flask for about a minute, when an nines 
extremely violent reaction took place. After the products had cooled, es 
water was added, and, again, a violent reaction took place. The whole The | 
was now distilled in a current of steam, and the distillate was action ; 
separated, dried, and fractionated. Forty-one per cent. of the bromo- atives h 
acetate was regained unchanged, and two other fractions were also alumini 
obtained. The first, boiling at 57—63°, was methyl acetate, and con heated 
stituted a 34 per cent. yield on the bromoacetate which had reacted, saa 
and the second, boiling at 190—200°, was dimethyl succinate, the Alum 
yield being 48 per cent. This compound, which on redistillation derivati 
boiled at 197°, was hydrolysed by boiling with potassium hydroxide, @ °™P™ 
and the potassium salt was converted into the barium salt by treat- jm 0 beer 
ment with barium hydroxide solution. The barium salt was analysed to concl 
by converting it into barium sulphate : The a 
02084 gave 0°1943 BaSO,. Ba=54°86. 
C,H,0,Ba requires Ba = 54:2 per cent. 
These 
Interaction of Magnesium and Chlorobenzene. hydrocar 
Ten grams of chlorobenzene were heated in a sealed tube with 25 
grams of magnesium for six hours at 270°. On opening the tube, there 
was no evolution of gas, but, mixed with a somewhat charred mass The in 
having a strong odour of benzene, were white crystals. The whole, differs fr 
on treatment with water, became very hot, and benzene was liberated 93, 68), 
in fairly large quantities, the average yield being 60 per cent. We HH ommenc 
are propcesing to pursue this reaction further. violence. 
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(CLXXXI1.—The Interaction of Metals of the Aluminium 
Group and Organic Halogen Derivatives. 


By JAMES FREDERICK SPENCER and Marion L. WALLACE, 


Tae ease with which magnesium reacts with organic halogen 
derivatives suggested that other metals might also react with these 
compounds. 

The present paper describes a series of experiments in which the 
action of aluminium, indium, and thallium on organic halogen deriv- 
atives has been studied. Cahours has shown (Jahresb., 1873, 522) that 
aluminium combines with methyl iodide and ethyl iodide when 
heated to 100—130°, with the formation, presumably, of the re- 
spective aluminium alkyl iodides, 

Aluminium in a finely-divided condition reacts readily with halogen 
derivatives of the hydrocarbons, and, although intermediate additive 
compounds, similar to those obtained in the case of magnesium, have 
not been obtained, yet the action of water on the products allows us 
to conclude that such compounds are present. 

The action can be indicated as taking place as follows : 


x R 
941 + 3RX = AIZCR + AIZX. 
\R Xx 


These compounds then react with water, and yield the parent 
hydrocarbon, thus : 


The interaction between aluminium and organic halogen derivatives 
lifers from the corresponding reaction with magnesium (Trans., 1908, 
93, 68), inasmuch as it often requires prolonged heating before it 
commences, and then in some cases proceeds with almost explosive 
Violence. In several experiments, for example, that in which aluminium 
and a-bromonaphthalene were heated together, there was no evolution 
of heat when water was added to the product ; the reason for this is 
probably that, the reaction being so slow, there is sufficient time for 
the atmospheric moisture to decompose the intermediate compound as 
quickly as it is formed, as is known to be the case with magnesium 
ilkyl halides when they are allowed to stand for a short time in the 
ar. This would also explain the large yields of the less volatile 
hydrocarbons, for example, naphthalene from bromonaphthalene, and 
the small yield of the volatile hydrocarbons, for example, benzene 
from iodobenzene. On the above hypothesis, an intermediate com- 
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pound would be formed in both cases, which would be decomposed as 
quickly as formed, giving naphthalene and benzene respectively ; the 
naphthalene being relatively non-volatile would remain, but the 
benzene, being so very volatile, would disappear in the course of 
twenty-hours’ heating. The chloro-derivatives, with the exception of 
the chloroanilines, only react when heated in a sealed tube; the 
aliphatic derivatives lower in the series than the butyl derivatives 
also react only when heated in a sealed tube, but those higher in the 
series than the butyl derivatives react when they are heated together 
with aluminium in an open flask. This is similar to their action with 
magnesium (compare the preceding paper, p. 1821). 
Aluminium does not seem to favour the formation of compounds 
containing twice as many carbon atoms as there were present in the 
original halogen compounds, as is the case with magnesium (oc. cit.), 
2A1+6RX = 2Al1X,+3R°R. 

Only in the case of the substituted anilines could any indication of 
this reaction be obtained, and here small quantities of benzidine were 
obtained. 
Both indium and thallium were found to react slowly with a-bromo- 
naphthalene and iodobenzene, giving the corresponding hydrocarbons, 
naphthalene and benzene respectively. The marked slowness of the 
reaction in the case of these two metals can be attributed to the coarse 
state of subdivision of the metals. In neither case was the addition 
of water accompanied by the evolution of heat, but the presence of 
hydrocarbons in the product allows us to assume that the reaction 
takes place along the same lines as in the case of aluminium : 
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the intermediate compounds then being decomposed by the atmospheric 
moisture. | 
Thallium gave indications of a second reaction taking place : 
2T1 + 2RX = 2T1X + R-R, 
for with iodobenzene a small yield of dipheny] was obtained. 
Preliminary experiments were made on the action of lithium and 
other metals on organic halogen derivatives, and it is our intention to 
continue these experiments. It may be noted, however, that lithium 
gives a 40 per cent. yield of naphthalene by its action on a-bromo- 
naphthalene. None of the metals mentioned in this paper could be 
made to react with organic halogen derivatives in ethereal solution, 
as is the case with magnesium. 
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EXPERIMENTAL, 
Interaction of Aluminium and Methyl Iodide. 


Five grams of methyl iodide and one gram of finely-powdered 
aluminium were heated together in a sealed tube at 260° for six 
hours, The tube, after cooling, was placed in liquid air, and then 
opened ; it was then removed from the liquid air and connected with 
a gasholder, and allowed to attain the atmospheric temperature. A 
large quantity of an inflammable gas was evolved, which was found to 
consist of 48 per cent. of hydrogen and 52 per cent. of ethane. The 
slid product left in the tube, consisting of a white, crystalline com- 
pound and unchanged aluminium, was treated with water, when it 
evolved an inflammable gas. This consisted of about 82 per cent. of 
hydrogen, and 16 per cent. of methane, together with small 
quantities of ethylene and acetylene. 


Interaction of Aluminium and isoAmyl Todide.* 


Five grams of isoamyl iodide and 0°7 gram of powdered aluminium 
vere mixed in a small, hard glass flask, fitted with a condenser, and 
gently heated for about one minute, when a violent reaction took 
lace, hydrogen iodide being liberated. When cold, the contents of 
the flask were treated with water; a reaction took place with the 
evolution of heat, and the formation of an inflammable gas and a 
small quantity of an oil. The oil was isopentane, b. p. 30°, and the 
gus consisted of 32 per cent. of isopentane, 66 per cent. of hydrogen, 
aud 2 per cent. of olefines. 


Interaction of Aluminium and isoAmyl Bromide. 


Five grams of isoamyl bromide and 0°8 gram of aluminium were 
nixed in a small flask, fitted with a condenser, and gently heated ; 
ter about twenty minutes a violent reaction took place with the 
wolution of hydrogen bromide. On cooling, a brown, solid mass 
tewained, which, on treatment with water, reacted violently, liberating 
‘small quantity of liquid isopentane and about 300 c.c. of an inflam- 
mble gas, This gas consisted of 59 per cent. of hydrogen, 38 per 
‘ent. of isopentane vapour, and about 2 per cent. of ursaturated 


hydrocarbons, 


* The isoamy] halides used in these experiments were obtained from Kahlbaum, 
and vere probably mixtures of several compounds ; the results therefore apply to 
wch mixtures aud not to pure isoamyl derivatives,—J. F. 8. 
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AL 
Interaction of Aluminium and isoAmyl Chloride. 

Five grams of isoamyl chloride and 1:2 grams of powdered alumi. Fi 
nium were heated for six hours in a sealed tube at 270°. When the den 
tube had cooled, it was immersed in liquid air and opened, the gas ante 
being collected. The gas, on analysis, was found to consist of butane, ta 
hydrogen, and methane. The solid left was a white mass, which vm 
became very hot on treatment with water, and evolved a gas con. 49 pe 
sisting of 96 per cent. of hydrogen, 2 per cent. of ¢sopentane vapour, ” 
and small quantities of olefines and acetylenes. There was also a 
small amount of liquid isopentane. 

Ten 
; a , alumit 
Interaction of Aluminium and sec.-Octyl Iodide. “anti 

Five grams of sec.-octyl iodide and 05 gram of aluminium were gently about . 
heated in a small, hard-glass flask, fitted with a reflux condenser, took p 
The reaction commenced after two to three minutes’ heating, and curren 
rapidly became very violent, hydrogen iodide and iodine being HM togeth 
liberated. The product did not solidify on cooling, probably because 
the intermediate compound was soluble in the excess of octyl iodide, 

On treatment with water, heat was evolved, and the product, on 
distillation in a current of steam, yielded 54 per cent. of the theoretical Ten 
quantity of octane. alumini 
minute: 
no furtl 
Interaction of Aluminium and TIodobenzene. product 

This reaction was first tried by the ordinary Grignard method. Ten gj %*urrec 
grams of iodobenzene and 1°3 grams of finely-powdered aluminium tllate y 
were placed in a flask containing 50 c.c. of absolute ether; the whole sual] qi 
was heated to the boiling point of the ether for two hours without any 
reaction occurring. 

Ten grams of iodobenzene and 2°6 grams of finely-divided aluminium 
were then gently heated in a small, hard glass flask, fitted with a con- This 
denser. After about forty-five minutes, white fumes, consisting powder 
chiefly of hydrogen iodide, were evolved, and there was also an odour fulte " 
of benzene, due, no doubt, to the action of atmospheric moisture oa ye 
the intermediate compound. The reaction took place slowly, and was aoe 
never violent. After heating for about five hours, the mass was dark ep 


brown in colour, and solidified on cooling. The solid was carefully 
treated with water, when it became very hot and benzene was 
liberated. The whole was then distilled in a current of steam, and 
the distillate consisted of small quantities of diphenyl and a 25 per Were evo 
cent. yield of benzene. : 
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Interaction of Aluminium and Chlorobenzene. 


Five grams of chlorobenzene and 1°3 grams of finely-powdered 
aluminium were heated for nine hours in a sealed tube at 270°. The 
contents of the tube, which were always charred, yet, nevertheless, 
contained a white, crystalline substance, were treated with water, 
when much heat was evolved. On distillation in a current of steam, 
39 per cent. of the theoretical yield of benzene was obtained. 


Interaction of Aluminium and p-Chloroaniline. 


Ten grams of p-chloroaniline and 2°0 grams of finely-divided 
sluminium were heated together in a hard glass flask, fitted with a con- 
denser. The reaction proceeded very quietly, and was complete in 
about four hours. When cold, water was added, and a violent reaction 
took place with evolution of heat. The whole was then distilled in a 
current of steam, and 36 per cent. of the theoretical quantity of aniline, 
together with a small amount of benzidine, was obtained. 


Interaction of Aluminium and p-Bromoaniline. 


Ten grams of p-bromoaniline and 0°8 gram of finely-divided 
aluminium were heated gently in a hard glass flask. After about five 
ninutes the reaction commenced, and hydrogen bromide was liberated ; 
wo further heating was necessary to complete the reaction. When the 
products were cold, water was added, when a slight’evolution of heat 
ocurred. After distilling the products in a current of steam, the dis- 
= tillate yielded 71 per cent. of the theoretical quantity of aniline and a 
ole suall quantity of benzidine. 


Interaction of Aluminium and a-Bromonaphthalene. 


This reaction only takes place successfully when the finest aluminium 
powder is employed ; if the somewhat coarser powder, which reacts 


Dg ; : : fag 

am quite well in other cases, is used, the action is slow and only 
superficial, 

-_ Ten grams of a-bromonaphthalene were mixed in a hard glass flask 


al vith 14 grams of the finest aluminium powder, and heated for about 
ily ‘wo to three hours on a sand-bath ; for a considerable time the only 
me tinge observable was a darkening of the a-bromonaphthalene, but 
“a wuidenly, after the mixture had been heated for about two and a-half 
»4 violent reaction set in, hydrogen bromide and naphthalene 
"we evolved and expelled from the top of the condenser, and a general 
tharring of the mixture occurred. The mass was cooled, and then 


6 F 2 
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treated with water ; there was no evolution of heat, and apparently 
on reaction took place. The whole was then distilled in a current of 
steam, and a yield of naphthalene, about 55 per cent. of the theoretical, 
was obtained. ‘There can be no doubt that a large quantity of the 
naphthalene was lost both by volatilisation and charring. Al] 
attempts to modify the violence of the reaction were without 
result. 

Attempts were made to ascertain if a-bromonaphthalene and 
aluminium would react in the presence of ether, but these also led to 
a negative result. 


Interaction of Indium and a-Bromonaphthalene. 


Five grams of a-bromonaphthalene and 1°4 grams of indium, cut 
into small pieces, were placed in a silica flask, fitted with an air. 
condenser, and heated. ‘The reaction took place very slowly, and was 
noticeable at first only by the darkening of the liquid. After heating 
for about six hours, white crystals appeared in the condenser. The 


mixture was heated in all for about thirty hours, and then water was e 
added, no heat being evolved. The whole was distilled in a current of 
steam, when a 45 per cent. yield of naphthalene was obtained. 
Interaction of Indium and Iodobenzene. . 
Five grams of iodobenzene and 2°5 grams of indium were heated for CLX 
fifteen hours in a sealed tube at 250°. On opening the tube, quantities 
of hydrogen iodide were evolved. The solid residue, which was dark 
brown in colour and contained white crystals, was treated with water, 
when no heat was evolved, but, on distillation in a current of steam, a Mircs 
yield of about 30 per cent. of benzene was obtained. sulphic 
suitabl 
Interaction of Thallium and a-Bromonaphthalene. this pt 
9-8 Grams of thallium, in small pieces, were placed in a flask con- am ve 
taining 10 grams of a-bromonaphthalene. This was then heated at the ae 
boiling point for twenty-four hours, when a slow reaction occurred, as an 
was evidenced by the formation of a brown deposit on the flask anda 
white sublimate in the condenser. ’ a8 
When the products had cooled, it was noticed that the thallium was "ing , 
coated with a yellow deposit resembling thallous bromide. The tak ta 
addition of water produced no evolution of heat, but, on distilling in a : aa 
current of steam, a yield of 17 per cent. of naphthalene, together with 7, be 
a large amount of unchanged a-bromonaphthalene, was obtained. ne 
After the naphthalene had been distilled over, there remained in the to sal 


flask a brown, organic substance containing thallium, but we have been 


THE INTERACTION OF HYDROGEN DIOXIDE AND SULPHIDES. 1833 


unable to investigate this substance, since it decomposes on heating, 
and is insoluble in all the ordinary solvents. Attempts to bring about 
, reaction between thallium and a-bromonaphthalene in ethereal 
solution were unsuccessful. 


Interaction of Thalliwm and Iodobenzene. 


Five grams of iodobenzene and 5 grams of thallium were heated in 
a small flask for about twenty hours. ‘The thallium was coated with a 
red deposit after the heating had been in progress about one and a-half 
hours, and this red deposit increased as the heating was continued, 
until finally the thallium had increased in bulk to about three times its 
original volume. There was no action on the addition of water, but, 
on distillation in a current of steam, a small yield of diphenyl was 
obtained. The red compound was thallous iodide, formed probably by 
the action of the atmospheric moisture on the intermediate compound 
first produced. Although benzene was not obtained finally, there is no 
doubt that it was formed and volatilised. 
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CLXXXII—The Interaction of Hydrogen Dioxide and 
Sulphides. 
By Maup Gazpak and SAMUEL SMILEs. 


Mincker, in 1865 (Annalen, 1865, 136, 89), first showed that 
sulphides may be converted into sulphoxides by nitric acid of a 
suitable strength, and the process has since been generally applied for 
this purpose. The yields obtained by the method, however, are often 
uot very good ; the aliphatic sulphides are partly destroyed, and the 
aromatic, in some cases, may be nitrated. One of the present authors, 
desiring to obtain thionyldiglycollic acid, made several attempts to 
prepare it from thiodiglycollic acid in the usual manner, but in every 
experiment it was found that the reagent either was too energetic and 
completely shattered the molecule of the acid, or, owing to too great dilu- 
ton, it did not react. The following experiments were therefore under- 
taken with the view of finding a milder oxidising agent which could be 
applied to sensitive sulphides, such as the previously-mentioned acid. 
We have found hydrogen dioxide to be very suitable for this purpose ; 
in acetone or aqueous solution at the ordinary temperature, it converts 
the sulphide into the sulphoxide almost quantitatively. As may be seen 
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from the experiments subsequently described, the reagent is successfy] 
with simple sulphides of all the chief types, and it may be especially 
recommended for preparing sulphoxides, which are destroyed or altered 
by the excess of nitric acid employed in the older method. As examples 
of the utility of the reagent under these circumstances, the prepara- 
tion of thionyldiglycollic acid and 4 : 4’-diaminodipheny] sulphoxide 


may be quoted. a 
These experiments were completed some months ago, and the | 
results are now published, since quite recently Hinsberg has dealt a 
(Ber., 1908, 41, 2836) with the action of hydrogen dioxide on organic ee ‘ 
sulphur derivatives, but more particularly with the aromatic disulphides, - 
Hinsberg observes that the sulphoxides are not converted into the - 

sulphones by excess of hydrogen peroxide at the ordinary tempera- 
ture ; we have also studied this question, and concur fully in this The 
conclusion with regard to the substances here dealt with. a 
iodide 

DiisoAmyl Sulphowide, (C;H,,),S0. 

Five grams of ditsoamyl sulphide were mixed in acetone solution Ph 
with a slight excess of concentrated (30 per cent.) aqueous hydrogen ons 
peroxide. The solution was set aside at the ordinary temperature for al 
twenty-four hours, and then the acetone was evaporated and the re 
residue recrystallised from light petroleum. The yield of the purified salpha 
product, which melted at 35°, was 3 grams : 

0°1063 gave 0°2450 CO, and 0:1109 H,O. C=62:°8; H=11°6. 

C,,H,,O8 requires C= 63:16 ; H=11°58 per cent. 

Saytzeff (Annalen, 1866, 139, 354) described this sulphoxide as 4:4 
melting at 37—38°, and, since the sulphone melts at 31°, we prepared a with « 
fresh specimen of amyl sulphoxide by the nitric acid method. The theore 
product melted at 35°, and a mixture of sulphoxides from the two rire 
sources melted at the same temperature. ps 

Thionyldiglycollic Acid, SO(CH,°CO,H),. 

A solution of thiodiglycollic acid in excess of aqueous hydrogen 
peroxide was set aside for forty-eight hours at the ordinary tempera- Diar 
ture. The excess of water was then evaporated, and the residue, which ie 
was at first a syrup, became solid on being kept under diminished dioxide 
pressure over sulphuric acid. The product, which melted at 79—80°, evapor, 
was evidently pure : when 

0°1618 gave 0-1728 CO, and 0:0589 H,O, C=29:1; H=4°0. pressun 

C,H,0,8 requires C = 28-92 ; H =3°61 per cent. charcog 

The barium salt was prepared by the action of barium carbonate on sulphos 

the aqueous solution of the acid. It is sparingly soluble in water, and decomp 
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parates from the hot medium in minute crystals containing two 
molecules of the solvent to one of the salt : 
02604, heated to 130°, lost 0°0276 H,O. H,O=10°6. 
02180 ” » », 0°0228 H,O. H,O=10°46. 
02869 gave 01989 BaSO,. Ba=40°6. 

(,H,0,SBa,2H,0 requires H,O= 10°68 ; Ba= 40°54 per cent. 
The lead salt was obtained as a white, curdy precipitate on mixing 
aqueous solutions of the acid and lead acetate ; it is insoluble in boiling 
water, but is slightly decomposed thereby. The air-dried substance 
was analysed : 
0:2315 gave 0°189 PbSO,. Pb=55'8. 

C,H,0,SPb requires Pb =55°8 per cent. 

The gelatinous silver salt is insoluble in water, and, when dried, 
forms a yellow, horny mass. It is scarcely acted on by boiling methyl 
iodide. 
Dibenzyl Sulphowide, (C,H,*CH,),SO. 
This was prepared by oxidation of dibenzyl sulphide in acetone 
slution with the calculated quantity of hydrogen peroxide. The yield 
was quantitative, and the recrystallised product melted at 134°, 
whethar alone or mixed with a sample of the sulphoxide prepared in 
another manner, Excess of the oxidising agent also gave the 
sulphoxide. 


4:4'-Diethorydiphenyl Sulphoxide, (C,H,*O-C,H,),SO0. 


4:4'-Diethoxydiphenyl sulphide was oxidised in acetone solution 
with excess of aqueous hydrogen dioxide. The yield was almost 
theoretical, and the product melted at 116° and gave the characteristic 
Prussian-blue colour with concentrated sulphuric acid, which was 
discharged by addition of phenetole : 

01682 gave 0°1395 BaSO,. S=11°4. 

C,,H,,038 requires S = 11°03 per cent. 


4: 4'-Diaminodiphenyl Sulphoxide, (C,H,-NH,),SO. 


Diaminodiphenyl sulphide was treated in acetone solution at 
the ordinary temperature with the calculated quantity of hydrogen 
dioxide. After twenty-four hours had elapsed, the acetone was 
evaporated, and the residue, which was at first a syrup, crystallised 
when set aside for some hours in a desiccator under diminished 
pressure. The slightly coloured product was purified with animal 
charcoal in alcoholic or acid aqueous solution. 4: 4'-Diaminodiphenyl 
tulphowide was thus obtained in colourless prisms, which melted with 
tecomposition at 175°. The substance gives with concentrated 
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sulphuric acid a deep bluish-green colour, which is discharged by 
phenetole : 
00908 gave 0°2049 CO, and 0:0395 H,O. C=61:5; H=4:8, 
C,,.H,,ON,S requires C=62°0 ; H=5:l per cent. 
Tetramethyldiaminodiphenyl sulphide was treated in the same 
manner, and a substance melting at 135° was obtained, but this was 
not further investigated, since, not giving the -characteristic reaction 


with sulphuric acid, it did not appear to be a sulphoxide, It may be Th 

mentioned that diphenylene disulphide and tetranitrodiphenyl plan 

disulphide are not attacked by hydrogen dioxide under the conditions tem 

described in this paper. rotat 
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CLXXXIII.—The Influence of Solvents on the Rotation gy cent 

Optically Active Compounds. Part XIIL* Ethyl Iv 

Tartrate in Aromatic Nitro-derivatives. Influence tse 

of Temperature-change on Rotation in Solution. eee 

By Tuomas Stewart Patterson. TI 

In former parts of this investigation, it has been shown that the benz 
specific rotation of ethyl tartrate may vary to a very considerable 
extent according to the nature of an inactive substance in which it 

may be dissolved. Water, it was found, at 20°C.t and infinite dilution, B 

raised the rotation to +26°8° (Trans., 1904, 85, 1130), whilst sai 

chloroform depressed it to -—3-0° (Trans.,£1905, 87, 313; 1908, Th 

93, 357). Later on, Winther observed that in formamide the rota- that 
tion attains to a somewhat higher value than in water, namely, 
+ 30°4° (Zeitsch. physikal. Chem., 1907, 60, 578), whilst ethylene 
bromide produces a lower rotation (-—19°) than chloroform (ibid., 

p- 578). Finally, in the previous part of this series of papers it was At 

shown that acetylene tetrabromide has a still more powerful depressing great 

effect than ethylene bromide, reducing the rotation of the active ester very 

to — 20° (Trans., 1908, 93, 360). Thus the range through which the In 
rotation may vary, from +30°4° to -20°, is great, at least when 
* For Part XII, see Trans., 1908, 93, 936. All experimental details, meaning of 

terms, &c., are as previously given. 
+ Degrees of temperature are indicated in this manner throughout this paper to tt 
avoid confusion with degrees of rotation, prev 
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compared with the rotation at 20°C, (+7°85) of the ester itself. In 
the following pages, however, it will be shown that both the upper 
and lower value may be very considerably exceeded. On this account, 
and also because of the modifications of rotation caused by change of 
temperature, the present communication may perhaps claim to be of 
some interest, not only in regard to the problems of optical rotation, 
but to the more general question of solution as well. 

The influence of a solvent is, until we find reason for a more suitable 
plan, best ascertained by comparison of rotation values for one definite 
temperature. Therefore, from the curves obtained by examining the 
rotation of a number of solutions at various temperatures, values at 
20°C. have been obtained by interpolation or extrapolation, as the case 
may be. Complete and trustworthy concentration curves, however, can 
only be drawn for such solvents as are either liquid, or else have a com- 
paratively low melting point, and of the solvents dealt with here only four 
conform to these conditions. The curves obtained for the rotation of 
ethyl tartrate in these four solvents are shown in Fig. 1, which gives a 
general idea of the influence of this class'of solvents, and illustrates in 
particular the manner in which solvent influence varies with con- 
centration. 

\, will be observed that all four solvents have powerful and similar 
effects. In each case the rotation of the dissolved ester is markedly 
raised, and, as the dilution becomes greater, the rotation increases at a 
gradually increasing rate. 

The specific rotation of pure ethyl tartrate is +7°85°. In nitro- 
benzene solutions, the interpolated values at 20°C. are as follows: 


a 50°02 19°94 10°0 5 2-002 
[aj cs... 17:0° 26°1° 31°6° 349° 38°4° 


By extrapolation, the specific rotation at infinite dilution would be 
+41°. 

The general behaviour of o-nitrotoluene is very much the same as 
that of nitrobenzene, the data being : 


DP ssetpentesisinedes 50°21 25°01 10°002 5°002 
| errr 17°8° 25°0° 32°3° 36°5° 


At each dilution examined, the rotation is approximately one degree 
greater than in nitrobenzene, so that the value at infinite dilution is 
very nearly + 42°, 

In m-nitrotoluene, the data are: 


The effect in this case is very considerably less than in the twa 
previous solvents, At infinite dilution, the rotation is +34°, 


1838 PATTERSON: THE INFLUENCE OF SOLVENTS ON THE ROTA 


In a-nitronaphthalene, the greatest solvent influence of all is found, 


the data being : exam 
ines 
Micali nbadnioni 49°56 25°14 10°214 - 
*<_ 25°0° 35°9° 47°9° iat 
the V 
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Relationship of specific rotation and concentration. 
Ethyl tartrate in various solvents. 
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The increase of rotation in dilute solution on further addition of 
solvent becomes very rapid indeed, so that at infinite dilution the 
rotation of the dissolved ethyl tartrate would be about + 69°, or 
more than twice as great as in formamide. 
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As has already been mentioned, the data for the other solvents 
examined are not so complete. These substances being solids, some- 
times of fairly high melting point, they were naturally more difficult 
to work with, and fewer solutions were examined, Since estimates of 
the value of the specific rotation at infinite dilution in these solvents 
can scarcely be made, it will be necessary to compare data for some- 
what concentrated solutions, about p=25 in most cases, and it must 
be remembered that even then the numbers used are obtained by 
extrapolation. A p=25 solution in s-trinitrobenzene, for instance 
solidifies at about 100°C., so that the specific rotation quoted below for 
90°C. can obviously only be an approximation. In such cases, the 
rotation observations can be made easily enough, but the density 
determinations present greater difficulty, and in some instances were 
omitted altogether. Between two observations, the solvent crystallises 
out, and the re-melting of it is attended by the disadvantage that some 
of the ethyl tartrate, which along with a portion of the solvent 
remains liquid, is apt to be expelled from the tube in greater 
proportion than the solvent. The concentration of the solution may 
thus become altered, and make the density determinations untrust- 
worthy. 

Specific rotations cannot therefore be calculated for every solution 
examined, so, in order to obtain numbers directly comparable for all the 
solvents, the observations have been reduced to a common standard by 
means of the usual specific rotation formula, but omitting the 
density. 

For convenience of reference, we may assign to this expression the 
letter R. 


Thus: —_—_ a‘, x 100 


The Relationship between Constitution and Solvent Effect. 


Only the narrower aspect of this problem can meantime be discussed, 
and the material will be found in the table on p. 1840. 

From these data, some generalisations can be made. In the first place, 
it may be noted that o-nitrotoluene causes a slightly greater rise in 
the rotation of ethyl tartrate than does nitrobenzene. The difference, 
however, in the values of R%” for »=25 solutions is very slight— 
ouly 02°, The methyl group in the ortho-position, then, enhances, 
but ouly by a small amount, the effect of the nitro-group. The 
introduction of the methyl group in the meta-position is accompanied 
by 8 considerable change—a depression in this case—the rotation in 
wuitrotoluene (Ri’ == 21-2°) being, roughly, 9° lower than in nitro- 
venzene. The change in position of the methyl group from the meta- 
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TABLE I. 


Rotation of Ethyl Tartrate. 


4? 
[a] os 
la ~ D° 
Solvent. p=9. p=25. p=25. 
Witrobenzeme .......0-cccccsevece +41° +24°2° + 29°]° 
ae 42 25°0 29°3 
m-Nitrotoluene .. ............... 34 18°2 21°2 
p-Nitrotoluene .............0005 28* 17°2 20°1 
o-Dinitrobenzene.................- — 36°0* 46°0 
m-Dinitrobenzene t .........6+ — 18°0 25°8 
2:6-Dinitrotoluene ............ — 23°8 31°5 
2:4-Dinitrotoluene ............ — 117 15°5 
s-Trinitrobenzene ............... — 30* — 22°0* — 30°0 
a-Nitronaphthalene t............ +65 +35°9 +44°5 


* These numbers must be regarded as rough approximations only. 

t It was intended also to examine p-dinitrobenzene and 8-nitronaphthalene, but 
these substances are so dark in colour that experiments similar to those the results 
of which are recorded in the table could not be carried out. 

It was found possible to compare the influence of 8-nitronaphthalene with that of 
a-nitronaphthalene (see p. 1842), but the rotation of a solution containing only 
3°63 per cent. of p-dinitrobenzene could not be determined with a sufficient degree 
of accuracy in a 40 mm. tube. 


to the para-position, on the other hand, produces a much less effect ; 
the rotation of ethyl tartrate in p-nitrotoluene (Rj =20°1°) shows a 
further diminution of just over a degree. 

These examples appear to show that the relative positions of the 
substituent groups play an important part in determining the rotation 
of the dissolved ester. The only data from previous work which can 
be cited in comparison are those relative to o-, m-, and p-xylene 
(Trans., 1902, 81, 1107), which are as follows : 


Ethy] tartrate in Benzene. Toluene. o-Xylene. m-Xylene. p-Xylene. 
[a]?” (infinite solution) +6°1° 4°6° 2°7° 1°8° 07 


The enormous effect of the introduction of the nitro-group into 
benzene is most striking, the rotation of the dissolved ethyl tartrate 
being raised from [a]? (inf. dil.) =6°1° in benzene to [a]p’ (inf. dil.) 
= 41° in nitrobenzene. The introduction of the nitro-group in the th 
possible positions in toluene also brings about a great increase fi 
rotation with the gradation which has just been described ; in the 
ortho-position the two groups assist one another, in the meta-posi 


they detract from each other’s influence, and still more so in the 
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psition. It will be seen that in o0-, m-, and p-xylene the phenomena 
are at least of an analogous character. One methyl group introduced 
into benzene exercises a depressing influence ; two methyl-groups, even 
in the ortho-position, have a greater depressive effect, which becomes 
till more marked for m- and p-xylene. In both series, the rotation of 
the active ester is greatest when the two substituting groups are in the 
ortho-position, and least when they are in the para-position. 

The first of the dinitro-derivatives to be examined was m-dinitro- 
benzene. Since one nitro-group has so great an influence, it might 
have been expected that a second such group anywhere in the 
molecule would augment the solvent effect to a still greater degree. 
Just the opposite is the case, however. In m-dinitrobenzene, the 
value Ri” = 25°8° is considerably less than for nitrobenzene (29°1°), so 
that the elevating tendency of the groups is largely overcome by a 
secondaryscause, namely, their influence on one another, due in turn to 
their relative position in the molecule. 

The inference which could be drawn from the behaviour of the 
nitrotoluenes as to the mutual influence of two substituting groups 
lee to the expectation that o-dinitrobenzene would have at least a 
greater effect than m-dinitrobenzene. This was found to be very 
markedly the case ; in o-dinitrobenzene the value Rj’ = + 46° is much 
greater even than in nitrobenzene. Thus the influence of one sub- 
stituting nitro-group on another is like the effect of a methyl group 
ona nitro-group, but very much more pronounced ; 0-dinitrobenzene 
(Ri’=46°) causes a much higher rotation than  o0-nitrotoluene 
(Ri) =29°3°) ; m-dinitrobenzene (Rj) = 258°) causes a higher rotation 
than m-nitrotoluene (21°2°). 

The two dinitrotoluenes examined display just the same regularities. 
Both these compounds are substituted m-dinitrobenzenes. In 2:6- 
dinitrotoluene, the methyl group is in the ortho-position with 
respect to both nitro-groups, and might be expected to enhance their 
influence—perhaps by about twice as much as is the case in o-nitro- 
toluene, The increase is somewhat greater than this, the rotation in 
2:6-dinitrotoluene (Rf =31°5°) exceeding that in m-dinitrobenzene 
(Ri =25°8°) by about five degrees. 

In 2:4-dinitrotoluene, the methyl group is ortho with respect to 
one nitro-group and para with respect to the other. By comparing 
e-nitrotoluene and p-nitrotoluene respectively with nitrobenzene, the 
former might be expected to raise the rotation slightly, about 0°2°, 
and the latter to diminish it by about 9°. The total change should 
therefore be a diminution of about 9°. The data are 2: 4-dinitro- 
toluene, Ri” = 15-5°, m-dinitrobenzene, Rj’ = 25°8°, so that the lowering 
of rotation due to the methyl group is 10°3°. 
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Whilst an agreement so close as this is probably a coincidence, it 
appears, nevertheless, that in a qualitative sense the variation of 


solvent influence with change of relative position of the substituent It w 
groups can be traced with some success. a muc! 
After the experience gained with the foregoing solvents, it was to has & 
be expected that s-trinitrobenzene (m. p. 123°) would cause a lower napht! 
rotation than m-dinitrobenzene, but the actual behaviour could deriva 
scarcely have been foreseen. Not only is the rotation of the dis. 
solved ethy! tartrate lower than in m-dinitrobenzene, or for the homo- 
geneous ester, but it is lowered to such an extent that it has a 
considerable negative value. The concentration-rotation curve has 
therefore an appearance quite of the opposite character to those of , 
Fig. 1. The rotation of the ester diminishes rapidly as s-trinitro- Na nth 
benzene is added, so that, at 20°C., inactivity would be reached even on 
in a solution so concentrated, with reference to ethyl Sena, as p= a-Nitro; 
At p=50, the rotation would be approximately Rj = - 15°; “Tr 
p=25, about — 30°, and at infinite dilution, about "at: 5°, - The 
density of trinitrobenzene in the liquid form at 20°C. would be about naphtl 
1°606*, whence the specific rotation at infinite dilution would be benzon 
approximately [a }j) = — 30°, a value considerably below that hitherto 
recorded for ethyl tartrate in any other solvent.t 
It has been pointed out already that a-nitronaphthalene has a very 
powerful influence on the rotation of ethyl tartrate, the specific Wh 
rotation at infinite dilution reaching the value +65°.t By the use effect 
therefore of a-nitronaphthalene, on the one hand, and s-trinitrobenzene, of eth 
on the other, the rotation of the ethyl tartrate may be varied at will Mons 
almost through 100°, which must be regarded as a very considerable knowle 
change indeed. wale 
The relative influences of a- and f-nitronaphthalene were deter- of ita 
mined by comparison of the rotations, determined in a short tube, of But, k 
solutions containing a large proportion of ethy] tartrate. Work a 
For enitronaphthalene (p=93-94), the data were ay (40 mm) ture-ch 
= +4°68°, whence Rj” = +12°46°, whereas for B-nitronaphthalene of the 
(p =92°72), a” (40 mm.) = +4:09°, whence R2’= +11-02° temper 
Thus, even in solutions so dilute with reference to the inactive in whi 
component as these, a-nitronaphthalene causes a value for Ry wed 
an ; 


practically 1°5° greater than does the B-isomeride. It need scarcely be 
pointed out that this is entirely in harmony with the other regu 
At 


Figu 
of tem 
former 
hitrobe 


* This value was estimated from two determinations made for the purpose. 
187°C., d 20/4=1°4863, and at 170°C., d 20/4=1°4523. 

+ The behaviour of s-trinitrobenzene is thus in agreement with that of mesitylene 
(Trans., 1902, 81, 1099), which latter solvent also causes a negative rotation in dilute 
solutions of ethyl tartrate. 

¢ This high rotation would probably be equalled, or nearly equalled, in o- -dinitro- 
eaten, 


*An 
author | 
100°C, 
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larities discussed, since a-nitronaphthalene may be regarded as an 
ortho- and £-nitronaphthalene as a meta-substitution product. 

It will be seen from the table below that just as nitrobenzene has 
, much greater solvent influence than benzene, so a-nitronaphthalene 
has a much greater influence than naphthalene. Also, that whilst 
naphthalene has a greater influence than benzene, so naphthalene 
derivatives have greater influences than benzene derivatives. 


TaBieE II. 
Rotation of Ethyl Tartrate. 
[ali | [ay 
Solvent. (infinite dilution). Solvent. (infinite dilution). A. 
Naphthalene Tdialeabea pies + 32° Benzene ¢ ......... +6'1° 25°9 
a-Bromonaphthalene tf... 26 Bromobenzene t.. 11°7 14°3 
aNitronaphthalene ...... 65 Nitrobenzene ... 41°0 24-0 


*Trans., 1902, 81, 1134. + Trans., 1908, 98, 936. + Trans., 1902, 81, 1097. 


The sequence, however, is not the same in the two series, a-bromo- 
naphthalene causing a lower rotation than naphthalene, whilst bromo- 
benzone brings about a considerably higher rotation than benzene. 


Influence of Temperature-change on Rotation in Solution. 


Whereas no prediction can meanwhile be made as to the probable 
effect of a solvent, of a type not already investigated, on the rotation 
of ethyl tartrate, the influence of temperature-change on such solu- 
tions seems to be more simple in character. With our previous 
knowledge, it would have been impossible to foretell that nitrobenzene 
would have a very elevating influence, or, even knowing the influence 
of nitrobenzene, that s-trinitrobenzene would have a depressing effect. 
But, knowing the rotations in these two solvents at 20°C., former 
work allowed of a prediction to be made as to the effect of tempera- 
ture-change. Since the rotation in nitrobenzene is much above that 
of the homogeneous ester, it was to be expected that, with rise of 
temperature, the rotation would diminish, whilst in s-trinitrobenzene, 
in which the specific rotation is far below that of the undiluted ester, 
rise of temperature should bring about a rapid increase of rotation, 
and this is, indeed, decidedly the case. 

Figures 2 and 3 will help to elucidate the very interesting effects 
of ‘emperature-change on the rotation of these solutions. In the 
former are shown temperature-rotation curves for ethyl tartrate in 
utrobenzene along with the curve for the ester alone.* 


* A number of the solutions dealt with in this paper were examined before the 


en was in possession of an apparatus that allowed of determinations above 
VC, 
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The curve for ethyl tartrate (Fig. 2) has a maximum specific 


This 
rotation (+15°) at 175°C.* The appearance of the curve for a p=5) mite 
solution would lead us to expect a maximum at about 105°C., at 4 tartral 
lower temperature therefore, but having a higher value ({a])” = 19), 1904, | 
than in the pure ester. In a p=20 solution, the maximum lies at very d 
about 30°C., and has the value [a]j) =26:2°. Ina p=10 solution, the and 20 
maximum rotation has a still greater value ({a]) =31°7°), and occurs dilutio 
at a lower temperature, 17°C, At less concentrations, the maximum Liver | 

and th 
Fic. 2. p. 1137 
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value lies below the range of temperature investigated, but, as the sidlien 
specific rotation increases with greater dilution, the diminution is bo 
rotation with rise of temperature becomes, as 1n the p=5 and p= The nex 
solutions, gradually more rapid. toluene, 
* In order to determine this point, ethyl tartrate was re-examined, with the The may 
results recorded on p. 1852. It will be noticed from them that the observed mre the othe 
reaches a distinct maximum of + 15°93° at 148°C., two observations ponies mee tempera’ 
temperatures being lower than this. Since, however, the density —— = p=4955 
rise of temperature, the maximum specific rotation (+15°) occurs at a higher 9=10. j 
rature, 175°C. , ? 
vr Walden (Ber., 1905, 38, 366) gives some data for the rotation of ethy] tartrate @ * This: 
temperatures up to 150° for red, green, blue, and violet light. between Ww 
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This behaviour is of exactly the same character, but perhaps not 
quite so obvious as that of methyl potassium tartrate, ethyl potassium 
tartrate, and -propyl potassium tartrate in aqueous solution (Trans., 
1904, 85, 1121, 1123, 1125). For each of these three substances a 
very distinct maximum is observable at temperatures between 100°C. 
and 20°C. in solutions of concentration below about p=50. As the 
dilution becomes greater, these maxima increase in value, and move toa 
lower temperature, the relationship between the value of the maximum 
and the temperature at which it occurs being apparently linear (Joc. cit., 
p. 1137). The whole temperature range of the maxima is, however, 
comparatively slight, varying, for instance, from 56°C. for a p=46°79 
wlution of ethyl potassium tartrate to 38°U. for a p=5-07 solution. 
For ethyl tartrate in nitrobenzene, the temperature at which this 
maximum rotation occurs varies through very much wider limits, 
passing from 175°C, for p=100 to 17°C. for p= 10. 

In the three alkyl potassium tartrates, the maximum rotations lie 
along a different line for each substance, which, of course, is only to be 
expected. An interesting question at once suggests itself as to the 
variation of the maximum rotation for one and the same active 
substance in different solvents. The maxima must start from one 
pint, the maximum rotation of the pure ester, in all solvents ; will 
they follow the same course or not ? 

For the discussion of this question, it is unnecessary to reproduce 
all the curves for each solvent—they exhibit the same characteristics 
as those for nitrobenzene—but in Fig. 3 are shown temperature- 
rotation curves for ethyl tartrate in different solvents, and at various 
concentrations, which present some interesting features. 

The curve for ethyl tartrate is included as before, the maximum 
specific rotation (+ 15°) lying about 175°C. The next curve above it 
isfor water, p= 75; it extends only to 100°C., but from the shape of 
the curve a maximum would probably occur at a lower temperature 
than in the homogeneous ester. The next curve, for m-dinitrobenzene, 
p=49°611, shows a maximum ([a ];* = 16°2°) at 123°C. The curve for 
e-nitrotoluene, p = 50°21, extends also only to 100°C., but its appear- 
ance indicates a maximum ([{a],,=18°8°) about that temperature. 
The next curve represents both m-nitrotoluene, p= 25°003, and p-nitro- 
toluene, p= 20, the two curves being indistinguishable from each other. 
The maximum ({ a ]p=20°2°) occurs at 85°C. From the appearance of 
the other curves, it is clear that the maximum passes rapidly to lower 
temperatures as the rotation increases. In a-nitronaphthalene, 
p=49'565, it has the value [a],=24°9° at 42°C. ; in nitrobenzene, 
p=10, its value is about [a]p=31°7°, and it lies at 17°. 

* This behaviour is, to some extent, reminiscent of the passage of the equilibrium 


.. 2 . ‘ P » 
‘tween Water and ice to a lower temperature with increase of pressure. 
VOL, XCIILI, 6a 
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Influence of temperature on rotation in solution. 
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At lower temperatures, it is obviously more difficult to determine 
ie positions of the maximum. It seems, however, that the tempera- 
ye at which a maximum rotation of given value occurs does not 
nary much in different solvents.* 

There are also included in Fig. 3 some curves for solvents which 
iave a powerful depressing influence on the rotation of ethyl tartrate, 
wi it will be seen that their appearance for the most part is in 
iarmony with the thesis just developed. When the rotation at 20°C. 
is very low, as in acetylene tetrachloride or s-trinitrobenzene, it 
inreases very rapidly on heating, and, although the point has not 
igen experimentally proved, the maximum rotation in such solvents 
my lie above 175°C. 

Acurve of this character for benzaldoxime has also been included 
in the figure, for the purpose of showing that exceptions have to be 
reckoned with. Although the rotation is much depressed at low 
temperatures, this curve tends to cut that for the homogeneous ester, 
ai is therefore not in agreement with the foregoing statement. 
Such exceptions are, however, so far as can be judged at present, 
quite rare. 

It will be clear, then, that Fig. 3 bears a striking resemblance to 
fig. 2in general appearance ; the curves for these various solvents 
tiken in this indiscriminate manner blend into a diagram remarkably 
iuilar to that for one single solvent at a number of concentrations, 
dit would seem as if we might almost eliminate from consideration 
enature of the inactive solvent and the concentration. The course 


* Winther (Zeitsch. physikal. Chem., 1903, 55, 347) refers to this subject of 
imum rotation in regard to solutions of ethyl tartrate in isobutyl alcohol. By 
sof interpolation formule, he calculates the temperature (7) at which the 
imum rotation would occur for different concentrations, and finds, foriexample, 
ie following numbers. (It should be noticed that the numbers in the third line 
uot the values of the maximum rotation. ) 


80°97 62°56 41°24 21°61 18°82 
Fee 140°C. 140°C. 100°C. 118°C. 141°C. 
(e... 5°78° 5°18° 4°93° 531° 5°42° 


Winther’s conclusion from these and other similar figures is that the temperature 
matimum rotation of ethyl tartrate in ‘sobuty] alcohol does not vary with the 
ucentration, and this is in agreement with the present results. It is only in a very 
ful solvent like nitrobenzene that the maximum is displaced sufficiently for 
fet to be noticeable. Fig. 3 shows that even when rotations are very different 
4C., as, for instance, in nitrobenzene, y=5, and in homogeneous ethyl] tartrate, 
are much closer at 100°C. If they lie close together at 20°C., as is the case in 
Atyl aleohol, there will certainly be very little difference between them at high 
Patures, The above values for 7’ are considerably too low, as is also the 
iy temperature (137°C.) suggested by Winther for pure diethyl tartrate 
Cl, p, 347), 


6 a2 
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of the temperature-rotation curve is apparently defined by the rotation byt 
at any given temperature.* give 
If, as a first approximation, we assume this to be s0, it may be pair 

possible to find an expression by means of which the rotation of ethy| 
Elim: 


tartrate at one temperature, say, 100°C., can be calculated, given that 


at another temperature, say, 20°C., without regard to the solvent or j 
the concentration. , 
It is clear from Figs.i2 and 3 that, in such solvents as have a 
powerful effect in raising the rotation of ethyl tartrate, there must ® 
generally, or always, be some solution for which the rotation has the 7 
same value at 20°C. and at 100°C., that is, one in which the maximum bet 
rotation falls between 20°C. and 100°C. Let this rotation be Y°, then pas 
if the rotation of a solution be greater than X° at 20°C. it will a 
diminish on heating, and vice versa. Therefore we may write an 
k(X° —[a]o") =[a]>”-[e]o. . - - - (1) a 
as the simplest kind of expression connecting the rotations at 20°C. J const: 
and 100°C. soluti 
The values of the constants k and X° may then be determined from Ea 
the rotation data for any two solutions. Thus, substituting the values 
of [a}j)” and [a]>” for solutions in nitrobenzene, of p=5 and p=50 Sul 
(see table below), we find XY°= + 20°96° and £=0-°505. Thus the softtion table 
(its concentration does not concern us) the specific rotation of which 
is 20°96° at 20°C., should have the same rotation also at 100°C. It 
will be apparent from the curves in Fig. 2 that this must be almost 
correct. Number 
Again, the values of & and Y° may be determined from the rotation 1 
data for ethyl tartrate in other solvents, and, if the simple assumption 3. 
made above were correct, should be the same as those just found for 4. 
nitrobenzene. : ( 
In table III are given data for various solvents and concentrations, 6. 
‘. 
Tasce IIT, & 
Number, Solvent. p- [a]. [a]. 10, 
1. Nitrobenzene ..... ..... ... 5 + 35°0° +27°9° ll. 
2 a. . “Vakubiatbeecen 50 17°0 19°0 12 
Ds o-Nitrotoluene ............ 10 32°3 25°5 13. 
4. Water * Sikemnabvakiaeaade ake 5 26°5 a - | 
¢. eNitronsphiialons 10 460 36 $03 
7 Benzaldoxime t ............ 22°8 0-2 12°8 
8. Ethyl tartrate ............ 100 7°8 136 Thus 
(homogeneous ester) solution 
* Trans., 1904, 85, 1151. + Trans., 1907, 91, 506. r nitrober 
* This is, however, not strictly true. It will be observed that the curve for HM applied 
a-nitronaphthalene, y= 25°145, has not the same inclination as that for nitrobenzene, Hi solvent, 
p=4'999; the two curves, in fact, would intersect, but, on the whole, they show sMoxim 


remarkable similarity. 
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by means of which & and X° may be calculated, and in table IV are 
given values of these two constants eliminated between different 


pairs. 


TaBLe IV. 
Eliminated 
between... 1°2. 15. 1°8. it. 4°8, 3°5. 67. 
a 0°505 0°418 0°473 0°565 0°555 0°465 0°483 


: erene 20°96° 18°36° 20°0° 22°5° 18°21° i a 26°31° 


It will be seen that the constants calculated by means of this linear 
expression from data for two solutions in the same solvent (1°2), or 
between those for solutions in two different solvents (1°5, 1-7, &e.), 
or between those for a solution and the homogeneous ester (1°8, 4°8), 
all give values for the constants lying fairly close together. 

Again, these constants, once obtained, may be used for calculating 
the rotations of other solutions, and, from table V, values calculated 
in this way may be compared with experimental numbers. The 
constants used are those first mentioned, and derived from nitrobenzene 
solutions of p=5 and p=50. 

Eouation (1) then transforms into : 

[a}p” =0°495 [a]? +10°583°.. 2... (2). 

Substituting in this expression the values of [a]}” of column 4 of 
table V, the values in column 6 for [a|}) are obtained. 


TABLE V. 
[a] ~~ [aj 
Number. Solvent. p. {a}. (observed). (calculated). 
1, Nitrobenzene ............ 2°0 38°4° 28°5° 29°6° 
2. Pe eg ee 10°0 31°6 26°2 26°22 
3° a Ree 19°94 26°1 24°3 23°5 
4. Ethyl tartrate ............ 100°0 7°85 13°6 144 
(homogeneous ester) 
5. a-Nitronaphthalene...... 5°0 460 36°5 33°4 
6. eae 49°56 24°8 24°0 22°9 
7. Benzaldoxime*............ 22°8 02 12°8 10°5 
8 ” P ieecnaeaaen 49°6 10°8 16°1 15°93 
9 - see RAS 79°9 12°9 16°4 16°97 
10. m-Nitrotoluene............ 5-0 28°7 24°8 24°79 
m-Dinitrobenzene....... . 25°0 23°4 21°4 22°3 
12. o-Nitrotoluene ............ 50°0 17°9 18°9 19°4 
Mesitylene ¢ ............... 10°0 1°8 11°06 11°5 
Acetylene tetrachloridet 9°3 —13°8 2°4 3°75 


*Trans., 1907, 91, 506. + Trans., 1902, 81, 1129. + Trans., 1908, 98, 366. 


Thus the constants calculated from the p=5 and p=50 nitrobenzene 
‘lutions give fairly satisfactory results, not only when applied to 
utrobenzene solutions of different concentrations (1—3), but when 
ipplied to the homogeneous ester itself (4), or to solutions in other 
wlvents so very different in character as a-nitronaphthalene, benz- 
ildoxime, mesitylene, and acetylene tetrachloride (5—13). It seems 
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particularly worthy of note that a formula thus obtained from rota. eth 
tious varying from + 35° to + 17° (1 and 2, table V) should be directly a 
applicable to a solution in acetylene tetrachloride, the rotation of . 
which varies between —13°8° and + 2°4° (14, table V). 
The simplest interpretation of the results of this investigation seems 
to be one purely physical : either that suggested some eight years ago , 
in the first paper of the series, correlating the phenomena of rota. 
tion in solution with internal pressure (Trans., 1901, 79, 188), or vA 
one similar in character. It is difficult to believe, considering what ; 
we know of actual compounds and the almost complete lack of success - 
which has attended the attempt to discover regularities amongst their | 
rotation constants, that the present results can be due to combination ‘ : 
between solvent and solute, although there is one respect in which ee 
the phenomena might be held to harmonise with that supposition, ure 
There is the fact, namely, that the rotations which are so different at "ps 
20°C. obviously tend towards a common value at higher temperatures, . 
a behaviour which might, of course, be ascribed to the gradual i 
dissociation of complexes existing at low temperatures. But this does s aj 
not seem to explain the fact that the maximum rotation of the homo- in th 
geneous substance is found quite clearly in solution also, or that a This 
maximum rotation of given value occurs at the same, or very nearly a 
the same, temperature in totally different solvents, in other words, Mea 
that this maximum is related to the temperature at which it occurs in anit 
a manner which is, to a considerable extent, independent of solvent 3 
and concentration. os +15 
Again, it might be expected, at least as a first approximation, that, “) 
as an active substance is gradually diluted with an inactive solvent at mo 
a given temperature, the combination of the two substances should ik, 
follow the law of mass action, and that this, in turn, should be reflected hess 
in the variation of rotation. The form of the concentration curves in In 
Fig. 1, however, is entirely opposed to this suggestion, since the nite 
specific rotation alters more rapidly in dilute than in concentratel i 
solution.* Sia 
The suggestion, referred to above, that rotation may be traced (5) 
back to internal pressure, or, in turn, to solution-volume, can, UL- sane 
fortunately, not be completely tested in the present case, since ouly and i 
three of the solvents dealt with are liquids. the eo 
The data for these, however, are given on p. 1856. It appears that (6 
at infinite dilution in nitrobenzene the molecular solution-volume of tiie 
ethyl tartrate would be about 174 c.c., in o-nitrotoluene about soe 
175°5 c.c., and in m-nitrotoluene about 176°5 c.c. In nitrobenzene, rotati 
* See Trans., 1907, 91, 1844, where this question is discussed in regard to other acetyl 


solvents. 
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ethyl tartrate has thus a smaller volume and a greater rotation than 
in m-nitrotoluene, but in o-nitrotoluene the rotation is greater than in 
either of the other two solvents, and therefore the volume might be 
expected to be less, which is, however, not the case. The data are 
thus not in harmony, and it would be of little service in the mean- 
time to do more than cite them. 

In conclusion, the results of the present investigation may be 
summarised as follows : 

(1) The rotation of ethyl tartrate varies through very wide limits 
when dissolved in the aromatic nitro-derivatives. In nitrobenzene 
and o-nitrotoluene, the specific rotation at infinite dilution has a value 
of more than +40°; in a-nitronaphthalene and o-dinitrobenzene, it 
would reach a value of, approximately, +65°. Ia s-trinitrobenzene, on 
the other hand, the specitic rotation would lie about — 30°, so that the 


nig total change of rotation which can be produced by varying the solvent 
BE is practically 100°. 

ve (2) The solvent influence of disubstituted benzenes appears to be 
ua 


governed by the general law that the two substituting groups, similar 
or dissimilar, when in the ortho-position cause the highest, and when 
in the para-position the least, rotation in the dissolved ethyl tartrate. 
this conclusion is drawn from a comparison of the data for o-, m-, and 
pxylene, o-, m-, and p-nitrotoluene, o- and m-dinitrobenzene, 2: 6- 
dinitrotoluene, and 2: 4-dinitrotoluene, whilst the behaviour of a- and 
§-nitronaphthalene is in accordance with it. 

(3) Homogeneous ethyl tartrate has a maximum specific rotation of 
+15° at 175°C. 


hat , es ot . : 

A mn (4) A maximum rotation is also found in the temperature-rotation 
ould curves for solvents which raise the rotation of ethyl tartrate. In 
: tal such solvents, the maximum rotation increases in value, and moves 


towards a lower temperature as the dilution becomes greater. 

In solvents which depress the rotation of ethyl tartrate, it is 
probable that the maximum rotation would diminish in value and 
move towards a higher temperature with increasing dilution, but this 
has not actually been observed. 

(9) The relationship between the maximum rotation and the 
temperature at which it occurs is much the same in different solvents, 
and is thus, in a sense, independent of the nature of the solvent and 
the concentration. 

(6) The change of rotation of dissolved (or homogeneous) ethyl 
tartrate due to change of temperature is also nearly independent (in 
‘proximate sense) of solvent and concentration ; for example, the 
rotation change for a given temperature interval of a solution in 
acetylene tetrachloride—which has a powerful depressing effect— 


—————————————————e 
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can be approximately calculated by means of a simple linear 
expression deduced from the behaviour of solutions in nitrobenzene— 
a solvent of very marked elevating influence. 


Ex PERIMENTAL. 
Rotation of Ethyl Tartrate. 
fi 17°8° -35°3° 60°4°— 929° 124° 148° = 160" 1754" 
a’ (100 mm.). +9°222 11°174 13°318 15°022 15°774 15°926 15-88 15°74 
a caonacagaia +764 9°39 11°45 13°28 14°35 14°75 14°95 1499 


Densities Determined. 


i aicesead 19°3° 33°83° 57°35° 131°2° 173°8° 
eres 1°2064 1°19181 1°1677 10919 1°0507 


Ethyl Tartrate in Nitrobenzene. 


I p=2-00164. 


Pe 161° 27°42 89°3° 441° 481° 561° 78-4° 86-8" 100-0" 
af (400 mm.) +3°737 3°627 3°451 3-367 8-299 3-172 2°878 2-759 2-569 
[a]f wc... +38°68 37°88 36°40 35°65 35°06 33°93 31°36 3029 28°51 


Il. p=4-99917. 
P Atittons 15°5° 20°7° 24°6° 27°7° 44°7° 50°8° 65°5° 72°5° 82°4° 87°4°100°0° 


mm.)... +8°546 8°391 8°314 8°224 7°739 7°551 7°149 6°969 6°751 6°559 6°273 
[a]e ..... +85°41 34°91 34°69 34°41 32°84 32°22 30°89 30°29 29°60 28°88 27°93 


af (24! 


(a) .. 


IV 


III. p=10-0011. 
t°... 14°2° 17°2° 19°8° 21°3° 23°3° 29°0° 48°7° 51°3° 58°7° 74°7° 82°7°100°0° 
at (249°6 mm.) : 

+9°509 9°499 9°484 9°459 9°409 9°289 8°932 8°757 8°584 8°134 7°939 7365 
[a]}é + 31°53 31°58 31°60 31°55 31°43 31°18 80°35 29°96 29°55 28°39 27°9 2627 


IV. p=19-9446. 


_ fees eee 17°6° 25°3° = 39°8°44°7° 588° 67°38" 813° -100°0" 
a” (249°6 mm.) +15°625 15°58 15°339 15°27 14-973 14°638 14°205 13°548 
[a]®.. s.secsoe +26°07 26°16 26°07 26°06 25°76 25°47 25°04 24°26 
So 
V. p=50-0156. . 
(ROS eee 17°7° 320° 459° BB1°— 633° 717° 78-6" 1000" 16-0° 
af (249°6 mm.) +25°368 26°233 26°785 26°95 27°065 27°088 27°053 26°68 40°0 
58-0 


Sep cncctsccenenoe +1688 17°66 18°25 18°51 18°72 188 18°97 19°08 
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Densities Determined. 


Solvent. F Il. 
= I, mS 
P. d, F. d. “ d. 

191° »=1°20444 20°0° 1°20317 19°0° = 1°20392 
50°0 1°17433 39°6 1°18416 37°3 1°18589 
68°7 1°1562 68°5 1°1566 62°7 1°1607 
100°0 1°1252 99°0 1°1253 98°5 1°1248 
ti. IV. V. 
—_—_—__—- oo — (a Ee, 
t’. d. fl d. £ d. 
18°0° 1°20428 17°3° 1°20442 167" 1°20314 
47°3 1°17526 36°5 1°18532 $7°7 1°18384 
74°3 171488 63°0 1°1589 66°7 11544 
100°0 1'1232 79°4 1°1427 100°0 1°1207 
100-0 1°1219 


Ethyl Tartrate in o- Nitrotoluene. 


I. p=5°00243. 

ae ere 10°1° 14°7° 23°9° 39°0° 48°6° 541° 63°0° 67°3° 100°0° 
e (2996 mm.). +5°55 5°44 5°213 4°848 fi 648 4°545 4°378 4°288 3°673 
[LEE nccreerseveeees +37°88 37°26 35°99 33°89 32°75 32°18 31°24 30°7 27:06 


I. p=10-0023. 

FP ielibiac setae. se 11°5° 17°5° 24°6° 38°6° 45°6° 49°4° 54°1° 61°2° 100°0° 
of (249°6 mm.). +9°667 9502 9°229 8°789 8°574 8°455 8327 8132 6942 
A, sversereeceesee +32°99 32°59 31°84 30°68 30°11 29°77 29°45 28°93 25°54 


Il. p=25-0094. 


ee 10°4° 14°6° 24°9° 38°7° 46:4" 51°9° 56°7° 66:3" 100-0" 
ef (249°S mm.). +18°483 18°418 18°17 17-765 17°502 17°253 17-102 16°73 15°35 
[ele os ceesssesevee 25°03 25°09 24°97 24°70 24°5 24°26 24-14 23°88 22°51 
IV. p=50-21. 

ae 110° 185° 23-0" 409° -52°0° 604-670" 100-0" 
(100 mm.)... +10°42 10°553 10°551 10°665 10°681 10°685 10°673 10:393 
[al sesso see $1746 17°38 17°86 «18°33 18°54 «18°68 18°77 18°83 


Densities Determined. 


Solvent. I. II. IIL. IV. 

— | —— i ——— ———, ——_ 

. d. -. d. e. d, t. d, i da. 

160° 116742 12°0° 1°17186 14°1° 1°17129 15° 1°17509 19°4° 1°18013 

40°0 114472 39°5) «-1°14588 42°0 1°14456 38 1°1530 35°0 1°16466 ' 
58°0 1°1275 63°0 1°1235 62°5 1°1247 60 1°1313 57°1 1°1427 | 
1005 1°1877 101°0 1°10871 101°0 1°0878 101 1°0915 101°6 1°0980 
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Ethyl Tartrate in m-Nitrotoluene. 


I. p=5 00044. 


fe 68° 150° 216? 46-4" «586° 74-6? gg? 

a‘ (249°6 mm.)......... +4°232 4°178 4°15 3°878 3°763 3°62 3°347 

fa ccccecccesesceeseeces +28°96 28°78 28°74 27°40 26°88 262 24°74 
II p=9'98878. 

Cvarcvasciaresues ae 7°8° 17°6° 28°9° 88°3° 45°1° 49°0° 69°8° 81:0° 989° 

a (249°6 mm.). +7°138 7°205 7°198 77146 7°071 7°02 6°685 6°506 6:138 

[a] depasndannanees +24°45 24°87 25°07 25°08 24°96 24°86 24°07 23°68 22:69 


nee 72 12°7° 30°3° 61°4° 79°8° 990° 
at (201°5 mm.) +10°125 10°388 10°977 11°303 11°245 11023 
SS ren +17°05 17°58 18°86 19°93 20°15 20°11 
IV. p=51-188. 
| gi Rees ee eee Cen 6°0° 15°3° 29°1° 62°3° 81°6° 99°5° 
at (100 mm.) ...... +6°938 7°575 8°25 9°213 9°465 9°563 
[a}‘ eicdeniiatectaawie +11°38 12°52 13°80 15°86 16°58 17°02 
Densities Determined. 

Solvent. }. II. III. IV. 
——+-— TT, ’ iene i — 
cs d. e. d, Fe; d. e. d. e. d, 

17°5° 1°1600 15°5° 1°16272 18°3° 1°16144 18°4° 1°16690 20°4° 111 
38°4 1°14028 40°8 1°13902 37°1 §=1°1437 35°6 1°15014 39°4 1°1575 
56°0 1°1240 60°8 1°1203 67°2 1°11538 65°6 1°1207 63°0 1°1342 
65°8 1°1147 70°'7 +1°1110 99°4 1°0845 99°6 1°0882 99°4 1°0976 
99°6 1°0832 99°0 1°0840 


Ethyl Tartrate in p-Nitrotoluene (m. p. 54°4°; b. p. 104°5° at 9 mm. 
Oil-bath, 121—122°). 
I, p=20°2968. 


ga oN eh: ran eee enero ee 45°5° 51°6° 652° 80°3° 95°0° 
af (170 mm.) ......... +7°647 7714 0°727 7°659 7°534 
a +19°48 19°75 20°01 20°10 20°03 
II, p=48°5. 
ies ong cect baie ys ; 43°9° 703° 95°2° 
af (100 mm.) ..........0.406 +8°334 8-912 9-148 
[aE .--sccccecescssescece coves +14°94 16°35 17°16 
Densities Determined. 
I. II. ; 
Be acts 53°9 72°3 93°4 457 64°4 770 a0 
i cians 1°1298 1°1120 10919 1°1487 1°1300 1°1172 10802 


pOTATION OF OPTICALLY ACTIVE COMPOUNDS. PART XIII. 1855 


Ethyl Tartrate in 0-Dinitrobenzene (m. Pp. 118°). 


p=25°03 
| OTE aS One PERE ES OOP 116°1° 134°2° 142°4° 
af (100 mm.) ...........6006 +3°52 3216 3-098 
Re a ae RE Ee + 35°16 32°05 30°95 


* See p. 1839. 


Ethyl Tartrate in m-Dinitrobenzene (m. p. 88° ; b. p. 167° under 14 mm. 
pressure, Oil-bath, 220°). 


I, p=24°172. Il. p=49°611. 
| Stee eeeran ne eens 81°5° 94°7° 112°0° 63°3 89°3° 124°6° 149°2° 
a’ (100 mm.)...... +5°734 5°578 5°41 +9°758 9°824 9°658 9°37 
[alo ...+ecccsverscees +18°16 17°84 17°53 +15°59 16°03 16°22 16°06 


Densities Determined. 

B © senntenscies 83°8° + II. 68°5° 82°5° 99°4° 

D dchansrsvens 1°3043 1°2565 1°2 1°23 

+ The pyknometer broke just after this determination, when only one observation 

had been made. The values for density used in calculating the specific rotation of 

the solution were obtained by drawing a line through the one experimental point 

and parallel to the density curve for the y=49°611 solution. The valnes thus 
obtained are certainly not far from the truth. 


Ethyl Tartrate in s-Trinitrobenzene (m. p. 123°). 


I. p=24:933 
0 sex: sepeenainnhsinnin 104°0° 114:0° 129°2 146°4° 
a’ (50mm.)... —1°404 —1°052 —0°594 -—0°14 
PS itasecigtes ~ 11°26 —8°44 - 4°76 -1/12 
* See p. 1839. 
I p= 51°38 
Pe ee 95°9 117°0° 127°4° 
af (50 mm.) ...... — 0°40 +0°592 +1°03 
Fe cssnsesenncbinaans - 1°56 + 2°30 +401 


Owing to the high melting point of the solvent, density determina- 
tions of the solutions were not attempted. For the- density of the 
solvent see note (p. 1842). 


Ethyl Tartrate in 2 : 6-Dinitrotolwene (m. p. 59°). 


A ee 52°1° 6174 77°7 95°6 140°2 
a" (75 mm.) ........ +5°494 5°384 5195 4°946 4°390 
a EN Se + 22°93 22°6 22°18 21°38 19°71 


1856 ROTATION OF OPTICALLY ACTIVE COMPOUNDS, 


Densities Determined. 


OC . tivhadeansuseen 63°3 75°5° 80°5° 
d 1°2792 1°2668 1°2616 


Ethyl Tartrate in 2: 4-Dinitrotoluene (m. p. 71°). 
p=24°941. 


eared ane 63°0° 91°3° 128°2° 
a’ (75 mm.) ......... +3°324 3°347 3°347 
[a] icintbalen betes, tac” 14°29 14°66 


Densities Determined. 


Or canidcedeaatads 72°3° 82°8° 100°0 
1°2710 1°2604 1°2433 


Ethyl Tartrate in a-Nitronaphthalene (m. p. 58°). 


I. p=10°214. 


i acilonkcaussutensuiiaen 61°4° 73°6° 92°6° 122°8 
a (75 mam.) «...2;. +3°838 3674 3°408 3°004 
BIT cnc ccesecccnsoncoeens +41°3 39°86 37°47 33°74 
Il. p=25°145 
eta icacatscasctanceatincos 58°9 78°0 96°3° 123°0 139°0 
a* (40 mm.).... +40 3°804 3°62 3°322 3°152 
| OO 31°83 30°71 28°78 27°65 
IIT. p= 49°565 
iP kciipaaccssesecs aks sae 16°7° 26°4° 47°2° 74°3° 99°8° = 111°6° 
af (40 mm.) ...... +6°049 6°052 5904 5°75 5°494 5°354 
[a]oceceeceeeseeee $2479 24°99 24-93 24-66 = 24-06 23-88 


Densities Determined. 


I. Il. Ill. 
° 63°9° 79°0° 101°0 62°4° 80°0° 98°7° 48°9° 61°6° 78°5° 100°0° 
d@ 1°2113 11986 1°1803! 1°2023 1°1864 1°1698 1! 1°2001 1°1882 1°1719 1°1517 


Molecular Solution-volume and Specific Rotation at 20° of Ethyl 
Tartrate in Various Solvents. 


Solvent p. d20°/4. M.S.V.%, cc. [al2", 
Nitrobenzene ww... 0 1°20356 174°0 +41:0° 
2°00164 1°20317 173°9 38°4 

4°99917 1°20293 173°0 34°9 

10°0011 1°2023 172°9 31°6 

19°9446 1°20173 172°6 26°1 

50°0156 1°20182 171°6 170 

o-Nitrotoluene ... 0 1°16364 175°5 +42°0 
500243 1°16430 175°0 365 

10°0023 1°16564 174°0 32°3 

25°0094 1°17029 173°0 25°0 

50°21 1°17954 172°3 178 


a 60UhaOOlCDCCd 
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Solvent. Dp. d 20°/4°. M.8.V.™, c.c. [a]®, 
m-Nitrotoluene ... 0 1°15764 176°5 +34°0° 
500044 1°15845 175°5 28°7 
9°98874 1°15984 175°4 25-0 
25-003 1°16534 173°3 18°2 
51°188 1°1770 172°3 13°0 


Some part of the expense of this investigation was defrayed out of 
a grant awarded by the Research Fund Committee of the Chemical 
Society. The author has pleasure in expressing his thanks for this 
assistance. 
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CLXXXIV.—A New Form of Gas Burette. 
By Artuur Epwin Hit. 


To augment the degree of accuracy to which a straight-tube gas 
burette can be graduated, it is necessary to enlarge the scale by 
increasing the length and reducing the diameter of the burette. 

The advantages thereby attained are, however, more than counter- 
acted by the disadvantages resulting from the unwieldy proportions of 
the apparatus, and consequent difficulty of keeping its contents at a 
uniform temperature. 

No increased accuracy can result from a mere reduction of the 
diameter of the burette if unaccompanied by a proportionate decrease 
of its length, for its capacity is alone thereby reduced, and the per- 
centage error on the reduced volume of gas measured retains its former 
value, 

An attempt has been made to devise a new form of gas burette, 
which, although quite compact, can be graduated to a higher degree 
of accuracy than the ordinary form. 

It is indicated in section in the figure, and consists of the vessel AB, 
made up, as shown, of a series of ten bulbs, each with a capacity of 
10 c.c., connected by short, narrow tubes, on which graduations are 
marked. ‘I'his vessel is sealed at the top to the three-way capillary 
tap C, which is especially adapted for controlling the flow of gas 
between the burette and the absorption pipette ; this tap has already 
been described by the author (Proe., 1908, 24, 95). The double tube 
EFG consists of the measuring tube ZF, which is sealed to the upper 
end of the vessel AB, and has a capacity of 10 c.c. graduated into 
twentieths of a c.c., and the levelling tube /G@, which serves for adjust- 
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ing the pressure of the gas inside the apparatus to correspond with 
that of the atmosphere outside. 

The vessel AB and the side-tube ZG are sealed at the bottom to 
the three-way tap //, which serves to control the flow of water between 
the burette and the levelling reservoir connected with the lower 
part of the tap by the rubber tube A, but not 
shown in the figure. 

The method of working is very simple, and 
is as follows: 


sens 
To fill the burette with water, the tap C is the 
opened and the tap H is turned into position poss 
(1), whereby connexion is made between all acc 
parts of the burette; the reservoir is now B 
raised until the water fills the burette and poss 
reaches the tap C, which is then immediately the 
closed. of ac 
Before a sample of gas is drawn into the of r 
burette, the tap H is turned into position mag) 
(3), whereby the double tube HFG is dis- Tl 
connected from the reservoir—at this moment (dl 
it is advisable to close the opening at the requi 
top of the tube FG to prevent its contents grad 
from being disturbed by the partial vacuum (2 
in the vessel AB. When sufficient gas has on W 
entered the vessel AB, the tap C is closed, than 
and the reservoir is raised until the water (3 
reaches the nearest graduation mark in the sixte 
vessel AB. into | 
The tap Z7 is now slowly turned into position ( 
(2), whereby the double tube H/% is con- 
nected with the reservoir, the vessel AB dis- 
connected from it, and a part of the gas which 
was compressed in the vessel AB is allowed 
to pass over into the measuring tube ZF. 
The pressure of the gas in the burette is CL) 
then adjusted by lowering or raising the 
reservoir until the level of the water is the same in both parts of 
the double tube ZFG ; its volume can then be read off in twentieths 
of a c.c. from the combined readings of the vessel AB and the Wat 
measuring tube HF. Both these readings are equally accurate, vane 
since the measuring tube ZF has the same diameter as the short Speci 
connecting tube on which the graduations of the vessel AZ are aleoh 
marked. tris 
~ 24 


To proceed with the analysis of the gas, the burette is connected to 
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an absorption pipette, the tap H is turned into position (1), and 
the gaseous contents of the burette are driven over into the pipette 
by opening the tap C and raising the reservoir. When absorption is 
complete, the tap H is turned into position (3), and the gas 
js returned to the vessel AB by lowering the reservoir, its volume 
being then measured in the manner already described. 

The degree of accuracy to which this type of gas burette can be 
graduated, is limited only by the difficulty of obtaining a really 
sensitive pressure gauge which will give an accurate indication of 
the pressure of the gas in the burette. Otherwise, it would be 
possible to construct a burette capable of being read to hundredths of 
& CC. 

By applying a simple modification of the foregoing principles, it is 
possible to devise a very accurate volumetric burette for measuring 
the volume of liquids in experimental work where a high degree 
of accuracy is required ; it is doubtful, however, whether it would be 
of real utility for volumetric analysis, in view of the considerable 
magnitude of the errors introduced by the use of indicators. 

The new form of burette combines the following advantages : 

(1) It has one-tenth the number of graduations which would be 
required on a straight-tube gas burette with the same capacity and 
graduated to the same degree of accuracy. 

(2) A very open scale is provided on the measuring tube FF, 
on which one-twentieth of a c.c. is represented by a length of more 
than 1‘5 millimetres, 

(3) The apparatus is very compact, measuring not more than 
sixteen inches between the taps C and //, and can therefore be fitted 
into a thermo-jacket of very moderate dimensions. 


CONSTANTINOPLE. 


CLXXXV.—The Triazo-group. Part V. Resolution of 
a-Triazopropiome Acid, 

By Martin Onstow Forster and Hans Epuarp Fierz. 

Waive examining the properties of a-triazocamphor, or camphoryl- 
azoimide (Trans., 1905, 87, 826), we were impressed by the high 
specific rotatory power displayed by solutions in benzene, ethyl 
‘leohol, acetone, and chloroform ; with a concentration of 1 per cent., 
wtriazocamphor in these media gave [a]) ~351°, — 284°, —279°, and 
~246° respectively, values which are not approached by any known 
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derivative of the general formula OH Moreover, whilst P 
camphor, a-chlorocamphor, a-bromocamphor, and _ a-iodocamphor (b) 
are dextrorotatory to the extent of [a], 42°, 96°, 135°, and 169° ion, ' 
respectively, a-triazocampkor resembles nitrocamphor in being leyo. (c) 
rotatory. lactic 

It would be reasonable to suppose from this comparison that the prop 
triazo-group is capable of exerting on the optical activity of 4 (d) 
molecule in which it is attached to the asymmetric carbon atom an the e 
influence much more powerful than that of the halogen elements, and, (e) 
in view of the general chemical resemblance between these latter and alani 
the complex in question, it became of interest to study other triazo- Th 
derivatives in which rotatory power is liable to be affected by this spond 
group. The case of a-triazocamphor being complicated by the precl 
presence of three asymmetric carbon atoms, we were led to select the finall 
simplest available molecule, namely, a-triazopropionic acid, and have reduc 
resolved the racemic material (this vol., 671) by means of brucine, propi 
the salt of this alkaloid with /-a-triazopropionic acid crystallising isolat 
readily from concentrated aqueous solutions of the racemic acid which the k 
have been neutralised with the base. Contrary to expectation, indeb 
however, the influence of the triazo-group appears to be very slight, been : 
since the liquid acid has ja], —2°27°, which is raised to [a], —28-9° deriv: 
by dissolution in ether. This comparatively insignificant optical and | 
activity is another illustration of the wide divergence between the optica 
effect of an azoimide complex when replacing hydrogen in a cycloid The 
system and its influence in the aliphatic series, the asymmetric from 
triazo-compound taking a normal position among the typical a-sub- inver: 
stituted derivatives of propionic acid. Optical data concerning these devise 


are curiously incomplete and conflicting, but we believe the following 
to represent existing information on the subject : 


Acid. [a]. [a], in water. [a], of Ethylester. 


a-Chloropropionic ...............00. unknown unknown 199° | to effe 
a-Bromopropionic ................4. 45° unknown 37° to 46 solutic 
a-Hydroxypropionic ............... unknown | 2°5° to 2°0° 40. 

@-AMiNOpropionic .............006- (solid) rit less than 1 many 
a-Triazopropionic .................. 227° =| = 48° to 3°0° 182° when 


— 


Keeping in view the tendency displayed by this class of compounds 
to undergo racemisation, the conditions likely to bring about this 
change have been, as far as possible, excluded in preparing l-a-triaz0- 
propionic acid, and, assuming the precautions to have been successful, 
it has been established that : 
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(a) The rotation of triazopropionic acid is very low compared with 
that of bromopropionic acid. 

(b) The rotation of the free acid is opposite in sign to that of its 
jon, as in the case of lactic acid. 

(c) The ester has a specific rotatory power comparable with that of 
ictic and chloropropionic esters, but much lower than that of bromo- 
propionic ester. 

(d) The rotation of the amide is not only much greater than that of 
the ester, but is opposite in sign. 

(ce) Replacing the triazo-complex by the amino-group leads to 
alanine of activity opposite to that of the original material. 

The problem of referring /-a-triazopropionic acid to the corre- 
sponding alanine presented some difliculty at first, owing to the 
preclusion of alkaline reducing agents; aluminium amalgam was 
finally chosen, and, although no definite result was reached on 
reducing the ester, an aqueous solution of ammonium J/-a-triazo- 
propionate was found to yield d-alanine, a specimen of which was 
isolated in the form of its 8-naphthalenesulphonic derivative. Through 
the kindness of Geheimrath Professor Emil Fischer, to whom we are 
indebted for several grams of d-alanine prepared from silk, we have 
been able to make a direct comparison of the 8-naphthalenesulphonic 
derivatives from both sources, the original description (Fischer 
and Bergell, Ber., 1902, 35, 3781) giving no information as to 
optical activity. 

The question whether the change in direction of rotation on passing 
from triaz: propionic acid to alanine is another case of the Walden 
inversion, cannot, of course, be determined until some process is 
devised for effecting the converse transformation. 


EXPERIMENTAL, 
l-a-Triazopropionie Acid, CH,*CHN,*CO,H. 


Preliminary experiments with cinchonine, bornylamine, and 
brucine indicated the last-named alkaloid as the one best calculated 
to effect satisfactory resolution of a-triazopropionic acid. An aqueous 
solution of cinchonine triazopropionate did not deposit crystals during 
maby days, and concentration led to the separation of an oil even 
when conducted at the temperature of the laboratory ; bornylamine 
formed a crystalline salt, but only in solutions so concentrated that 
the mother liquor was syrupy. 

Two hundred and forty grams of brucine were mixed with 200 ee. 
of water, and to the paste were added 70 grams of racemic a-triazo- 
propionic acid, which quickly dissolved the alkaloid ; crystallisation 
begin almost immediately, and yielded 120 grams of brucine /-triazo- 
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propionate,‘having [a], — 25°6°. Xecrystallisation from 120 grams of 
boiling water gave 90 grams of salt, which was further recrystallised 
from 500 c.c. of hot absolute alcohol ; 70 grams of rectangular plates 
were thus obtained, having [a],, —26°3°, this rotation being raised 
only one-tenth of a degree by another recrystallisation from 75 grams 
of boiling water, the final quantity of salt amounting to 62 grams 
The specific rotatory power, [a], — 26-4°, for brucine /-triazopropionate 
having been confirmed by another experiment, involving 100 grams of 
brucine and 30 grams of racemic a-triazopropionic acid, the specimen 
was regarded as an individual salt, and employed in preparing the 
active acid. Seventy-five grams were dissolved in warm water, treated 
with excess of ammonia, filtered from brucine, and extracted twice 
with chloroform to remove any remaining alkaloid. The aqueous 
solution of ammonium triazopropionate was then treated with 100 
grams of sulphuric acid, diluted to 25 per cent., saturated with 


triaz 
sign . 
brucl 
contr 
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possi 
clusic 
propi 
with 

soluti 
was | 
corres 


solid ammonium sulphate, and extracted five or six times with ether; : ms 
after drying the solvent with sodium sulphate, evaporation was con- . . 
ducted without heating the acid, which was left in a vacuum desiccator net 
until constant in weight, 15 grams remaining in the form of a whey 
colourless oil. - 
l-Triazopropionic acid has the appearance, odour, and chemical ue 
properties of the racemic substance, and the specific gravity is 1:2293 _ 
compared with water at 21°, which corresponds very nearly with thai under 
of the inactive material, 1:2247 at 25°; in a 2-dem. tube the me 
specimen gave a, — 5°35’ at 21°, whence [a], —2°27°. A solution darker 
containing 4°1527 grams of the acid made up to 25 c.c. with ether at seem 
23° gave [a], — 9°33’ in the 2-dem. tube, whence [a], —28°9°. The “ » 
; ; om P in the 

aqueous solution, however, is dextrorotatory, one containing 5°2136 th 
grams of acid made up to 25 c.c. at 21° giving ap 2°0' in the 2-dem. . nd 


tube, whence [a], 4°8°; the same solution diluted to 50 c.c. gave 
a, 0°38’, whence [aj, 3°0°. 

The brucine salt dissolves readily in its own weight of boiling 
water, from which it crystallises in large, transparent, rectangular Thre 
plates ; it requires about five times its weight of absolute alcohol for J aqueou 


dissolution, and is only sparingly soluble in the cold medium : into lu: 
0°3183 gave 37°6 c.c, N, at 20? and 761 mm, N=13°53. oy 


C,,H,,0,N,.,C,H,O,N, requires N = 13°75 per cent. a 


The substance has not a definite melting point, but evolves gas at HM 10175 
about 150°. It displays mutarotation, a solution containing 1:0005 Hi 24cm, 
grams made up to 25c.c. with water giving ay — 1°50’ in a 2-dem. tube, fi acetone 
increasing to — 2°7’ during half an hour on the water-bath ; the initial 
and permanent values for the specific rotatory power are, therefore, 
[a], —22°9° and —26°4° respectively. From this it appears that the 
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triazopropionic ion is dextrorotatory, and is therefore opposite in 
sign to the free acid, for, on calculating the contribution of the 
prucinium ion, this is found to be approximately — 2°27’, whence the 
contribution of the triazopropionic ion must be dextrorotatory, even 
supposing the undissolved salt to contain water of crystallisation, the 
possibility of which is suggested by the above analysis. This con- 
cusion was confirmed by dissolving 20 grams of brucine /-a-triazo- 
propionate in water, adding excess of ammonia, extracting three times 
with chloroform, concentrating to 100 c.c., and examining the aqueous 
solution in the polarimeter, when the ammonium /-a-triazopropionate 
was found to be dextrorotatory to the extent of 1°, which would 
correspond with an approximate value of 11° for the ion. 


Ethyl |-a-Triazopropionate, CH,*CHN,°CO,°C,H,. 


Slight excess of silver oxide was mixed with the active acid dissolved 
in ether, and, without separating the salt from unchanged oxide, 
considerable excess of ethyl iodide was added and left in contact, with 
frequent shaking, during thirty-six hours at the laboratory tempera- 
ture, It was hoped in this way to avoid any risk of racemisation,and the 
esterification appearing to be complete, silver iodide was filtered, and 
a gentle current of dry air passed through the liquid while maintained 
under 20 mm. pressure. The limpid residue, which had the character- 
istic odour of the racemic ester, after remaining several days in a 
darkened desiccator was distilled under 5 mm. pressure, when it boiled 
steadily at 49°. The specific gravity was 1:063 compared with water 
at 22°, and the rotatory power at this temperature was a, — 38°42’ 
in the 2-dem, tube, whence [a], —18°2°. A 12 per cent. solution in 
ether had practically the same rotation, 30093 grams made up to 
2) cc, giving ay — 4°27’ in the 2-dem. tube, whence [a], — 18°5°. 


la- T'riazopropionamide, CH,*CHN,*CO-NH,. 


Three grams of the active ester were shaken with concentrated 
aqueous ammonia during six hours, becoming thereby transformed 
into lustrous crystals of the amide ; crystallisation from benzene gave 
suow-white needles melting at 85°, higher by 6° than the point at 
Which the-racemic compound fuses. Although derived from the 
levorotatory acid, the amide is dextrorotatory, a solution containing 
10175 grams made up to 25 c.c. with water giving a, 4°0' in the 
em, tube, whence [a], 49°1° ; 0°8986 gram made up to 20 c.c. with 
wetone gave a, 9°0' in the same tube, whence [a], 100°1°. 


6H 2 
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Reduction of Triazopropionic Acid to Alanine. 


Many preliminary experiments with the racemic acid and its este 
were directed towards replacing the triazo-group by the amino-radicle, 
and the selection of aluminium amalgam as reducing agent followed, 
Two grams of inactive a-triazopropionic ester were diluted with 50 ¢¢. 
of ether, and treated with 5 grams of amalgamated aluminium graye] 
added in small quantities during six hours, drops of water being 
introduced occasionally while the liquid was cooled externally, The 
ethereal solution of alanine ester was then filtered from alumina and 
mixed with 2 grams of picric acid in ether; the solvent, on 
evaporation, deposited a pale red oil, which became crystalline when 
stirred with a few drops of water, and, on recrystallisation from warm 
water, which deposited one gram of lustrous, pale yellow needles, the 
substance melted and decomposed at 167°: 

02310 gave 33°0 c.c. N, at 24° and 759 mm. N = 16:00. 

C,H,,0,.N,C,H,O,N, requires N = 16°19 per cent. 

The melting point recorded for the picrate of ethyl a-amino 
propionate by Emil Fischer is 168°, 

Three grams of the /-ester diluted with 50 c.c. of ether were then 
reduced with 10 grams of aluminium amalgam, and, on concentrating supply 
the filtrate and washings to 20 c.c., the solution was found to be stil) I althou 
levorotatory, although the rotation had diminished to about 35. &@ intera 
This experiment being indecisive, however, owing to the possibility of HJ best cx 
the activity being due to unattacked triazopropionic ester, an aqueous 
solution of ammonium /-triazopropionate was reduced with the same & ofa-tr 
agent, which furnished an inactive solution becoming dextrorotatory 9 reache 
on adding hydrochloric acid ; the result suggested the formation of 
d-alanine, which has [a], 2°7° in water and [a], 10°4° in the form of &@ alkali, 
hydrochloride (Fischer and Raske, Ber., 1907, 40, 3720), but might # l-triaz 
equally well have arisen from unchanged J/-triazopropionic acid, this J alkali, 
being dextrorotatory in water. Accordingly, the liquid was neutralised J prepon 
with normal potassium hydroxide and agitated with excess of B-naph- 7% we hay 
thalenesulphony] chloride in ether during four hours, one molecular pro- @ attribu 
portion of alkali being added after each hour ; the colourless derivative J alcohol 
obtained on acidifying the alkaline liquid with hydrochloric acid was J since ¢ 
recrystallised from boiling water, and, after being dried in the HM find t} 
desiccator, melted at 112°. A direct polarimetric comparison between I entire), 
this product and the #-naphthalenesulphonic derivative of d-alanive H& concent 
was then made, the requisite amount of normal potash diluted with JM ditions 
water being used as the solvent ; in concentration approximating to? triazoet 
per cent., the specimen from /-a-triazopropionic acid gave [a]p -577, 50 per 
whilst that from d-alanine gave [a], - 50°6°, a value perhaps & few BB and am 
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degrees too low because of the horny condition of the material, which 
it was therefore difficult to dry completely. The transformation 


LCH,‘CHN,-CO,H —> d-CH,*CH(NH,):CO,H 


ster 
cle was thus established. 

’ 
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(LXXXVL—The Triazo-group. Part VI. Triazoethyl 
Alcohol and Tiiazoacetaldehyde. 
the By Martin Onstow Forster and Hans Epuarp Fierz. 


Previovs communications have indicated the extent to which a 
carbonyl group, favourably situated in regard to the triazo-complex, is 
capable of modifying the behaviour of the latter towards alkalis, and 
ino- J it appeared to us desirable that there should be added to the positive 
evidence which has been already accumulated that negative testimony 
hen @ which an examination of triazoethyl alcohol might be expected to 
ting J supply. The preparation of this material presents no difliculty, 
stil! 7% although a slight departure from the usual procedure is necessary, 
interaction between the halogen derivative and sodium azide being 
best conducted without a solvent. 

p0us Of the triazo-ketones which have been studied since the properties 
ame §@ ofatriazocamphor first drew our attention to the subject, none has 
tory J reached the standard presented by the last-named substance, namely, 
n of the quantitative character of the two-thirds nitrogen elimination by 
n of MH alkali, Acetonylazoimide, phenacylazoimide, 2-triazocyclohexanone, 
ltriazobutanone-2, and 3-triazobutanone-2, when treated with dilute 
this #@ alkali, yield varying proportions of hydrazoic acid, although a largely 
ised preponderating quantity of nitrogen is lost in the elemental form, and 
we have suggested that the distinctive behaviour of these ketones is 
aa attributable to superior tendency towards enolisation. Triazoethyl 
tive H alcohol presents a complete structural antithesis to a-triazocamphor, 
‘ince the possibility of ketonisation is excluded, and we expected to 
find that the two-thirds nitrogen evolution would be suppressed 
entirely ; actually, however, the course of the action is limited by the 
‘oneentration of the alkali, but it is safe to assert that, under con- 
ditions which result in a vigorous decomposition of the triazo-ketones, 
d= mazoethanol remains indifferent. With solutions of alkali exceeding 
00 per cent., although there is no apparent action in the cold, nitrogen 
ind ammonia are liberated on boiling, but, as the change is accom- 
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panied by development of a brown coloration, it seems probable that 
this variation from the expected order is due to reduction by potassinn 


triazoethoxide, and is not, therefore, a specific action of the alkali 1 
Moreover, triazoacetaldehyde recalls the behaviour of the triago. 80 
ketones, liberation of nitrogen taking place concurrently with removal dar 
of hydrazoic acid. and 
In an earlier paper, comment was made on the influence which the hyd 
azoimide complex appears to exert in connexion with the odour of as 
simple typical substances into which it has been introduced, for, con. Sm 
trary to expectation based on the properties of aromatic azoimides, the 0 

odour of those belonging to the aliphatic series proved much less 

intense than that of the parent substances, and was quite unmodified 
in the direction of anise. It is noteworthy that the odour of triazo. T 
acetaldehyde is also faint, the pungent, choking effect of acetaldehyde ha 
vapour being completely masked, whilst triazoethyl alcohol is odouw- ile 
less ; nevertheless, the perfume of triazoethyl acetate is scarcely dis- rap 
tinguishable from that of ethyl acetate. tanh 
During the past few years, patent literature has contained many wt 
references to the therapeutic value of substituted ethyl amino. acid 
benzoates, a notable example being diethylaminoethy] p-aminobenzoate, and 
the hydrochloride of which, called novocaine by its discoverer, qT 
Eivhorn, is distinguished as a non-irritant local anesthetic. As the depe 
method for preparing novocaine is unsuited to the production of the the 
parent base, aminoethyl p-aminobenzoate, or p-aminobenzoyloxyethyl- boil; 
amine, we have obtained, this compound by converting triazoethy! alth 
alcohol into the p-nitrobenzoic ester, and reducing the latter with tin effer 
and hydrochloric acid. The behaviour of the diamine is disappoint pry 
ing, however, and supports the recent experience of F. L. Pyman tion 
(this vol., p. 1793) in demonstrating the absence of exact knowledge on 
concerning the relation between chemical constitution and physio- is qu 
logical action. Dr. H. H. Dale, of the Wellcome Physiological alive 
Research Laboratories, has been so kind as to examine the hyd with 
chloride of p-aminobenzoyloxyethylamine, and reports that “ the 5 per of hy 
cent. solution produced no perceptible loss of sensibility when applied Re 
to the eye of a rabbit: neither was there any conspicuous with 
irritation.” chlor 
of all 

EXPERIMENTAL, 

of an 
Triazoethyl Alcohol (2-Triazoethanol-1), N,*CH,*CH,"OH. fied y 
From preliminary experiments, it appeared that, although chlorine is ot 
replaced by the triazo-group when ethylene chlorohydrin is heated 02 
with aqueous sodium azide, the transformation is limited, and a more ee 


satisfactory result arises from adopting the practice of Butlerod 
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and Ossokin (Annalen, 1867, 144, 40) in the preparation of 
etifylene iodohydrin. 

Righty grams of dry sodium azide were heated in a Jena flask with 
30 grams of ethylene chlorohydrin (0°8 mol.) on the steam-bath 
during forty-eight hours, the weight of liquid obtained on filtration 
and subsequent washing with ether being roughly that of the chloro- 
hydrin employed ; the product was heated at 100° under 70 mm, 
pressure during half an hour, and then distilled under a pressure of 
§ mm., when 75 grams boiled steadily to the last drop at 60°: 1 


01748 gave 49°5c.c. N, at 23°3° and 752°5 mm., along with 0:03369 
of ammonia. N= 32-26 as gas; 15°94 as NH, ; total, 48°20. 
C,H,ON, requires N = 48-27 per cent. 


Triazoethyl alcohol is a colourless, sweet-tasting, mobile liquid, 
having specific gravity 1:149 compared with water at 24°; it is 
miscible with water and hygroscopic, and, although without odour, the 
vapour when inhaled affects the blood-pressure in the manner charac- 
teristic of the triazo-group in the aliphatic series. The detonation on 
a hot plate is very mild. When mixed with concentrated sulphuric 
acid, vigorous effervescence occurs after an interval of a few seconds 
and stannous chloride also liberates nitrogen, 

Towards aqueous potassium hydroxide the behaviour of triazoethanol 
depends entirely on the concentration of the alkali. At 30 per cent., 
the agent gives rise to very sluggish effervescence on continued 
boiling, the liquid remaining colourless, whilst a 70 per cent. solution, 
although without apparent action in the cold, develops brisk 
effervescence on heating, the nitrogen being accompanied by ammonia, 
and the liquid becoming brown. Intermediate degrees of concentra- 
tion display corresponding variations between the limits indicated, 
from which it is clear that the attitude of triazoethanol towards alkali 
is quite distinct from that of the triazo-ketones, which suffer loss of 
nitrogen in presence of mere traces of potash. On continued heating 
with the above-mentioned solutions of alkali, a considerable proportion 
of hydrazoic acid was eliminated. 

Reduction to Aminoethyl Alcohol.—The triazo-compound was treated 
with a 20 per cent. solution of stannous chloride in dilute hydro- 
chlorie acid until evolution of nitrogen had ceased; on adding excess 
of alkali, followed by benzoy] chloride, the supposed dibenzoy] derivative 
of aminoethyl alcohol was obtained in a viscous condition, and solidi- 
fied when treated with warm water. Recrystallisation from benzene 
and petroleum gave lustrous, snow-white needles, melting at 88—89° : 


ental 


02153 gave 05642 CO, and 0:1141 H,O. C=71:47; H=5°88. 
01675 ,, 7°95 ce. N, at 20° and 756mm. N-=5-40. 
C,,H,,0,N requires C= 71°38 ; H=5-58 ; N=5-20 per cent. 
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There is a discrepancy between the fusion point of our specimen 
and that mentioned by Kuorr (Ber., 1897, 30, 914), who records 76°. 
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Triazoethyl Acetate, CH,*CO,*C,H,Ng. 


Fifteen grams of triazoethyl alcohol were added to 20 grams of 
acetyl chloride diluted with 50 c.c. of dried chloroform, hydrogen 
chloride being liberated immediately ; after ten minutes, the liquid was 
heated on the steam-bath until most of the chloroform had evaporated, 
and the residue, dissolved in ether, was shaken with a dilute solution 
of sodium carbonate. The ester was then distilled under 20 mm, 
pressure, when it boiled at 74°. Analysis presented the difficulties 
previously encountered when dealing with triazo-derivatives of the 
aliphatic series, and we are indebted to Mr. H. Droop Richmond for 
the estimation of nitrogen in the ester and its parent alcohol : 

03490 gave 64°6 c.c. N, at 20° and 750°5 mm,, along with 0°04447 

of ammonia. N=21'25 as gas; 10°49 as NH, ; total, 31:74. 
C,H,O,N, requires N = 32:56 per cent, 

Triazoethyl acetate is a colourless, limpid liquid, with an odour 
much more pronounced than that of the isomeric ethyl triazoacetate, 
resembling more closely the perfume of ethyl acetate in both character 
and intensity ; it has ,the specific gravity 1:126 compared with water 
at 24°, Detonation does not occur when the ester is dropped on a hot 
iron plate, the globules merely vaporising. Nitrogen is liberated 
from the substance by stannous chloride, ammonium sulphide, and 
concentrated sulphuric acid. 


Triazoethyl p-Nitrobenzoate, NO,*C,H,°CO,°C,H,N,. 


On mixing 9 grams of triazoethyl alecohel with 18 grams of p-nitro- 
benzoyl chloride, the temperature rose, and chloroform was therefore trans 
added, when the gently warmed solution continued to evolve hydrogen 75°, | 
chloride during two or three howrs ; after spontaneous evaporation of 
the solvent, 15 grams of rhombic plates had separated, and recrystal- 
lisation from a moderate quantity of hot absolute alcohol yielded the 
ester in lustrous, yellow leaflets, melting at 82°: 


I 
01774 gave 36°5 c.c. N, at 24° and 770 mm. N=23-40. Pies 
C,H,O.N, requires N = 23°73 per cent. It is 


The substance dissolves readily in benzene, more sparingly in alcohol sparin 
or petroleem. Concentrated sulphuric acid liberates nitrogen yery nodul 


slowly, and stannous chloride only on heating the solution, 
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p-Aminobenzoyloxyethylamine, NH,*C,H,*CO,°C,H,NH,,. 


Five grams of triazoethy] p-nitrobenzoate suspended in 50 cc. of 
concentrated hydrochloric acid and 50 ¢.c. of absolute alcohol were 
treated with 15 grams of tin-foil at a temperature below 35° ; reduc- 
tion was complete in thirty minutes, and, under these conditions, the 
amount of nitrogen liberated was negligible, although considerable 
effervescence takes place above 40°. It would thus appear that 
eliminaticn of two-thirds the azidic nitrogen may result in producing 
either the element or ammonia, and a similar observation was made 
in using aluminium amalgam, which gave rise to torrents of ammonia 
and an unsatisfactory product of reduction. The liquid having been 
filtered through glass wool, tin was precipitated by hydrogen sulphide, 
the filtrate concentrated under reduced pressure to 300 e¢,c., and 
treated with lead carbonate, the filtrate from which was evaporated to 
half its original bulk in presence of freshly precipitated lead oxide ; 
the last traces of hydrochloric acid were thus removed, and, on 
evaporating the colourless filtrate by steam and completing the 
concentration in a vacuum desiccator, the syrupy residue solidified to 
lustrous, white plates. The drained product was recrystallised from 
the minimum quantity of hot water, which deposited lustrous, 
thombic plates, melting somewhat indefinitely at 78°; the yield 
approximated to 3°5 grams: 

02438 gave 0°4895 CO, and 0°1592 H,O. C=54:'76; H=7:25. 
02269 ,, 276 c.c. N, at 20° and 766 mm. N=14-06. 
(,H,,0,N,,H,O requires C=54:'54; H=7:07; N=14:14 per cent. 


The base therefore contains water of crystallisation, and in this 
form is readily soluble in water and in alcohol, but insoluble in 
petroleum. The crystals have a faint red tinge, but they remain 
transparent and do not darken when exposed to air; when heated at 
75°, however, the lustre is quickly lost, and by gradually raising the 
temperature to 105° the water of crystallisation is entirely removed : 
0:1686 gave 22:9 c.c. N, at 21° and 768 mm. N= 15°63. 
C,H,,0,N, requires N = 15°55 per cent. 
In the anhydrous condition, the substance melts at 122°5° without 
decomposing, shrinking slightly a few degrees below this temperature. 
lt is readily soluble in alcohol, moderately so in acetone, and very 
sparingly so in boiling benzene, from which it separates in minute 
nodules ; chloroform and petroleum appear to have no solvent action. 
The hydrochloride is hygroscopic, and devoid of characteristic 
physiological effect. 
The picrate is moderately soluble in alcohol, and crystallises in 


al -_ 
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somewhat indefinite nodules, melting at 172—175°, according to the 
rate at which the temperature is raised : 
0°1631 gave 23-9 c.c. N, at 21° and 768mm. N=16°86. 
C,H,,0,N,,C;H,O,N, requires N=17'11 per cent. 
C,H,,0,N.,2C,H,0,.N, , N=1755 ,,_,, 
The dibenzoyl derivative was prepared by the Schotten-Baumann 
process : 
01826 gave 12°0 c.c. N, at 24° and 761mm. N=7°38, 
C,,H,,O0,N, requires N = 7°22 per cent. 
The substance crystallises from acetone in silky needles, and melts 
at 212° without decomposing. 


Triazoacetaldehyde, N.*CH,*CH:O. 


The chloroacetaldehyde hydrate was prepared according to the 
directions of Natterer (.Jonatsh., 1882, 3, 442), and when mixed with 
sodium azide formed a paste which exploded mildly on heating, 
leaving a charred mass, Twenty grams of the hydrate were then 
heated at 69° with 15 grams of sodium azide in 60 c.c. of water, the 
clear, colourless solution becoming suddenly pink and then turbid; 
on the appearance of gas in small quantities, heating was discontinued, 
and, after forty-eight hours at the laboratory temperature, the sus- 
pended oil was extracted with ether and dried by calcium chloride. 
It was impossible, however, to purify the substance further. Op 
attempting to distil under a pressure of 4 mm., an ominous rush of 
gas took place, containing a large proportion of hydrazoic acid, and it 
was therefore considered dangerous to heat the substance above 80°, 
at which temperature the distillation had not begun. 

Although its highly unstable character precludes an extended 
investigation, there seems no doubt that the substance is triazo- 
acetaldehyde. The oily liquid is heavier than water, in which it is 
moderately soluble, and is miscible with organic liquids; it has a 
faint odour recalling that of chloroacetaldehyde hydrate, and the 
inhaled vapour produces the throbbing sensation which has become 
familar in connexion with the triazo-complex, followed by an obstinate 
headache suggesting that which accompanies hydrazoic acid poisoning. 
When preserved in the desiccator, triazoacetaldehyde quickly becomes 
dark yellow, and liberates hydrazoic acid, making it impossible to 
determine whether the oil consists of the aldehyde or its hydrate 
Thrown on a hot plate, the substance explodes very mildly, in this 
respect resembling triazoacetone, and the behaviour of the latter is 
further recalled by the action of aqueous potassium hydroxide, which 
liberates nitrogen and ammonia in torrents, concurrently eliminating 
hydrazoic acid. ‘Triazoacetaldehyde reduces Fehling’s solution and 
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ammoniacal silver oxide immediately, but does not give an insoluble 
compound with sodium hydrogen sulphite; moreover, it has not 
been possible to isclate derivatives with hydroxylamine, phenyl- 
hydrazine, or p-bromophenylhydrazine, owing to the readiness with 
which hydrazoic acid is removed. Semicarbazide behaves in corre- 
sponding fashion, producing the characteristic bis-semicarbazone of 
gloxal, the change being analogous to the one by which triazoacetone 
is converted into the bis-semicarbazone of methylgloxal (this vol., p. 83). 


Royal CoLLeGE oF ScIENcE, Lonpon, 
SourH KENsIneTon, 8S. W. 


CLXXXVIL—Eaperiments on the Synthesis of the Ter- 
penes. Part I (continued). Resolution of dl-1-Methyl- 
Al-cyclohexene-4-carboxylic Acid and Synthesis of the 
Optically Active Modifications of Terpineol. 

By Kenneto Fisuer and WititAmM Henry PERKIN, jun. 


Iv Part I of this series of researches (Trans., 1904, 85, 657), it was 
shown that dl-terpineol is produced when ethyl dl-1-methyl-A1-cyclo- 
hexene-4-carboxylate is treated with magnesium methyl iodide, 

(Me OH CH? > CH-00, Kt a OMe< Oi cH > CH OMe, OH, 
and, since d/-terpineol yields d/-limonene (dipentene) by elimination of 
water and terpin by hydration, the synthesis of the whole of this 
important group is now complete. The next step was to attempt the 
synthesis of the optically active modifications of terpineol and limonene, 
but, owing to the difficulty of preparing dl-1-methy]-A!-cyclohexene-4- 
carboxylic acid in quantity sufficient for resolution, the attempt had, 
at that time, to be abandoned. The first synthesis of an optically 
active menthenol and the corresponding menthadiene was subsequently 
realised with the aid of dl-1-methy]-A*-cyclohexene-4-carboxylic acid, 


CH,—CHx_,, 
CHMe< 4°. CH, >CH:C0,H, 


which was selected because it could be obtained in larger quantities 
than the A!-acid, and, indeed, than any other acid of this group (Trans., 
1906, 89, 839). 

Experiment showed that this acid is readily resolved into its d- and 
Imodifications by the fractional crystallisation of the brucine and 
strychnine salts in the usual manner. The esters of the d- and Lacids 


ee 
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yield, on treatment with magnesium methyl iodide, the corresponding 
d- and /-A°-p-menthenols, and from the d-menthenol, d-A**”'-p-men. 
thadiene was prepared by the dehydrating action of magnesium methyl 
iodide. The rotatory powers of these substances are appended for 
comparison with the results described in the present communication, 


[2]... 
d-1-Methy]-A*-cyclohexene-4-carboxylic acid ........ sees +101°1° It 
1-1-Methyl-A*-cyclohexene-4-carboxylic acid... ......6000s —100°8 in 
Ethy] d-1-methyleyclohexenccarboxylate...........sseseeeee +86°5 

. », ?-1-methyleyc/ohexenecarboxylate ............+2+es0008 ~— 83°5 
A EIEN, go coisas dos uscaddedenddévncanopbemmsusaaeed +65°0 (cale, aC 
PUNY in0 ha sc cu wethenabs 4+ -dpdenatentapadesanion ~ 67°3 he 
NF PRINS i cies caida i.ncesensonncccneiacasacsnees +98°2 


Quite recently (Meldrum and Perkin, Trans., 1908, 93, 1417),anew 
method was discovered which has made it possible to prepare 
dl-1-methyl- !-eyclohexene-4-carboxylic acid in larger quantities than 
before, and, in possession of about 75 grams of this acid, we have 
carried out a series of preliminary experiments on its resolution and 
conversion into the optically active terpineols. 

When combined with strychnine and brucine, dl-1-methy]-A'-cyclo. 
hexene 4-carboxylic acid, 

CMe< oi cH? >CH-CO,H, 
shows the behaviour which was observed in the case of di/-1-methyl- 
A®-cyclohexene-4-carboxylic acid, that is to say, the strychnine salt, 
IBdA, is less soluble than the salt 7B/A, whereas the solubilities of 
the brucine salts are in the reverse order, the salt 7B/A being the less 
soluble. By taking advantage of this behaviour, we have been able to 
resolve d/-1-methyl-A'-cyclohexenecarboxylic acid into its optically 
active modifications, and have obtained the d-acid with [a], +55°, and 
the l-acid with [a],, — 58°. 

Comparison with the above table shows that the rotations of the 
active modifications of this A!-acid are much lower than those of the 
corresponding A®-acid. ra 

The esters of the d- and /-A'-acids were next prepared, and were 
found to have [a], +50° and ~52° respectively. When these esters 
were treated with magnesium methyl iodide at the ordinary tempera 
ture, they were converted quantitatively into the corresponding 
optically active terpineols, 

CMe< rp oH >CH-OMe, OH, 
which melted sharply at 35°, and had [a], +44°2° and —46°6°. 

Active terpineols of very varying rotations have been isolated from 
essential oils. Thus /-terpineol from niaouli-oil has a rotation of 
[a], —2°10' (Bertrand, Budl, Soc, chim., 1893, [iii], 9, 436), whereas 
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Qchimmel & Co. (Berichte von Schimmel «& Co., 1897, 9) obtained a 
d-terpineol from cardamom oil with the high rotation [a], + 83°31’. 
Ertschikowsky (Ber., 1896, 29, 887) describes an /-terpineol, pre- 
pared from pinene, with a rotation as high as [a], —117°5°. 

In view of the fact that the synthetical d- and /-terpineols described 
in the present communication have rotations of only about [ a], + 46°, 
it is necessary that the whole matter should be systematically 
investigated, and experiments with this object are in progress. 

We have, however, been unsuccessful in our attempts to convert these 
active terpineols into the corresponding optically active limonenes. It 
has already been mentioned (p. 1872) that d-A*'**-p-menthadiene is 
readily obtained by the dehydrating action of magnesium methyl 
iodide on pho aie : 

CHM oH cH > CMe, OH —> 


Pan CHC OMe:CH,, 
and, as the rotation of the hydrocarbon obtained was [a], +98°2°, it 
is unlikely that racemisation can have taken place to any considerable 
extent, at all events, during its formation. When the experiment was 
carried out under exactly the same conditions with /-A'-p-menthenol(8) 
(-terpineol), having [a], —46°6°, we were surprised to find that 
racemisation was almost complete, since the hydrocarbon, which was 
obtained in an almost quantitative yield, had a rotation of only 
[a], —5°, and consisted essentially of dipentene. It is very remark- 
able that racemisation should take place to this extent during the 
elimination of water by the action of magnesium methyl iodide in the 
cold, and it is, furthermore, very difficult to find any explanation for 
the great differeree exhibited by A*-p-menthenol(8) and the 
A\isomeride in this respect. In order, if possible, to avoid this 
racemisation, we employed in the case of d-A!-p-menthenol(8) 
(d-terpineol of [a], +44:2°) anhydrous oxalic acid at 100°, but 
racemisation was even more complete under these conditions, since the 
hydrocarbon obtained had a rotation of only [a], —2°, and was, in 
fact, almost pure dipentene. 


CHMe< 


Resolution of dl-1-Meth 4 . i cliai Acid, 
Ze 
OMe<Cir -c - H HS cn: ‘CO,H. 


In carrying out this resolution, the pure acid (25 grams) was 
suspended in boiling water (1°5 litres), exactly neutralised with 
sodium carbonate, and then mixed with a boiling concentrated 
alcoholic solution of the acid (25 grams) and brucine (105 grams), 
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The solution was then evaporated on the water-bath, with the 
addition from time to time of small quantities of water, until the 
alcohol had been removed. During this operation, the brucine salt 
commences to separate, and, after remaining for twenty-four hours, this 
was collected and decomposed by warming with excess of sodium 
carbonate. 

The acid, which separated on acidification, had a rotation of 
[a], — 247°, and was treated again with sodium carbonate and brucine 
under exactly the some conditions. After repeating the operation 
several times, an acid was obtained, which, on crystallisation from 
light petroleum, melted at about 99°, and had the rotation [a], —58° 

Since the experiment preceding this had yielded an acid of rotation 
[a], —55°, it did not seem probable that further treatment with 
brucine and sodium carbonate would alter the rotation to any con- 
siderable extent. The acids of low rotation obtained during the 
intermediate stages of the resolution were many times systematically 
treated with sodium carbonate and brucine in order to extract as much 
of the /-acid as possible. In this way, a considerable quantity of the 
d-acid accumulated, which had a rotation of about [a], + 28°, and this 
was now subjected to repeated treatment with sodium carbonate 
and strychnine. Since strychnine and the strychnine salt of the acid 
are much less soluble in dilute alcohol than brucine or the brucine salt, 
it was necessary to employ more alcohol, and to be careful that the 
strychnine used was freshly precipitated and in as fine a state of 
division as possible. By repeating the resolution with strychnine a 
large number of times, an acid was ultimately obtained which melted 
at about 99°, and had [a], +55°: 

0°1388 gave 0°3485 CO, and 0°1077 H,O. C=685; H=877. 

C,H,,0, requires C = 68°6 ; H=8°6 per cent. 


H-CH 
H,-CH.> CH CMe, 0H. 
In carrying out the synthesis of /-terpineol, ethyl /-1-methyl-A!-cyclo- 
hexenecarboxylate was first prepared by leaving the acid (20 grams 
of rotation —58°) in contact with alcohol (150 c.c.) and sulphuric 
acid (10 c.c.) at the ordinary temperature for four days. The 
product was dissolved in two volumes of ether, mixed with 
water, the ethereal solution well washed with dilute sodium car- 
bonate, dried, and fractionated, when the whole quantity passed over 
at 145—147°/100 mm., the yield being almost quantitative : 
0:1483 gave 0°3880 CO, and 0:1296 H,O. C=71:3; H=97%. 
C,,H,,9, requires C=71°4 ; H=9°'5 per cent. 
Obtained in this way, ethy] -1-methyl-A!-cyclohexenecarboxylate had & 


Synthesis of A- and 1-Terpineol, OMe<f, 


‘ 
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the rotation of !a], - 52°. In order to prepare the corresponding /-terpineol, 
the the ester (20 grams) was gradually added to an ethereal solution of 
alt magnesium methyl iodide (containing 11 grams of magnesium), care 
his being taken to avoid any rise of temperature. 
am After twenty-four hours, the product was decomposed by water and 


dilute hydrochloric acid, the ethereal solution washed well, evaporated, 
and the residual oil mixed with alcoholic potash (KOH=5 grams) 
ine and left for twenty-four hours. Water was then added, the oil 
ion extracted with ether, the ethereal solution washed, dried, and evapor- 


om ated, and the residue fractionated, when almost the whole quantity 
2 passed over at 109—-110° (15 mm.) and, on remaining in the ice-chest 
ion fora few days, became almost solid. The mass was left in contact 
ith with porous porcelain until quite dry, and then analysed : 

on- 01016 gave 0°2882 CO, and 0°1050 H,O. C=77:4; H=11°5. 


he C,,H,,0 requires C=77°9; H=11°7 per cent. 

This synthetical l-terpineol possessed the characteristic odour of lilac, 
ch melted sharply at 35°, and had [a], — 46°6°. 

After a preliminary experiment had shown that dl-terpineol is 
converted almost quantitatively into dipentene when it is left in 
ite contact with an excess of magnesium methyl iodide for four days, this 
method of elimination of water was tried in the present case, as it was 
thought that, by working at the ordinary temperature, risk of racemisa- 
tion would be avoided. J/-Terpineol (20 grams) was gradually added 
to an ethereal solution of magnesium methyl iodide containing 
12 grams of magnesium, and, after remaining for four days at the 
ordinary temperature, the product was decomposed by water and 
dilute hydrochloric acid, the ethereal solution washed well, dried, 
evaporated, and the oil fractionated, when almost the whole quantity 
passed over at 179—180°/760 mm. After distillation over sodium, 
this hydrocarbon had a rotation of only [a],,-—5°2°, and examination 
showed that it consisted essentially of dipentene. 


In the experiments on the synthesis of d-terpineol, d-1-methy]l- 
cyclobexenecarboxylate was prepared from the d-acid ({a],, +55°) in the 
ns manner described in the case of the /-modification, and found to distil 
‘le at 145—147°/100 mm : 

01915 gave 04975 CO, and 0°1660 H,O. C=70-9; H=9°6. 
C,,H,,0, requires C=71:4; H=9°5 per cent. 

The specimen of ethyl d-1-methyl-A!-cyclohexenecarboxylute obtained 
in this way had a rotation of [a], +50°. In preparing d-terpineol, 
this ester (15 grams) was treated with magnesium methyl] iodide, 
containing 10 grams of magnesium, in the manner described in the 
case of the /-modification. It distilled at 109—110°/15 mm., and, 
When left in the ice-chest, gradually crystallised. The crystals, after 


ee 
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draining on porous porcelain, melted at 33—35°, and had [a], +44-%, 
In the hope of obtaining d-limonene by the elimination of water, 
dterpineol (10 grams) was heated with anhydrous oxalic agij 
(15 grams) on the water-bath for six hours. The yellow product was 
mixed with water, extracted with ether, the ethereal solution dried, 
evaporated, and the residue fractionated, when about one-third 
distilled at 112—114°/100 mm. This hydrocarbon had a rotation of 
only [a], — 2°, so that racemisation had not only been complete, but 
the sign had apparently also been changed to a slight extent, 
Examination showed that this hydrocarbon was almost pure di- 
pentene. The high boiling residue in the distilling flask consisted, 
in part at least, of the oxalic ester of terpineol, and this residue 
was found to be also inactive. 


The authors wish to thank Messrs. F. W. Kay and W. N. Haworth 
for valuable assistance, and they also wish to state that much of the 
heavy expense of this investigation was covered by grants from the 
Research Funds of the Royal Society and the Chemical Society, 
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CLXXXVIIL—Laperiments on the Synthesis of the & (w. 
Terpenes. Part XIII. Synthesis of isoCarvestrene > 
(A°-m-Menthadiene) and its Derivatives. 7 


By Kennet FisHer and WitiiamM Henry Perkin, jun. 


Durine last year (Perkin and Tattersall, Trans., 1907, 91, 480) 
an account was published of a series of experiments which resulted 
in the synthesis of carvestrene, 


Th 
vestr 
subse 


To" syntl 

CHG OH CH CMe:CH,, re 

¥ Classi 

and several of its more important derivatives, and, as the methods Ans 
employed during that research have a direct bearing on the present W 


communication, the course of that synthesis may be briefly sketched 
in the following way. In the first place, m-hydroxybenzoic acid 
was reduced by sodium and alcohol to cyclohexanol-3-carboxylie acid ‘ 

(1), which, on oxidation with chromic acid, yielded cyclohexanone-s- — 
carboxylic acid (II). By the action of magnesium methyl iodide on The 
the ester of this acid, 1-methyleyclohexan-1-ol-3-earboxylie acid (I!) 


still ; 
not | 


v¢ 
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was obtained, and was next converted by treatment with hydro- 
promic acid into 1-bromo-1-methyleyc/ohexane-3-carboxylic acid (IV). 
When this bromo-acid was digested with pyridine, it was de- 
composed with elimination of hydrogen bromide and formation of 
|-wethyl-A!-eyclohexene-3-carboxylic acid (V), the ester of which was 
converted into Al-m-menthenol(8) or dihydrocarvestrenol (VI) by the 
action of magnesium methy! iodide. 

A')-m-Menthadiene or carvestrene (VII) was finally obtained when 
dihydrocarvestrenol was digested with potassium hydrogen sulphate. 


CH(OH):CH, ' wy —CO—CH, oN 
(I.) (II.) 
yc oMe(OH)'CH ey <7 CMeBr-CHN, gy, 
cH < oH oH CH CO,H CH, ScH,—cH>CH CO,H 
~ (IIL) (IV.) 
OMe:C H . re 
OHO cH, CE CO,H CHS<oy-cH, > CH CMe,:OH 
(V.) (VI.) 


: a 
CH,<on,-cH,7 OH CMe:CH,,. 


(VIL.) 

The properties of carvestrene which have a direct bearing on the 
present communication are the following. Carvestrene distils at 
179°, gives a violet coloration when sulphuric acid is added to its 
solution in acetic anhydride, and combines with hydrogen chloride 
and hydrogen bromide to form carvestrene trans-dihydrochloride, 
C,H,,2HCl (m. p. 52°5°), and trans-dihydrobromide, C,,H,,,2HBr 
(m. p. 48—-50°), respectively. Dihydrocarvestrenol, C,)H,,-OH, 
distils at 105—108°/30 mm., and is converted by shaking with dilute 
sulphuric acid into cis-tetrahydrocarvestrenediol (m. p. 94°), 

CH OH oH >CH-CMe, OH. 

The corresponding ¢trans-modification, obtained from trans-car- 
vestrene dihydrobromide by treatment with silver acetate and 
subsequent hydrolysis, melts at 127°. A direct comparison of these 
synthetical products with the actual specimens of carvestrene and its 
derivatives prepared -by Baeyer (Ber., 1894, 27, 3486) during his 
classical researches on this hydrocarbon, proved conclusively that they 
were identical. 

With the single exception of sylvestrene, the constitution of which 
‘till remains to be proved, the terpenes of the m-menthadiene series do 
not appear to occur in essential oils, and, as they possess many 
properties of great interest, it seemed important to attempt to prepare 
some, at all events, of the unknown members, by synthetical means. 
The present communication contains an account of the synthesis of 
VOL. XCIII. 61 
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A*'*-m-menthadiene (VIII), for which, on account of its very clog 
relationship to carvestrene (IX), we propose the name isocarvestreng: 


ww —CMe'CH,x,,,, CMe: CH oor 
CH<Gy,- CH HOCH: OMe:CH, CH, <q, cH, CH CMe:CH, 
"(VILL ) (IX, ) 


~ A short time since (Kay and Perkin, Trans., 1906, 89, 1647), it was 
shown that ethyl cyc/ohexanone-2 : 4-dicarboxylate is readily obtained 
when sodium reacts with ethyl pentane-aye-tricarboxylate : 
CO,Et'CH,°CH, — =2Et)- ca , 
CO, Ft-CH,-CH DO CH'CO,Et —> COCoq CHC, Rt 

We now find - the sodium pra itty of this ester is converted 
quantitatively by treatment with methyl iodide into ethyl 1-methy/. 
cyclohexan-6-one-1 : 3-dicarboxylate, and that this ester is decom- 
posed on hydrolysis with formation of 1-methylcyclohexan-6-one-3- 
carboxylic acid : 


go a ahs >CH-CO, kt —>00C 6H OH >CH-CO, 


This new cael es at 94—96°, yields an oxime (m. p. 172°) 
and a semicarbazone (m. p. 200°), and, when reduced by sodium 
amalgam, is converted into a mixture of the cis- and ¢rans-moditications 
of 1-methyleyclohexan-6-ol-3-carborylic acid : 


OH CH Me'CH, CO, H OH CHMe:CH, H 
| | 
C Nb aa Of No 
i\ +N a 
H “CH,—CH, H WH CH,—-CH,” 0,1 


(cis=.) (trans-.) 
in which the latter greatly predominates. The cis-acid melts at 
141°, yields a /actone (m. p. 46°), and, when treated with hydrobromic 
acid, is converted into cis-6-bromo-1-methylcyclohexane-3-carborylic 
acid (m. p. 53°): 

Br CHMe'CH, CO,H 

J *s ‘ 

uA fs 

H CH,—-CH, H 
The trans-hydroxy-acid melts at 115—117°, and also reacts readily 
with hydrobromic acid, but the trans-6-bromo-l-methylcycloherane-3- 
carboxylic acid thus produced is a syrup. 
When the mixture of the cis- and trans-modifications of 6-bromo-l- 
methyleyclohexane-3-carboxylic acid, obtained by the action of hydro- 
bromic acid on the product of the reduction of 1-methyleyclohexan-6- 
one-3-carboxylic acid, is esterified and digested with diethylaniline, 
hydrogen bromide is eliminate1 with the formation of ethyl 1- methyl- 
A°-cyclohexene-3-carboxylate (b. p. 146°/100 mim.), which on hydrolysis 
yields the free acid (b. p. 184°/100 mm.), The elimination of hydrogen 


‘ 
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bromide from 6-bromo-1-methyleyc/ohexanecarboxylic acid may take 
place in the two following directions : 
et, a CHC: -CO,H —> CH< oH CH’ ->CH-CO,H 


1-Methyl- A*.cyclohexene-3- 
carboxylic acid. 


CHBr<Gy 


CH MeCH.~. 
CH< oy — on CH-COLH. 


1-Methyl-A5-cyc Diieetai 
carboxylic acid. 


or 


In order to decide between these two possibilities, a long series of 
oxidation experiments with ozone, permanganate, and nitric acid was 
undertaken, but the products in all these cases were syrups which we 
were unable to purify. We found, however, that the syrupy product 
obtained when the unsaturated acid was treated with ozone is a 
ketonic acid, and this is strong evidence in favour of the presence of 
the group ~CH:CMe-. Fortunately, as the research developed, we 
were able to obtain indirect evidence which conclusively demonstrated 
that the product of the elimination of hydrogen bromide from 6-bromo- 
]-methyleyclohexane-3-carboxylic acid is 1-methyl-A°-cyclohexene-3- 
carboxylic acid, Furthermore, the fractional crystallisation and 
analysis of the calcium salt of the unsaturated acid (p. 1887) proved 
that it did not contain the other isomeride, even in small quantities, 
When ethyl 1-methyl-A®-cyclohexene-3-carboxylate is added to an 
ethereal solution of magnesium methyl iodide, it is quantitatively 
converted into dihydroisocarvestrenol or A®°-m-menthenol(8) : 

ACMe:CH, CMe:-CH, 
‘NCH, -CH, CH,-CH, 
This interesting substance has the penetrating odour of peppermint 
and terpineol characteristic of its class; it distils at 106°/20 mm., 
and yields a nitrosochloride, melting at 125°. It reacts also with 
hydrogen chloride and bromide, yielding a dihydr — C,,H,,.2HCI, 
and a dihydrobromide, C,)H,,,2HBr, which melt at 525° and 48—49° 
respectively, and careful comparison has shown that these halogen 
derivatives are identical with carvestrene dihydrochloride, 


] H, 
CH <GH, Me: OH 


cCH< ?>CH:CO,Et —> CH< 2 >CH:CMe,OH. 


?>CH'CMe, Cl, 


and carvestrene dinydrobromide. 
Furthermore, dihydroisocarvestrenol is converted by the prolonged 
action of dilute sulphuric acid into cis-tetrahydrocarvestrendiol (m. p. 94° 


CH <r OH H-CMe,-OH. 


These important senstione prove in a striking manner the position 
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of the double linking, not only in dihydrotsocarvestrenol, but also in 
1-methy]-A°-cyclohexene-3-carboxylic acid. 
Remarkable results were obtained during the investigation of the 
products of the elimination of water from dihydrotsocarvestrenol. 
This elimination takes place very readily when the tertiary alcoho] 
is left in contact with a large excess of magnesium methy! iodide 
at the ordinary temperature, and results in the formation of igo. 
carvestrene (b. p. 176—177°/765 mm.) and a diterpene, C,,H,,, b. p, 
188—190°/20 mm., which we have named diisocarvestrene. 
isoCarvestrene has been very carefully investigated, and it js 
pointed out in the experimental part (p. 1891) that it exhibits quite 
unexpected properties both from a physical and chemical point of 
view. The determination of its refractive power has yielded results 
which are very high, and agree better with those characteristic of 
a terpene containing conjugated double linkings than with those 
of the hydrocarbon of the formula 
CMe-CH ‘ 
CH<oy -CH > CH CMe:CH,, 
which should result from the elimination of water from dihydroiso- 
carvestrenol. Another remarkable point is the fact that, although 
dihydroisocarvestrenol reacts so readily with halogen acids to yield 
derivatives of carvestrene, these derivatives are not produced by 
the action of halogen acids on isocarvestrene. The hydrocarbon, 
on the contrary, appears to behave towards bromine and halogen acids 
in the way characteristic of a terpene containing conjugated double 
linkings (compare p. 1891).: 


1- Methyleyclohexan-6-one-3-carboxylic Acid, 
COC OH > CHCO,H. 

The starting point in the synthesis of this keto-acid was ethyl 
cyclohexanone-2 : 4-dicarboxylate, which was prepared by the action of 
sodium on ethyl pentane-aye-tricarboxylate by the method described 
by Kay and Perkin (Trans., 1906, 89, 1647). This keto-ester 
(24 grams) was mixed with a solution of sodium (2°3 grams) in methyl 
alcohol, cooled well, and then methyl iodide (17 grams) gradually 
added. After remaining overnight, the product, which was quite 
neutral, was mixed with water, extracted with ether, the ethereal 
solution washed with water, evaporated, and the residual oil hydrolysed 
by boiling with dilute sulphuric acid (10 per cent.) for several hours 
and until the evolution of carbon dioxide had completely ceased. The 
product was saturated with ammonium sulphate, repeatedly extracted 
with ether, the ethereal solution dried and evaporated, when a sy™P 
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remained which, especially when rubbed with a rod, rapidly erystal- 
jised. The mass was left in contact with porous porcelain until 
free from oil, and the colourless residue recrystallised from ether. 
A further quantity of solid was obtained by extracting the porous 
porcelain in @ Soxhlet apparatus and fractionating the extract, 
when a quantity of oil distilled at 190—200°/20 mm. and crystallised 
on cooling : 
0'1520 gave 0°3438 CO, and 01060 H,O. C=61:'7; H=7°7. 
C,H,,0, requires C=61°5 ; H=7'7 per cent. 
1-Methylcyclohexan-6-one-3-carboxylic acid melts at 93—94°, and 
js sparingly soluble in dry ether or light petroleum; it dissolves 
readily in alcohol, benzene, chloroform, or hot water, but is much less 
soluble in cold water. It crystallises from ether in crusts, from a 
mixture of benzene and light petroleum in groups of irregular plates, 
and from water in hard, glistening, six-sided plates. 
In order to determine whether the acid (like the parent substance, 
cyclohexanone-4-carboxylic acid: Trans., 1904, 85, 426) crystallises 
with water, a specimen was crystallised from water, and, after remaining 
in the air for several days, the analysis : 
01453 gave 0°3279 CO, and 0°1038 H,O. C=61:5; H=7-9 per cent, 
showed that the acid was anhydrous. The basicity of the acid was 
determined by titration with decinormal sodium hydroxide, when 
00775 neutralised 5-0 c.c., whereas this amount of a monobasic acid, 
ble (,H,,0,, should neutralise 4°97 c.c. The neutral solution of the 
ammonium salt of the acid showed the following behaviour with 
reagents. The addition of barium or calcium chlorides, or lead or 
copper acetates, gave no precipitate even on boiling, but, on the 
addition of silver nitrate, the si/ver salt separated as a crystalline 
precipitate, which is readily soluble in hot water, and separates, on 
cooling, as a satiny mass of crystals somewhat like silver acetate. 
The ovime.—This derivative was prepared by dissolving the acid 
| in excess of aqueous potassium hydroxide and adding hydroxylamine 
bed hydrochloride. 
ter After two days, the solution was acidified with dilute hydrochloric 
byl acid, when a white, chalky precipitate separated, which was collected 
ally and crystallised from water : 
0:1372 gave 9°5 c.c. N, at 16° and 762 mm. N-=8'l. 
real C,H,,0,N requires N = 8°2 per cent. 
ysed This oxime softens at about 165°, and melts at 171—172°; it 
ours is rather sparingly soluble in cold, but readily so in hot, water, and 
‘eparates, when the solution is allowed to cool slowly, in glistening 
cted needles grouped in stars, 
yrup The semicarbazone separates at once as a granular precipitate when 
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the dilute aqueous solution of the acid is mixed with semicarbazide el 
hydrochloride and sodium acetate. The precipitate was collected, ct 
washed, and recrystallised from much water, from which it is deposited s0 
in minute crystals ; it may also be erystallised from alcohol, in which pl 
it is sparingly soluble. When rapidly heated, it softens at 195° and ut 
melts at about 200° with decomposition : df 
0°1626 gave 27°8 c.c. N, at 16° and 762 mm. N=20°0, 
C,H,,0,N, requires N = 19-7 per cent. hy 
(si 
trans-1-Methyleyclohexan-6-ol-3-carbowylic Acid, . 
re: CHMe-CH,. *) br 
¢ "3 = JX evi 
H ‘CH,-——CH,’ (C0,H on 
In preparing this acid, 1-methyleyclohexan-6-one-3-carboxylie acid pe 
is dissolved in as little sodium carbonate as possible, and _ treated, 
in a wide bottle fitted with a mechanical stirrer, with three times the - 
theoretical arcount of freshly-prepared sodium amalgam (3 per cent.), 
The amalgam was added in about six portions during eight hours, 
and hydrochloric acid run in from time to time in order to neutralise 
most of the alkali as it was formed, but the solution was always kept 
distinctly alkaline. The product was acidified, extracted ten times 
with ether on the machine, the ethereal solution dried, evaporated, and 
the residual syrup again reduced in the same way.* After the second an: 
reduction and extraction, the syrupy acid generally became semi-solid, 
and, in contact with porous porcelain, a colourless mass was obtained, = 
which, after crystallisation from ether, gave the following results on the 
analysis : but 
0:1377 gave 0°3067 CO, and 01115 H,O, C=60-7; H=9°0. of t 
O.H,,0, requires C =60°8; H =8'8 per cent. ulti 
This formula was controlled by titration with decinormal sodium i) 
hydroxide, when 0°0796 required 5:05 c.c. for neutralisation, whereas of h 
this amount of a monobasic acid, C,H,,0,, should neutralise 5°04 c.. batl 
trans-1-Methyleyclohexan-6-ol-3-carboxylic acid melts at 115—117, Wai 
is sparingly soluble in cold, but much more readily so in boiling, ethe 
ether, and separates when the solution is concentrated and allowed to | 
to stand, in hard crusts. It appears to be more soluble in warm The 
water than the cis-acid, and, unlike the latter, it usually takes pass 
several hours to crystallise, and then separates in stellate groups Was 
of flat needles. When the trans-hydroxy-acid (0°2 gram) is heated in disti 
a test-tube, it melts, and then distils without the least indication of one 
* If the amalgam employed is prepared from freshly-distilled mercury and clean acid, 
drie 


sodium, this second reduction is often unnecessary. 
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elimination of water or charring. In contact with a speck of the 
crystalline hydroxy-acid, the colourless, syrupy distillate rapidly 
solidifies, melts directly at 108—113°, and consists of the almost 
pure trans-acid, This experiment shows that the ftrans-acid distils 
under the ordinary pressure without the formation apparently even 
of traces of the lactone of the cis-acid. 

trans-6-Bromo-1-methylcyclohexane-3-carboxylic Acid.—The trans- 
hydroxy-acid dissolves readily in fuming aqueous hydrobromic acid 
(saturated at 0°}, and the solution remains clear, but, when gradually 
heated on the water-bath, it clouds and an oil separates. Since this 
oil did not crystallise even on long standing, water was added, the 
promo-acid extracted with ether, the ethereal solution dried and 
evaporated, when a syrup was obtained which contained about 34 per 
cent. of bromine, whereas the formula C,H,,0,Br requires 36:2 
per cent. 

In this behaviour with hydrobromic acid, the trans-acid differs, in a 
striking manner, from the corresponding cis-acid (p. 1885), 


cis-1-Methyleyclohexan-6-ol-3-carboxylic Acid, 
OH CO,H 


CG, 


anl its Lactone. 


It has already been mentioned (p. 1878) that the product of the 
reduction of 1-methyleyc/ohexan-6-one-3-carboxylic acid contains both 
the cis- and trans-moditications of 1-methyleyc/ohexanolearboxylic acid, 
but that the ¢rans-modification greatly predominates. The separation 
of the cis-acid proved, therefore, to be a matter of difficulty, and it was 
ultimately accomplished by the following indirect process. 

The crude mixture of hydroxy-acids was dissolved in 5 volumes 
of hydrobromic acid (saturated at 0°), and then heated on the water- 
bith until the separation of the oily bromo-acids was complete. 
Water was then added, the bromo-acids extracted with ether, the 
ethereal solution washed, dried, evaporated, and the residue heated 
to boiling with 3 volumes of anhydrous pyridine for two hours. 
The product was acidified and distilled in steam, when an oil (A) 
passed over, and, as soon as this ceased to condense, the flask 
was changed and the distillation continued so long as a distinetly acid 
distillate (B) passed over. The residue in the distillation flask yielded, 
on extraction with ether, considerable quantities of the ¢rans-hydroxy- 
acid. The distillate (A) was extracted with ether, the ethereal solution 
dried and evaporated, and the oily residue left in the ice-chest, when, 
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after some days, a quantity of crystals of the lactone of the cis-acid had 
separated and were collected. The filtrate, which consisted largely of 
1-methyl-A°-cyclohexene-3-carboxylic acid, was converted into the ester 
of the latter, and employed as such in the preparation of dihydroisocap. 


vestrenol (p. 1887). The lactone of the cis-acid was left in contact ! 
with porous porcelain until quite free from oil, and then crystallised of t 
from light petroleum (b. p. 35—40°): and 
0°1745 gave 0°4393 CO, and 0°1342 H,O. C=688; H=85, pro 
C,H,,0, requires C =68°6 ; H=8°6 per cent. oil 

The lactone of cis-l-methylcyclohexan-6-ol-3-carborylic acid melts at : 


46—47°, and is readily soluble in most organic solvents, but sparingly 
so in cold light petroleum. When boiled with water, it is hydrolysed 
only with great difficulty, and it is also only slowly attacked by dilute 
sodium carbonate. It dissolves readily in hot dilute potassium 
hydroxide, and, on acidifying and extracting with ether, a solid acid is 
obtained which, after recrystallisation from water, melts at 139—]4| 
and consists of pure cis-l1-methyleyclohexanolcarboxylic acid. The 
lactone dissolves in fuming hydrobromic acid (saturated at 0°), but 
decomposition takes place immediately ; the solution clouds and an oil 
separates on the surface of the acid, which sometimes crystallises at 
once and always in a few hours, and the mass, after contact with porous 
porcelain, melts at about 53° and consists of cis-6-bromo-1-methy)- 
cyclohexane-3-carboxylic acid (compare p. 1885). 

For the purpose of examination, some of the cis-methyleyc/ohexanol- 
carboxylic acid was obtained, as just explained, by the hydrolysis of 
the lactone, but the larger quantity was prepared from the steam 
distillate (2) (p. 1883). This was neutralised with sodium carbonate, 
evaporated to a small bulk, acidified, saturated with ammonium 
sulphate, and repeatedly extracted with much ether on the machine. 

After drying thoroughly and concentrating considerably, the 
crystalline acid commenced to deposit from the boiling solution, and, 
on standing, hard crusts separated : 

01705 gave 0°3789 CO, and 0:1342 H,O. C=606; H=87. 

C,H, ,O0, requires C= 60°38; H=8'8 per cent. 

The basicity of the acid was determined by titration with decinormal 
sodium hydroxide, when 0-0930 required 5°87 c.c. for neutralisation, 
whereas this amount of a monobasic acid, C,H,,0,, should neutralise 
5°89 c.e. 

cis- 1- Methyleyclohexan -6-ol-3-carboaxylic acid melts at about 
140—141°. It is comparatively sparingly soluble in cold water, 
but dissolves readily on warming, and separates, when the solution 
is allowed to cool slowly, in compact, stellate groups of needles. 

When the cis-acid is gently heated in a test-tube, it effervesces 
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owing to the escape of steam and an oil distils which, on cooling, 
erystallises and consists of the lactone, since, after contact with 
porous porcelain, it melts at about 40° and is insoluble in cold sodium 
carbonate. 

A curious result was obtained in an attempt to prepare the ester 
of the cis-acid. The acid (6 grams) was digested with alcohol (32 grams) 
and sulphuric acid (8 grams) for several hours on the water-bath, the 
product extracted in the usual way and fractionated, when an 
oil distilled at about 152°/100 mm. and gave the following results 
on analysis : 

0:1110 gave 0°2854 CO, and 0°0959 H,O. C=70:1; H=9°6. 

The ester of the cis-acid requires C=64:5; H=9-7 per cent., 
whereas the ester of 1-methyl-A°-cyc/ohexene-3-carboxylic acid (compare 
p. 1887) contains C=71°4; H=9°6 per cent., and distils at about 
146°/100 mm. There can therefore be no doubt that the oil obtained 
by the esterification of the cis-acid, under the above conditions, 
consists essentially of ethyl methylceyclohexenecarboxylate, water 
having been eliminated during the preparation. For the sake of 
comparison, the trans-hydroxy-acid was esterified under exactly the 
same conditions, and found to yield an ester distilling at about 
155—159°/30 mm. 

cis-6- Bromo-1-methylcyclohexane-3-carboxylic Acid.—This acid is most 
readily obtained from the lactone by the action of hydrobromic acid 
(p. 1884), but a considerable quantity was prepared directly from the 
cis-hydroxy-acid. This acid dissolves readily in fuming hydrobromic 
acid (saturated at 0°); the solution clouds almost immediately, 
and a syrup separates which sometimes crystallises at once, but 
usually only after several hours. ‘The crystals were collected, and left 
in contact with porous porcelain over solid potassium hydroxide 
until quite dry : 

01265 gave 01054 AgBr. Br= 35-5. 

C,H,,0,Br requires Br = 36-2 per cent. 
cis-6-Bromo-1-methylceyclohexane-3-carboxylic acid melts at about 53°, 
and is readily soluble in most solvents; it may be crystallised from 
formic acid, but with considerable Joss. 


1- Methyl-A®-cyclohexene-3-carboxylic Acid, 


CMe°CH.w, arin 
CH<oH-cH,- CH CO,H. 

This acid is produced, together with the lactone of cis-1-methyleyclo- 
hexan-6-ol-3-carboxylic acid, when crude 6-bromo-1-methyleyc/ohexane- 
dcarboxylic acid is digested with pyridine (p. 1884), but it is most 
‘onveniently prepared by the following process. 


» £4 
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The product of the action of hydrobromic acid on crude ]-methyl. 
cyclohexanolcarboxylic acid, obtained as described on p. 1883, is dis 
solved in three times its volume of 20 per cent. alcoholic sulphuric agjj 
and allowed to remain for several days. After pouring into water and 
extracting with ether, the ethereal solution is well washed, dried and 
evaporated, and the residue distilled under reduced pressure, when 
a considerable fraction is obtained, boiling up to 175°/100 mm., which 
consists of ethyl bromomethyleyclohexanecarboxylate containing some 
unsaturated ester. A higher fraction, distilling at about 155—1759| 
30 mm., is the crude hydroxy-ester, and is again treated with 
hydrobromic acid and converted into the bromo-ester. 

The bromo-ester is digested with five times its volume of diethyl. 
aniline for five hours, the product mixed with excess of dilute 
hydrochloric acid, extracted with ether, the ethereal solution well 
washed with dilute hydrochloric acid, dried, evaporated, and the 
residue several times fractionated, being thus separated into a viscid oil, 
probably the hydroxy-ester, distilling at 155—165°/30 mm., and ethyl 
1 -methyl-A"-cyclohewenecarboxylate, boiling at about 146°/100 mm. ; 

02396 gave 0°6230 CO, and 0:2040 H,O. C=70°9; H=9 5, 

C,,H,,0, requires C=71'4; H=9°5 per cent. 

This ester is readily hydrolysed by methyl-alcoholic potash in the 
cold, and, after remaining for twenty-four hours, the product is dilute’ 
with water, saturated with carbon dioxide, evaporated until free from 
methyl! alcohol, acidified, and extracted with pure ether. After carefully 
drying and evaporating, the ethereal solution yields an oil which 
distils constantly at 184—186°/100 mm. : 

0:2130 gave 0°5290 CO, and 01650 H,O. C=67'8; H=86. 

01704 ,, 04264 CO, ,, 01338 H,O. C=68:2; H=877, 

O,H,,0, requires C=68°5 ; H=8°6 per cent. 

1-Methyl-A°-cyclohexene-3-carboxylic acid is a viscid oil with an 
unpleasant odour, and reduces permanganate instantly in alkaline 
solution, It dissolves in fuming aqueous hydrobro ce acid, but 
the solution clouds almost immediately, and the bromo-acid separates 
as a colourless, oily layer. When oxidised in sodium carbonate 
solution with ozone, it yields a syrupy ketonic acid, which gives an 
immediate precipitate with p-bromophenylhydrazine acetate and 4 
separation of bromoform when mixed with potassium hypobromite. 

The calcium salt.—This salt was made by heating the acid (40 grams) 
on the water-bath with much water and excess of freshly-precipitated 
calcium carbonate, and, after filtering, the solution was concentrated 
considerably and allowed to stand, when the calcium salt separated in 
slender needles radiating from the sides of the containing vessel, or in 
balls of needles radiating from a centre. The salt was collected, left 
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in contact with porous porcelain in the air for several days, and then 
analysed : 

04108, heated at 130° until constant, lost 0:0850 H,O and gave 

01403 CaSO,. H,O=20°7 ; Ca=10°3. 
(C,H, ,9.),Ca,4$H,0 requires H,O = 20°3 ; Ca=10-0 per cent. 

The mother liquor from this crystallisation was concentrated, and 
two other crops of calcium salt collected; these were found to have 
exactly the same appearance as the first crop, and to contain 21:0 and 
209 per cent. of water of crystallisation respectively. 

The filtrate from the last crop was acidified, and the acid (9 grams), 
which distilled at 184—186°/100 mm., again converted into calcium 
salt, when exactly similar crystals were obtained, which contained 
20-9 per cent. vof water. We therefore conclude that the unsaturated 
acid, prepared by the above process, consists entirely of 1-methyl-A°- 
cyclohewene-3-carboaylic acid, and does not contain even traces of 
another isomeride, 


Dihydroisocarvestrenol | A°-m-Menthenol(8)], 


117_-2CMe:CH. ‘ 
CH<oy -CH. > CH CMe, OH. 

The ethyl 1-methyl-A°-cyclohexene-3-carboxylate required for this 
synthesis was prepared by dissolving the pure acid (20 grams) in 
10 per cent, alcoholic sulphuric acid (150 c.c.) and allowing the solution 
to remain at the ordinary temperature for five days. 

It was isolated in the usual manner, and distilled at 146°/100 mm. 

This ester (27 grams) was added to an ethereal solution of mag- 
nesium methyl iodide (containing 12 grams Mg), when little evolution 
of heat was noticed at first, but, on standing, the temperature of the 
ether gradually rose to the boiling point, After four hours, the 
product was cautiously decomposed by water and dilute hydrochloric 
acid, the ethereal solution separated, washed with very dilute sul- 
phurous acid to remove iodine, evaporated, and the residue mixed 
with potassium hydroxide (4 grams), dissolved in methyl alcohol, and 
allowed to stand for twelve hours in order to remove any unchanged 
ester which might be present. 

Water was then added, the oil extracted with ether, the ethereal 
solution well washed, dried and evaporated, and the residue fractionated 
under reduced pressure : 

0'1648 gave 04710 CO, and 01755 H,O. C=77:7; H=11°8. 

01452 ,, 04125 C0, ,, 0°1551H,0. C=775; H=11°9. 

C,,H,,0 requires C= 77:9 ; H=11°7 per cent. 

Dihydroisocarvestrenol boils at 106—107°/20 mm., and is a rather 

viscid oil with a pungent odour of terpineol. When a drop of 
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This 
speci 
was nc 
shaker 
two da 


eulphurice acid is added to its solution in acetic anhydride, a viole 
coloration is produced, which soon becomes an intense methylene-blue 
and, on longer standing, again violet. 
Density : @ 20°/20°=0°9376 ; d 20°/4°=0°9359. 
Refractive power at 20°: 


u-1 p-l,, e-) 2 and sh 
. : as hotly well w 

We ailaaes 1°47751 0°51022 78°573 46°54 
“se 1-48711 0°52047 80-152 47°33 and p 
i aeeseies 1°49312 0°52688 81°139 47°83 hydrol 


Dispersion y — a= 2°566. 


point - 
These physical constants agree closely with those of terpineol 021 
(Trans., 1906, 89, 851), namely, d 20°/20° = 0°9385. 
Refractive power “~ |» at 18-4°: a=78'885; 8 =80-466 ; y= 81-450, Tha 
¢ mixin; 
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carves 
with \ 
The 
attack 
near!) 
clear | 
repeat 
evapo 
erysta 
almos 
until 
which 
For 


Dispersion y ~ a = 2°565. 


w-! P4668 fore. 
p?+2 d 
The nitrosochloride, C,,H,,0,NOCI.—This derivative was prepared 
by dissolving dihydroisocarvestrenol (2 c.c.) in ethyl nitrite (10 ce. of 
10 per cent.), and gradually adding concentrated hydrochloric acid 
(2 ¢.c.) to the solution, cooled to —10°. After standing for an hour in 
ice and salt, a further quantity of ethyl nitrite (10 c.c.) and hydro- 
chloric acid (2 c.c.) was added, and the mixture allowed to remain at 
the ordinary temperature, when the nitrosochloride soon began to 
crystallise. The crystals were collected, washed with methyl alcohol, 
and analysed : 
01406 gave 8 c.c. N, at 18° and 741 mm. N=6r4. 
C,,H,,O,NCI requires N = 6-4 per cent. 
Dihydroisocarvestrenol nitrosochloride melts, with decomposition, at 
25°, and is sparingly soluble in alcohol, benzene, ethyl acetate, or 
methyl ethyl ketone. 


9 
“ 
» 


Formation of Derivatives of Carvestrene from Dihydroisocarvestrenol. 


Carvestrene dihydrochloride, C,,H,,,2HCl, is obtained when dihydro- 
isocarvestrenol is shaken in a stoppered bottle with five times its 
volume of concentrated hydrochloric acid. The crystals, which will 
have formed after about half an hour, are collected, washed, and left 
in contact with porous porcelain until quite free from oil. 

The colourless mass is then crystallised from methyl alcohol, from 
which the hydrochloride separates in glistening needles : 

0°1620 gave 02210 AgCl. Cl=33'8. 

C,)H,,Cl, requires Cl] = 33°9 per cent. 


SYNTHESIS OF THE TERPENES. PART XIII. 1889 


This hydrochloride melted sharply at 52°5°, and, when mixed with a 
specimen of carvestrene dihydrochloride (Trans., 1907, 91, 500), there 
was no alteration in melting point. When dihydroisocarvestrenol was 
shaken with eight volumes of hydrobromic acid (saturated at 0°) for 
two days, an oil still floated on the surface, but, on pouring into water 
and shaking vigorously, the heavy oil soon crystallised. ‘The mass was 
well washed, left in contact with porous porcelain until quite colourless, 
and purified by crystallisation from methyl alcohol, from which the 
hydrobromide separated in hard, glistening, prismatic needles of melting 
point 48—49° : 


0:2165 gave 0°2720 AgBr. Br=53°5 
C,,H,,Br, requires Br = 53-7 per cent. 


That this substance is carvestrene dihydrobromide was proved by 
mixing it with a specimen of this substance which had been pre- 
viously obtained (Trans., 1907, 91, 500), when there was no alteration 
in melting point. 

cis- Tetrahydrocarvestrenediol, ©, )H,.(OH),.—This derivative of 
carvestrene was obtained by shaking dihydrotsocarvestrenol (5 c.c.) 
with water (600 c.c.) and sulphuric acid (10 ¢.c.) on the machine. 

The oil was almost insoluble at first, and was therefore only slowly 
attacked by the dilute sulphuric acid, but, after shaking for seven days, 
nearly all of it had passed into solution. The product was filtered, the 
clear filtrate saturated with ammonium sulphate, and the cloudy liquid 
repeatedly extracted with ether. ‘The ethereal solution was dried and 
evaporated, when a viscid syrup remained, which soon commenced to 
crystallise and, especially when vigorously stirred, gradually became 
almost solid. The mass was left in contact with porous porcelain 
until quite hard, and then repeatedly crystallised from ether, from 
which woolly masses separated. 

For analysis, the substance was dried over phosphoric oxide : 


0'1223 gave 0°3120 CO, and 0:1280 H,O. C=69'6; H=11°6. 
C,,H,,O, requires C= 69°38 ; H=11°6 per cent. 


The melting point of the cis-tetrahydrocarvestrenediol obtained in 
this experiment was 94°, or rather higher than the melting point 
(about 90°) found for the original specimen (Trans., 1907, 91, 501). 

When, however, this original specimen was twice crystallised from 
ether, the melting point rose to 93—94°, and its identity with the 
substance, obtained as described above, was proved by the fact that 
there was no alteration in melting point when the two specimens 
were mixed, Careful examination of the ethereal mother liquors and of 
the porous porcelain used in the purification of the cis-tetrahydro- 
carvestrenediol failed to reveal even traces of the trans-modification, 
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and it was evident that the conversion of dihydroisocarvestrenol jntg values 


cis-tetrahydrocarvestrenediol, under the above conditions, was almost those | 
quantitative. which 
isoCarvestrene (A°‘*”-m-Menthadiene), 
; CMe’CH.n,, ‘ 
CH<G H,-CH.> CH ‘CMe:CH,,. But dl 


The conversion of dihydroisocarvestrenol into tsocarvestrene was 
carried out by gradually adding the former (21 grams) to an ethereal contait 
solution of magnesium methyl iodide (containing 15 grams of shown 
magnesium), and allowing the mixture to remain for four days. The 
product was then decomposed by water and dilute hydrochloric acid, 
the ethereal solution separated, washed with water containing a little 
sulphurous acid, and distilled under reduced pressure. The oil was 
thus readily separated into two fractions: (a) boiling below 140° 
200 mm., and (4) boiling at 190—200°/20 mm. When the former was 
repeatedly distilled over sodium under the ordinary pressure, a 
large fraction (11 grams) was obtained, distilling constantly at 
176—177°/765 mm. : 

01118 gave 0°3610 CO, and 01190 H,O. C=881; H=11'8. 

01095 ,, 0°3525 CO, ,, 01143 H,O. C=880; H=116. 

C,,,H,,, requires C= 88-2 ; H=11°8 per cent. 
isoCarvestrene has a very pungent odour of lemons, and is oxidised 
slowly in the air, since a small quantity, left in a tube over water, had 
absorbed one-fifth of the volume of air in seven days. 

When a drop of sulphuric acid is added to its solution in acetic 
anhydride, a violet coloration is produced, which rapidly fades. 

The density determinations gave : 

d 20°/20 = 0°8496 ; d 20°/4°=0°8481. 


Refractive power at 20°: 
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These numbers, with the exception of the density, are distinctly 
higher than those found for dipentene (Trans., 1906, 89, 851), namely, 


d 20°/20°=0°8517. Refractive power = 5 at 14° :a=75°602; B= 
‘ 
77°391 ; y=78°564. Dispersion y —-a=2°962. 


-1P 44-81 for a. 
pwe+2d 


The most remarkable feature in connexion with the refraction 


t 
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values for isocarvestrene is the fact that they are even higher than 
those of d/-A****’-p-menthadiene (compare Trans., 1906, 89, 850), 
whict has the values a= 76°31 ; 8B=78:21; y=79°37 ; 
2-] 
- — P= 45°31. 
pe+2d ‘“ 
But d/-A*'*-p-menthadiene, 
CH,—CH~ 
CHMe< on’ -cH, 
contains a conjugated system of two double linkings, and it has been 
shown (loc. cit., p. 856) that this system causes a small, but distinct, 
rise in the values for the refraction above the normal : 


>C-CMe:CH,, 


a-1 

a P Difference. 
dl-A? : 8).9-Menthadiene ......... 0.000000 76°31) 0-71 
IE saccictisitasidhenminniaiinsondiewsense 75-605 rae 

The comparison of tsocarvestrene with dipentene : 

=1 

a & Difference, 
COP WOIOINS iis £6 Katie se diveniccosies 76°65 41:05 
DTD pacssachastasiceawnie casieckss vst 75°60 ‘ 


yields an even greater difference, and, as it seems impossible that 
tlimination of water from dihydroisocarvestrenol can lead to a hydro- 
carbon with conjugated double linkings, it is very diflicult to under- 
stand the significance of these numbers. In connexion with this point, 
it has been shown (Perkin, Pickles, and Tattersall, Trans., 1905, 
87, 641; also 1077 and 1101) that hydrocarbons containing a con- 
jugated system of double linkings exhibit a characteristic behaviour 
when treated with bromine, hydrogen bromide, or hydrogen chloride. 
Thus, for example, d/-A***)-p-menthadiene combines with one molecule 
of each of these, whereas dipentene, which does not contain conjugated 
double linkings, combines, as is well known, with two molecules in 
each case. It is very remarkable that isocarvestrene appears to behave 
inthis matter in a similar way to d/-A*‘*"’-p-menthadiene. When 
isocarvestrene (1°25 grams), dissolved in three times its volume of dry 
chloroform and cooled to — 10°, was titrated with bromine, a permanent 
straw-colour was produced when 1:7 grams of the halogen had been 
added, but theend point was not very sharp. This result agrees best 
with the formation of a dibromide, C,,H,,Br,, which requires the 
addition of 1°47 grams of bromine, whereas the quantity required for 
the formation of a tetrabromide, C,,H,,Br, is 2°95 grams.  tso- Leg 
Carvestrene did not dissolve when it was shaken in a sealed tube ea 
with 5 volumes of a solution of hydrogen bromide in acetic acid 

(saturated at 0°); the solution became brown, but the hydrocarbon 

Was not converted into a crystalline dihydrobromide, C,,H,,,2HBr. 
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When, after several days, the product was poured into water, a rather 
heavy oil separated, which showed no tendency to crystallise. iso. 
Carvestrene was then dissolved in dry ether, cooled to —10°, and 
saturated with hydrogen chloride ; the solution soon became brown 
and then a deep claret, and yielded a resinous mass when it was washed 
with water and evaporated. 

Again, when the hydrocarbon was shaken for ten days with ten times 
its volume of concentrated hydrochloric acid, no crystalline dihydro- 
chloride separated. The product was poured into water, and the 
oil, after extraction with ether in the usual manner, analysed and 
found to contain 14°7 per cent. of chlorine, which is less even than 
that required for the mono-hydrochloride, C,,H,,,HCl, namely, 20:6 
per cent. 

It has been pointed out on p. 1888 that dihydrotsocarvestrenol 
readily combines with halogen acids to yield the carvestrene deriv- 
atives C,,H,,,2HCl and C,,H,,,2HBr, and it is difficult to understand 
why isocarvestrene does not show the same behaviour, especially when 
it is remembered that carvestrene, under the same conditions, 
combines readily with halogen acids (compare Trans., 1907, 91, 
500). 

During the fractionation of the product of the action of magnesium 
methyl iodide on dibhydroisocarvestrenol (p. 1890), a considerable 
quantity of an oil was obtained, distilling at 190—200°/20 mm. 

When this was carefully fractionated over sodium, it boiled very 
constantly at 188—190°/20 mm., and yielded the following analysis: 


0°1560 gave 05050 CO, and 0°1620 H,O. C=882; H=11°6. 
C,,H,,. requires C = 88:2; H=11°8. 


The determination of the molecular weight by the cryoscopic method 
in benzene solution gave M.W.=254, whereas the formula C,,)Hy 
requires M.W.=272. This diterpene, for which we propose the name 
diisocarvestrene, is a viscid, colourless syrup, which has a faint odour 
of peppermint, and develops a pink coloration when a drop of sulphuric 
acid is added to its solution or suspension in acetic anhydride. If a 
drop of bromine is added to a solution of the diterpene in chloroform 
at — 10°, astraw-colour is at once produced, and, on standing at the 
ordinary temperature, the solution soon becomes deep purple and, after 
twelve hours, an intense indigo-blue. 

During the course of other investigations of this series, diterpenes 
similar to diisocarvestrene have been isolated, on several occasions, 
from the products of the dehydration of some of the corresponding 
alcohols. It seems possible that, during their formation, the charac- 
teristic group, —CMe:CH,, of two molecules of the simple terpene 
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undergoes polymerisation with formation of a tetramethylene derivative 
containing the group 

*CMeCH ° 

CH,-CMe’ 


We take this opportunity of thanking Mr. W. N. Haworth for 
valuable assistance during this difficult investigation, and we wish 
also to express our thanks to the Research Fund Committees of the 
Royal Society and Chemical Society for grants which have covered 
much of the expense involved. 
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CLXXXIX.—Avromatic Arsonic Acids. 


By MarMaDbUKE Barrowciirr, Frank Lee PyMan, and Freperic 
GeorGE Percy Remrry. 


Ix a previous communication from these laboratories (Trans., 1908, 
93, 1180), some account was given of the preparation and properties of 
certain aromatic arsonic and arsinic acids, and reference was made to 
the use of substances of this class in trypanosomiasis. At that time, 
the physiological results obtained with the bis-aminoarylarsinic acids 
were not sufficiently conclusive for publication, but Dr. Breinl has 
now found that sodium bis-2-aminotolyl-5-arsinate and sodium bis-2- 
etylaminotolyl-5-arsinate are of little use in trypanosomiasis, probably 
owing to their low arsenic content. 

The present communication records the chemical and physical 
properties of a number of new arsonic acids, which are derivatives of 
paminophenylarsonic acid and 2-aminotolyl-5-arsonic acid. These 
two acids have, of course, a certain toxicity, although this is only a 
small fraction of that of arsenic acid, and it was thought at one time 
that they were slowly decomposed in the body with formation of 
arsenic acid and aniline or o-toluidine respectively, and that their 
oxicity was due partly to the arsenic acid and partly to the aniline. 
We therefore prepared p-hydroxyphenylarsonic acid and 2-hydroxytolyl- 
darsonic acid by diazotising the corresponding amino-acids and 
removing the nitrogen, in order that when the arsonic acid was 
decomposed in the body, phenol and o-cresol should result instead of 

VoL, XCIII, 6 K 
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aniline and o-toluidine. Physiological investigation of the sodium salts 

of these acids, however, has proved thatethey are of no use in trypano. . 

somiasis, behaving in the body like arsenic acid rather than like ip 

p-aminophenylarsonic acid. The reason for the difference in action - 

between the amino- and hydroxy-arylarsonic acids has now been supplied » 

by Nierenstein (Annals of Tropical Medicine and Parasitology, 1908, 2, 

249), who has shown that sodium p-aminophenylarsonate and its 

monoacy! derivatives combine with proteins, whilst its diacyl deriy- 

atives, sodium p-hydroxyphenylarsonate, and sodium arsenate do 

not. Tw 
During the period of the physiological investigation of these substances, (conta 

a part of our chemical results has been anticipated, for Bertheim (Ber., sodiur 

1908, 41, 1854) described the preparation and properties of sodium drynes 

p-hydroxyphenylarsonate, although he did not isolate the free acid, and heated 

Benda and Kahn (Ber., 1908, 41, 1678) described the preparation and pheny! 

properties of 2-hydroxytolyl-5-arsonic acid; consequently, we have in boil 

only recorded here the preparation and properties of salts and derivatives J prisma 

which these chemists have not described. per cer 
The trypanocidal action of certain benzidine and triphenylmethane pH 


dyes led us to inquire whether dyestuffs which contain a phenyl- 9 crystal 
arsonic acid residue would be more effective than the substituted J tinge, 
phenylarsonic acids themselves. In order to test this point, we 9 alcohol, 
have prepared certain azobenzenearsonic acids and phenazinearsonic 0-175 
acids. 

The production of ared dyestuff on diazotising p-aminophenylarsonic 
acid and coupling with 8-naphthylamine has already been described by 
Ehrlich and Bertheim (Ber., 1907, 40, 3297), but no results of any p 
physiological examination of this substance have as yet been available. Twely 
By diazotising p-aminophenylarsonic acid and 2-aminotolyl-5-arsonic J for ong 
acid, and coupling with phenol, A-naphthol, and dimethylaniline J concent; 
respectively, we have prepared 4-hydroxyazobenzene-4’-arsonic acid, Hi dissolve, 
B-naphtholazobenzene-4-arsonic acid, 4-dimethylaminoazobenzene-4- Hl vetroley 
arsonic acid, 4-hydroxy-2'-methylazobenzene-4’-arsonic acid, and + Bh crystal 
dimethylamino-2'-methylazobenzene-4'-arsonic acid, Of these, the two last wetyl de 
were physiologically examined, and proved to be of very small value p-Acet 
against a virulent strain of trypanosomes. clusters ¢ 

The preparation of a phenazine from p-aminophenylarsonic acid by HM wluble jy 
the method of Perkin and Nierenstein (Trans., 1905, 87, 1412) was HM wetone « 


suggested to us by Dr. Nierenstein, and this has been carried out by 02099 
the formation of phenazine-2 : 7-bis-arsonic acid ; this, however, proved 
to have little effect on trypanosomes. ‘The corresponding phenazine The sod 


from 2-aminotolyl-5-arsonic acid, 4 : 9-dimethylphenazine-2 : 7-bis-arsome ilky nee 
acid, was also prepared, but, in view of the inactivity of the lower My, is ver 
homologue, it was not submitted to physiological examination. Waringly 
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The physiological examination of these substances was carried out at 
the Runcorn Research Laboratories of the Liverpool School of ‘Tropical 
Medicine, and we take this opportunity of expressing our thanks to 
Dr. Breinl, the Director of these Laboratories. 


EXPERIMENTAL. 
pHydroxyphenylarsonic Acid, HO*C,H,*AsO(O H),. 


Two hundred and fifty grams of sodium p-aminophenylarsonate 
(containing SH,O) were diazotised with the calculated quantities of 
vdium nitrite and hydrochloric acid, and the solution evaporated to 
iryness. ‘The ‘residue was then ground to a fine powder, and again 
heated on the water-bath until completely dry, when the p-hydroxy- 
phenylarsonic acid was separated from the sodium chloride by dissolution 
in boiling acetone, from which it crystallised on cooling in salmon-pink, 
prismatic needles. The yield amounted to 125 grams, that is, 75 
per cent. of the theoretical. 

p-Hydroxyphenylarsonic acid is obtained almost colourless by several 
aystallisations from acetone, but persistently retains a faint pink 


tinge, It melts at 170—174°, and is very easily soluble in water or 


alcohol, but sparingly so in cold acetone : 
0:1724 gave 0°2110 CO, and 0°0508 H,O. C=33'4; H=3°3. 
C,H,0,As requires C= 33°0 ; H =3°2 per cent. 


p-Aceloxyphenylarsonic Acid, CH,*CO-0-C,,H,*AsO(OH),. 


Twelve grams of p-hydroxyphenylarsonic acid were gently boiled 
for one hour with 36 grams of acetic anhydride and 0:5 gram of 
concentrated sulphuric acid. The whole of the arsonic acid first 
lissolved, and then separated as a jelly, which was ground with 
yttroleum several times to remove the acetic anhydride, and re- 
ystallised from acetone, giving an almost quantitative yield of the 
wetyl derivative, 

PAcetoxyphenylarsonic acid crystallises from acetone in matted 
tsters of fine needles, which do not melt at 250°. It is very easily 
=. in cold water, but somewhat sparingly so in cold alcohol or 

ne; 

02092 gave 0-2822 CO, and 0:0650 H,O. C=36°8; H=3°5, 

C;H,0,As requires C = 36:9 ; H =3°5 per cent. 

The sodium salt crystallises from water in matted clusters of fine 
Mt needles, and contains 3 molecules of water of crystallisation, 

very readily soluble in water, giving a neutral solution, but 
‘nngly so in alcohol : 


6K 2 


ad 
& 
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the m 
collect 


03830, air-dried salt, lost 0°0600 at 100°. H,O=15-7. 
C,H,O, AsNa,3H,O requires H,O = 16:1 per cent. 


Sodium 2-hydroxytolyl-5-arsonate crystallises from water in plates, 11 
which contain two molecules of water of crystallisation. It is soluble 
in four times its weight of cold water, giving a neutral solution, andis +H, 
sparingly soluble in alcohol : insolul 
0-4230, air-dried salt, lost 0-0528 at 100°. H,O=12°5. a 
C,H,0O,AsNa,2H,O requires H,O = 12:4 per cent. Bang 
propor 
2-Acetoxytolyl-5-arsonic Acid, 0:98 
CH,-CO-0@ SAs0COH),. 
al 
CH, The. 
one mo 
This acid is prepared from 2-hydroxytolyl-5-arsonic acid ina manner and mi 
analogous to the preparation of p-acetoxyphenylarsonic acid. It which ; 
separates from acetone in clusters of fine needles, and melts at water ¢ 
164—166° ; it is sparingly soluble in cold water or acetone, but 0-453 
readily so in alcohol : 
0°1684 gave 02438 CO, and 0:0600 H,O. C=39:5; H=40. 
C,H,,0,As requires C = 39°4 ; H= 4:1 per cent. 
The sodium salt crystallises from water in radial clusters of silky 
needles, and contains 4 molecules of water of crystallisation. It is 
readily soluble in water, giving a neutral solution, but sparingly so in 
alcohol : 
02594, air-dried salt, lost 0°0498 at 100°. H,O=19°2. A dis 
C,H,,0,AsNa,4H,O requires H,O = 19-6 per cent. alkaline 
equivale 
4-Hydroxyazobenzene-4'-arsonic Acid, addition 
4 Syn’ —_ 
HOC pres Pee dioxide 
ane ames Ne was obte 
Forty-five grams of sodium p-aminophenylarsonate (containing regenera 
5H,O) were dissolved in 100 c.c. of water and 40 grams of hydro- 0170: 
chloric acid, and diazotised at 0° with an aqueous solution of sodium ; 
nitrite until the mixture contained free nitrous acid. A cold ¥ 
solution of 13 grams of phenol in 125 grams of 10 per cent. aqueo M ey 
sodium hydroxide was then added, followed by a sufficient furthe -. 
quantity of aqueous sodium hydroxide to form a clear solution. Afte ede 
standing for one hour, the deep red solution was acidified with hyd gad 
chloric acid, and the dye collected. In order to purify it, it W 03526 
treated with sufficient 10 per cent. aqueous sodium hydroxide to form th | 
disodium salt, warmed, and saturated with carbon dioxide ; on cooling The di 
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the monosodium salt separated in glistening, yellow plates ; these were 
collected, re-dissolved in hot water, and acidified with acetic acid : 

01193 gave 0°1971 CO, and 00373 H,O. C=45°0; H=3°5. 

C,,H,,0,N,As requires C= 44:7 ; H=3°4, 

{-Hydroryazobenzene-4'-arsonic “acid is a light red powder, and is 
insoluble in water and all the usual organic solvents. It is readily 
wluble in alkalis, giving deep red solutions. 

The monosodium salt, prepared as above, is almost insoluble in cold 
water, and sparingly so in hot water. It contains 2} molecular 
proportions of water of crystallisation : 

02816, air-dried salt, lost 0°0322 at 115°. H,O=11°4. 

C,.H,)0,N,AsNa,24H,O requires H,O=11°6 per cent. 

The disodium salt is prepared by dissolving the monosodium salt in 
one molecular equivalent of aqueous sodium hydroxide, concentrating, 
and mixing with alcohol, when it is obtained as a light red powder, 
which is readily soluble in cold water. It contains 8 molecules of 
vater of crystallisation : 

04576 lost 0°1268 at 115°. H,O=27°7 per cent. 

C,,H,0O,N,AsNa,,8H,O requires H,O = 28-2 per cent. 


B-Naphtholazobenzene-4-arsonic Acid, 
NIN »As0(0H), 
Sbud 
ey 


A diazotised solution of p-aminophenylarsonic acid was rendered 
alkaline, and coupled with an alkaline solution of one molecular 
quivalent of B-naphthol. The resulting acid was precipitated on the 
addition of hydrochloric acid. It was re-dissolved in sufficient aqueous 
dium hydroxide to form a disodium salt, and a stream of carbon 
dioxide was passed through the solution, when the monosodium salt 
vas obtained as a deep orange, crystalline precipitate. The acid was 
regenerated from this and analysed : 

01702 gave 0°3212 CO, and 0°0582 H,O. C=515; H=38. 

C,,H,,0,N,As requires C=51°6 ; H=3°5 per cent. 
8-Naphtholazobenzene-4-arsonic acid is a bright red powder, which is 
woluble only in alkalis. 

The monosodium salt, prepared as above, is sparingly soluble in 
tiling water ; it contains 5 molecules of water of crystallisation : 

03526, air-dried salt, lost 0°0660 at 115°. H,O=18°7. 

C,,H,,0,N,AsNa,5H,O requires H,O = 18°6 per cent. 
The disodium salt is a dark red powder, which is readily soluble in 
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water, and contains 6} molecular proportions of water of crystal. 
lisation : 
0°3692 lost 0°0823 H,O. H,O=22°3 
C,,,H,,0,N. AsNa 64 H, 20 saquiens 11,0 = 22:0 per cent. 


alkali 
line p 
yield a 
alt ¥ 
acetic 


4-Dimethylaminoazobenzene-4'-arsonic Acid, obtaint 


(CH,), NC NING né _->AsO(OH), O14 
Forty-five grams of sodium p-aminophenylarsonate were dissolved 4-Hy 
in 100 c.c. of water and 40 grams of concentrated hydrochloric acid, line po 
and diazotised at 0° with 9°5 grams of sodium nitrite dissolved in J wual o 
50 cc. of water. 16°5 Grams of dimethylaniline dissolved in The» 
15 grams of hydrochloric acid and 150 ¢.c. of water were then added, Mi modera 
and, after several hours, the dye was precipitated by the addition of an 9 2} mole 
excess of sodium acetate solution, collected, washed with water, and 0579 
dried. For analysis, the acid was regenerated from its recrystallised 
monosodium salt, washed, and dried : The d 
0°1473 gave 0°2584 CO, and 0:0580 H,O. C=47:8; H=4-4. 7 
C,,H,,0,N.As requires C= 48'1 ; H =4°6 per cent. ee 
4-Dimethylaminoazobenzene-4'-arsonic acid is a red powder, which is i; parts « 
insoluble in water and the usual solvents, but readily soluble in d crysta 
alkalis and mineral acids. The acid salts are decomposed by water. e188 
The monosodium salt crystallises from hot water in glistening, 
scarlet plates, which are sparingly soluble in cold water, and contain c 
5} molecular proportions of water of crystallisation : 
02398 lost 0°0506 at 115°. H,O=21°1. 
C,,H,,0,N,AsNa,54H,O requires H,O = 21°1 per cent. 
The disodium salt was prepared by dissolving the monosodium sal 
in the calculated quantity of aqueous sodium hydroxide, concentratip 
to a small bulk, and precipitating with alcohol. It is a scarle Forty-t 


powder, which is soluble in 3 parts of cold water, and contai 
6 molecules of water of crystallisation : 
0°3644 lost 0°0756 at 115°, H,O=20°7. 
C,,H,,0,N,AsNa,,6H,O requires H,O = 21°4 per cent. 


gore 2’- eee 5’-arsonic Acid, 


“ Syin 5 As0(08),. 


a 


PON fe 
CH, 
Fifty grams of sodium 2-aminotolyl-5-arsonate were diazotised 4 6 g 
coupled with an alkaline solution of phenol, as in the preparation C 
4-hydroxyazobenzene-4'-arsonic acid. In this case, however, the ¢ The mon 
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alkaline solution was treated with carbon dioxide, when a red, crystal- 
line precipitate, consisting of the monosodium salt, was formed, the 
yield amounting to 84 per cent. of the theoretical. A portion of the 
git was recrystallised, dissolved in hot water, and acidified with 
yetic acid, when a crystalline precipitate of the arsonic acid was 


obtained : 

01412 gave 0°2410 CO, and 00500 H,O. C=465; H=3°9, 

C,,;H,,0,N,As requires C = 46:4; H = 3:9 per cent. 

4-Hydrowy-2'-benzeneazotoluene-5'-arsonic acid is a light red, erystal- 
line powder, which is practically insoluble in boiling water and the 
wual organic solvents, but readily soluble in alkalis, 

The monosodium salt crystallises from water in red leaflets. It is 
noderately soluble in hot water, sparingly so in cold, and contains 
% molecular proportions of water of crystallisation : 


05797 lost 0°0655 at 115°. H,O=11°3. 
C,,H,,0,N,As,2}H,O requires H,O =11'1 per cent. 

The disodium salt was prepared by dissolving the monosodium salt, 
inthe calculated quantity of aqueous sodium hydroxide, concentrating 
toasmall bulk, and adding alcohol. It is a red powder soluble in 
jpurts of cold water, and contains 4} molecular proportions of water 
d crystallisation : 


06185 lost 0°1081 at 115°. H,O=17'5, 
C,,H,,0,N,AsNa,,44H,O requires H,O=17°6 per cent, 


4-Dimethylamino-2'-benzeneazololuene-5' arsonic Acid, 


. YY \ww% 
(CH,) NC NIN > AsO(OH),, 


CH, 


forty-five grams of sodium 2-aminotolyl-5-arsonate were dissolved 
a dilute hydrochloric acid, diazotised, aud coupled with an acid 
tition of dimethylaniline. The solution was allowed to stand for 
uhour and neutralised with sodium carbonate, and the resulting 
wil was collected, dissolved in sodium hydroxide, and precipitated as 
tcrystalline monosodium salt by carbon dioxide, the yield amount- 
40 82 per cent. of the theoretical. The acid was obtained from 
% monosodium salt, by acidifying the hot aqueous solution with 
tic acid, as a red, crystalline powder, which formed salts with 
tural acids and with bases : 


456 gave 0'2642 CO, and 0:0630 H,0O. C=49:5; H=48. 
C,;H,,O,N,As requires C= 49°6 ; H=4:9 per cent. 
The monosodium salt is a red, crystalline, powder which is moderately 
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easily soluble in hot water, but sparingly so in cold. It contain 
5 molecules of water of crystallisation : 


0°4418 lost 0:0840 at 115°5 H,O=19-0. 
C,,H,-0O,N,AsNa,5H,O requires H,O = 18°9 per cent. 
The disodium salt, prepared in the usual manner, is a red powder, 
which is soluble in 3 parts of cold water, and contains 4 molecules of 
water of crystallisation : 
0-4250 lost 0°0628 at 115°. H,O=14°8. 
C,,H,,0,N,AsNa,,4H,O requires H,O = 15-0 per cent. 


Phenazine-2 : 7-bis-arsonic Acid, 
N 


nr NO yeni H, 
"\A\7 oF 


Twenty grams of p-aminophenylarsonic acid were suspended in 
100 c.c. of water, and dissolved by the addition of 15 c.c. of con- 
centrated sulphuric acid. To the warm solution, 23 grams of finely- 
powdered ammonium persulphate were added in small quantities 
during an hour with thorough stirring. The light brown liquor was 
then gently heated on the water-bath, when it darkened in colour, and, 
after about ten minutes, a brisk evolution of gas commenced and small, 
leafy crystals were deposited. The solution was removed from the 
water-bath until the action had moderated, then replaced for a further 
five minutes, and finally allowed to cool for one and a-half hours. 
The light brown, leafy crystals were collected, well washed, and air- 
dried ; the yield was 7:2 grams, that is, 35 per cent. of the theoretical. 
The acid was purified by converting it into the sodium salt, crystallising 
this, and regenerating. 

Phenazine-2 : 7-bis-arsonic acid does not melt at 300°. It in insoluble 
in water, very sparingly soluble in alcohol or acetic acid, and insoluble 
in the other usual organic solvents. It gives a blood-red coloration 
with concentrated sulphuric acid. It contains one molecule of water 
of crystallisation, which is not lost either by standing in a vacuum 
desiccator or on heating at 120°. At 150°, however, the acid loses 2 
molecules of water, and must therefore form an internal anhydride:* 

0-2112, after drying in a vacuum desiccator, gave 0°2524 CO, and 

00518 H,O. C=32°6; H=2°7. 
0°2470 gave 13:4 c.c. N, at 17° and 769 mm. N=6°3. 


* p-Aminophenylarsonie acid loses one molecule of water at 150°, giving au 
anhydride, NH,*C,H,*As0O,. 


ain 


ler, 
3 of 
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9:2609 lost 0°0205 at 150°. H,O=7°9. 

C,H yg0,N 2482, HO requires C = 32°3; H=2:7; N=6:4; and loss of 
2H,0 =8'5 per cent. 

0:1830, dried at 150°, gave 0°2358 CO, and 0°0362 H,O. C=35:1; 

H =2°2. 
C,,H,0,N,As, requires C = 35'1 ; H = 2-0 per cent. 

The tetrasodium salt was prepared by suspending the acid in water, 
and adding sufficient aqueous sodium hydroxide to dissolve it : 

02526 acid required 0°0943 NaOH, that is, one mol. acid required 
4:1 mols. NaOH. 

On evaporating the aqueous solution to small bulk and adding 
alcohol, the salt was obtained as a buff-coloured crystalline powder, 
which contained 11 molecales of water of crystallisation. It is soluble 
in one and a-half times its weight of water at 20°, giving an alkaline 
solution, and is insoluble in alcohol : 

0 5229, air-dried salt, lost 0°1462 at 100°. H,O= 28-0. 

C,.H,O,N,As,Na,,11H,O requires H,O = 27°8 per cent. 

When this salt is allowed to stand in a vacuum desiccator, it loses 
1} molecules of water, and changes colour, becoming bright red. 
After removing the residual water of crystallisation at 100°, the 
substance again becomes buff-coloured : 

05736, desiccator-dried salt, lost 0°1435 at 100°. H,O= 25-0. 

C,,H,O,N,As,Na,,9}H,O requires H,O = 24-9 per cent. 


4: 9-Dimethylphenazine-2 : 7-bis-arsonic Acid, 
CH, N 


(NAN as0uth 


+H,0. 
H,0,As\ / aa a, 


This acid was prepared by the idea of 2-aminotolyl-5-arsonic 
arid in a manner-.similar to the preparation of phenazine-2:7-bis-arsonic 
aid, The yield, however, was smaller, and the acid was obtained in 
the form of a fine, buff-coloured powder, which did not melt at 300°. 
It is insoluble in water, very sparingly soluble in alcohol and acetic 
wid, and insoluble in the other usual organic solvents. It gives a 
blood-red coloration with concentrated sulphuric acid : 


01287 gave 0:1682 CO, and 0:0393 H,O. C=356; H=3°4. 
C),H,,0,N,As,,H,O requires C = 35-4 ; H =3-4 per cent. 


Tae Wentcome CHEMICAL Works, 
DartForp, Kent. 
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CXC.—The Relation between Absorption Spectra and 
Chemical Constitution. Part XI. Some Aromatic 


Hydrocarbons, 
By Epwarp CHARLES Cyrit Baty and WILLIAM BrapsuHaw Tuck. 


In an investigation on the absorption spectra of a number of 
derivatives of naphthalene, ‘undertaken with the view of deter- 
mining the influence of substitution, we have made a careful study 
of the absorption spectrum of naphthalene. Realising the great 
importance of this spectrum, we have taken every precaution as 
regards the purity of the naphthalene, and have used more than 
one source of light in order to guard against any error arising 
from inequalities in the spectrum of the source, 

The purest naphthalene was obtained from Kahlbaum, and this 
was heated with manganese dioxide and concentrated sulphuric 
acid, after which it was distilled in a current of steam, This 
process was repeated, and then the naphthalene was converted 
into the picrate, this compound being carefully recrystallised. The 
naphthalene, after regeneration, was again distilled in a current of 
steam, and then recrystallised from dilute alcohol, The absorption 
curve we obtained with the pure compound is shown in Fig. 1 
(full curve) ; there are three absorption bands, namely, two narrow ones 
at 1/A=3125 and 3220 respectively, and a third broad band with 
its head at about 1/A=3700. Our curve differs from that given 
by Hartley (Trans., 1885, 47, 685) in not showing bands at 
1/A=3270 and 3370. 

The absorption of naphthalene is of peculiar interest, since, 
owing to the structure of the compound, two ethylenic linkings 
are conjugated with a benzene nucleus, the whole forming one 
closed system. Among the substituted aromatic compounds which 
have been dealt with up to the present, there have only been 
included those in which the unsaturated centres are attached to 
the benzene nucleus at one point. It would appear from previous 
observations that the absorption spectrum of a benzene compound 
containing a side-chain with ethylenic double linkings shows one 
broad absorption band. A good example of this is stilbene, the 
absorption curve of which is shown in Fig. 4 (dotted curve). We 
are therefore able to say that when we have centres of residual 
affinity, as expressed by ethylenic linkings attached at one point 
to a benzene ring, the resulting isorropesis gives rise to a single 
absorption band which is much nearer to the red than the bands 
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of benzene, the amount of the shift being dependent upon the 
number of ethylene linkings in the side-chain. 

The case is different, however, when the unsaturated system is 
attached at two points to the benzene ring; the absorption is 
of a very different type, as can be seen from the curves of 
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Full curve, Naphthalene 
Dotted curve, Dihydronapthalene. 


naphthalene, anthracene, and phenanthrene. In these cases, and 
mall the hydrocarbons examined of this type, there is always 
present in the absorption a band very close to the position of the 
benzene bands, and also small bands or groups of bands appear- 
ng nearer the red end of the spectrum and at greater concentra- 
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tion. In these cases, therefore, we have direct evidence that true 


benzenoid motions are taking place, and that also there are ney bie 
free periods of vibration due to the isorropesis between the conju 
ethylenic linkings and the benzene ring. This type of oscillations of met 
is due in some way to the fact that the unsaturated side-chain the ac 
is doubly linked to the phenyl group, for if there be only a single en, i 
point of attachment the system acts as a whole, giving only one the be 
free period of vibration. and 8 
In reference to this linking together of the systems, it maxin 
is interesting to compare the absorption of _hexatriene, opposi 
CH,:CH-CH:CH-CH:CH,, with that of benzene. The absorption Nar 
of the former is shown in Fig. 4 (dot and dash curve), and, as which 
can be seen, only shows general absorption, whereas in benzene, double 
which contains the same number of ethylenic linkings, we have a sibility 
complicated system of absorption bands due to the play of forces the ot 
which become possible owing to the formation of the ring. are pe 
It is necessary, in forming any views on the play of forces in in fact 
naphthalene, to consider the chemical behaviour of the compound. the ri 
From the ease with which naphthalene is reduced in hot alcoholic place. 
solution by metallic sodium to the dihydro-compound (I), In 
H H _ 
hy /I\ Ny absorp 
ie PBs | a H motior 
AY LF a band | 
charac 
(I.) (IL.): are ml 
and the further reduction to the tetrahydro-compound (II) by be du 
the action of sodium on a hot solution in amyl alcohol, this being the ri 
the final product of reduction (Bamberger and Lodter, Ber., 1887, wolecu 
20, 3075; Bamberger and Kitschelt, Ber., 1890, 23, 1561), there 
is little doubt that one of the rings is truly benzenoid, and the 
other contains two ethylenic double bonds which, according to 
Thiele’s law, give their maximum effect at the two extremes; that 
is to say, at the positions 1 and 4. Again, reduction of both rings with ¢ 
takes place only when naphthalene is heated with phosphorus and iden 
hydriodic acid, a method which will reduce benzene itself. It 18 system 
interesting to note that one of the first compounds produced by betwee 
the action of phosphorus and hydriodic acid on naphthalene is the atoms 
a-tetrahydro-compound, play o 
H sa the fir 
\/ »~ 4, and 
ae 8 mer 
i it tet 
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This reduction no doubt takes place in two stages: first, the 
jddition of an atom of hydrogen at the two extremes of the 
conjugated ethylenic double linkings, as in the case of the action 
of metallic sodium on a solution of naphthalene in alcohol ; secondly, 
the addition of hydrogen to the top and bottom of the benzenoid 
ring, a reduction which would follow naturally from the motions of 
the benzene ring as put forward in a previous paper (Baly, Edwards, 
and Stewart, Trans., 1906, 89, 514), where it was shown that the 
maximum unsaturation occurs in benzene at two carbon atoms 
opposite to one another. 

Naphthalene therefore would seem to consist of two rings, of 
which one is truly benzenoid, and the other contains two conjugated 
double linkings. There is no reason to insist that there is no pos- 
ibility of an interchange of the characteristics from one ring to 
the other, that is, there is no reason to insist that the two rings 
are permanently endowed with one of the two above characters ; 
in fact, it seems that the interchange of these characters between 
the rings is perfectly possible, and no doubt is continually taking 
place. 

In seeking the origin of the three absorption bands in the 
syectrum of naphthalene, it may be said at once that the broad 
absorption band with its head at 1/\=3700 is due to the benzenoid 
notions of the naphthalene molecule; we may attribute this 
band therefore to the half of the molecule which is benzenoid in 
character. The two narrow bands of 1/A=3125 and 3220, which 
aremuch nearer to the red than any of the benzene bands, must 
be due to the isorropesis between the benzenoid tautomerism of 
the ring and the ethylenic doubie linkings of the other. If the 
uolecule of naphthalene is written 


mth the centric formula to represent the benzenoid ring, it is 
wident that the interference or isorropesis between the ethylene 
ystem and the benzenoid system can be imagined to occur either 
between the atoms 1, 4, and the benzenoid ring, or between the 
dtoms 2, 3, and the benzenoid ring. In the figure this possible 
play of forces is denoted by the two pairs of dotted lines. Now 
the first alternative, namely, the isorropesis between the atoms 1, 
t and the benzenoid system, does not seem to be valid, because it 
‘merely the first stage in the interchange of character between 
the two rings. If the dotted lines between the atoms 1, 4, and the 
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adjacent ring represent real double linkings, the molecule would 
become 
1 
PMP 
| ll,’ 


| 
WV 
4 


or, in other words, the ring 1:2:3:4 would now be the benzenoid 
ring, whilst the other would contain the ethylenic system. 
Inasmuch as it is necessary to have isorropesis or interference 
between two separate and distinct systems in order to produce 
bands of smaller free period than the benzene bands, so it would 
not seem possible to attribute either of the naphthalene bands at 
1/A=3125 and 3220 to the above process, a process which is merely 
a step in the interchange of character between the two naphthalene 
rings. 

We are thus left with the second alternative, namely, the 
isorropesis between the atoms 2 and 3, with the benzenoid system 
as expressed by the dotted lines: 


This is the only way in which the two systems, ethylenic and 
benzenoid, can give an interference system without either of them 
losing their character. 

This may be made clearer by the conception that the naphthalene 
molecule is in a state of pulsation in somewhat the same way as 
has already been suggested for the benzene molecule (Baly, Edwards, 
and Stewart, loc. cit.): 
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The molecule would then have two extreme phases, as shown it 
the figures, and the readiness with which isorropesis can arisé 
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between the ethylenic and benzenoid systems through the atoms 


? and 3 is at once apparent. 
It is evident that the two central atoms 5 and 10 are the two 


most important to be considered in determining the types of 
orropesis arising in the naphthalene molecule. In a previous 
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Full curve, a- Tetrahydronaphthalene. 
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paper (Baly and Collie, Trans., 1905, 87, 1332) on the dynamics 
of the benzene molecule, it was shown that each carbon atom is 
‘oncerned in the making and breaking of an ortho-, meta-, and 
para-linking respectively. In naphthalene, however, the two carbon 
atoms 5 and 10 can only be concerned in making and breaking of 
an ortho- and meta-linking respectively, for unless the rings are 


ci 
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distorted to an inconceivable degree, the atoms 5 and 8 cannot 
approach one another sufficiently near to enable a para-linking 
to be formed, the same being true of the atoms 10 and 7, As 
far as the isorropesis is concerned, only two types are possible, 
namely, (1) when the atoms 5 and 10 are making and breaking 
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Full curve, Acenaphthene. 
Dotted curve, Acenaphthylene. 
Dot and dash curve, Chrysene. 


an ortho-linking; and (2). when the atoms 5 and 10 are making 
and breaking a meta-linking. There should, according to this 
view, be only two isorropesis bands in the absorption spectrum of 
naphthalene, and, indeed, we find only two, namely, those at 
1/A=3125 and 3220. It is possible to put this explanation to 4 
somewhat rigid test by examining the absorption spectra of dibhydro- 
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. naphthalene and the two tetrahydro-compounds. If our theory 


ig is correct, it is a simple matter to forecast the absorption spectra 
. of these compounds. , Thus the tetrahydronaphthalene with one 
‘ ring entirely reduced should merely show absorption due to 
ig 
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should exhibit an absorption very similar to that of naphthalene 
since the residual affinity of the atoms 2 and 3 is only slightly 
reduced, so that the play of forces within the molecule is only 
slightly lessened in degree. The so-called a-tetrahydronaphthalene, The 
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linking between the ortho-atoms 5 and 6 and 10 and 9, has been 
entirely eliminated, so that we should expect one of the isorropesis 
bands to be removed. These three compounds have been prepared 
and their spectra examined, and, as can be seen on reference to 
Fig. 1 (dotted curve) and Fig. 2 (both curves), they conform 
absolutely to what the theory foretold. ; 

A further point of interest arises in connexion with a-tetra- — 
hydronaphthalene; both rings are now exactly similar, and so the | 
pulsating movements of the molecule should be more regular and . 
less distorted than in naphthalene itself. In fact, the motions © 
may be directly compared with those of p-xylene, and may be © 
represented in their extreme phases as follows: 


CH, 


4H, H, H, CH, 
? \ 
H, H, H, af 
_ 
a-Tetrahydronaphthalene. p- Xylene. 


The benzenoid absorption bands of a-tetrahydronaphthalene 
should closely resemble those of p-xylene. The absorption of 
p-xylene has already been described (Baly and Ewbank, Trans., 
1905, 87, 1355), and shows two absorption bands of exactly the 
same type and in exactly the same position as the two of a-tetra- 
hydronaphthalene. The oscillation frequencies of the heads of the 
bands in each case are: 
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1/A=3650 and 3730. 


The three reduced naphthalenes thus afford complete support to 
the theory advanced above, and, moreover, enable us to determine 
yhich of the two isorropesis bands of naphthalene can be attri- 
buted to each of the two isorropic processes. The results obtained 
yith the a-tetrahydro-compound show that the band at 1/A=3125 
i; due to the isorropesis when the carbon atoms 5 and 10 are 
undergoing a make and break of a meta-linking, so that the band 
at 1/A=3220 is due to the isorropesis occurring when the atoms 
j and 10 are undergoing a make and break of an ortho-linking. 
We have been encouraged by these results to examine the absorp- 
tin of some other aromatic hydrocarbons, namely, acenaphthene, 
aenaphthylene, fluorene, anthracene, chrysene, phenanthrene, 
dibenzyl, and diphenyl. The absorption curves of the first two 
are shown in Fig. 3 (full and dotted curves), and, as can be seen, 
are identical for the smaller concentrations, whilst at higher con- 
entrations acenaphthylene shows a new set of bands (to which 
its visible colour is due). These last-mentioned bands must clearly 
te due to the isorropesis arising from the external double linking. 
A very striking similarity between both these compounds and 
uphthalene is to be seen, for they exhibit very strongly the 
band at 1/A=3123. This is the band which appears in a-tetra- 
iydronaphthalene, so that the pulsating motions of acenaphthene 
ad acenaphthylene must be very similar to those of naphthalene. 
This, however, is only to be expected from their structure, since 
ve must have the two extreme phases respectively : 


(H,-CH, CH=CH 


CH,— CH CH——CH 
| 
| 

ne 
of © 
8, 
he The curves of fluorene and anthracene are shown in Figs. 4 and 5 
‘a- 2 hl curves), and, as can be seen, show a marked similarity in that 
he | @ “y both possess the four isorropesis bands at 1/A= - 2680, 2800, 


*M), and 3090, although the shape of the curves are materially 
dierent in other respects. In Fig. 5 (dotted curve) is shown the 
&23 
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absorption curve of dihydroanthracene, which only 
fluorene by the additional CH, group: 
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Full curve, Anthracene. 
Dotted curve, Dihydroanthracene. 


The curves of the two are very similar, but two of the isorropesis 7 


bands of fluorene are almost absent in the curve 


anthracene. The play of forces occurring in the three last com-= 
pounds is dependent on the CH, group, which possesses a peculiar 
type of residual affinity which we propose to submit to future 
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investigation. This residual affinity depends on the substitution 
of the hydrogen atoms of methane by electro-negative groups, and 
evidences of this have already been observed in the case of benzyl 
alcohol and benzyl ethyl ether (Baly and Collie, Joc. cit.), which 
joth show small bands due to isorropesis between the phenyl group 
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ai the sidechain. This effect is most strikingly exhibited in 
“auzyl, the absorption curve of which is shown in Fig. 6 (dot 
ad dash curve). 
Ihe absorption curves of chrysene and phenanthrene are shown 
“Fy. 3 (dot and dash curve) and Fig. 6 (full curve), and, although 
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certain regularities can be observed, the motions are too complex 
to permit of their elucidation until after the reduced derivatives 
have been examined. 

In order to complete the series, we have included the absorption 
curve of diphenyl (Fig. 6, dotted curve), which only shows general 
absorption. 

The absorption spectra of phenanthrene and anthracene have 
also been examined by Hartley (Trans., 1881, 39, 153), and only 
minor differences are to be noted in our curves. 


Conclusions. 


1. The absorption spectrum of naphthalene shows three absorp- 
tion bands, two narrow ones at 1/A=3125 and 3220, and a broad 
one at about 1/A=3700. The third of these is due to the benzenoid 
motions of one ring, whilst the first two are due to the isorropesis 
between the benzenoid motions of one ring and the ethylenic system 
of double linkings of the other. 

2. The isorropesis can be explained by adopting the view that 
the naphthalene molecule is in a state of pulsation like the benzene 
molecule. Evidence of this pulsation is especially strong in the 
cases of a-tetrahydronaphthalene, acenaphthene, and _ acenaph- 
thylene. 

3. The absorption spectra show that very similar play of forces 
are present in fluorene, anthracene, and dihydroanthracene. These 
are due to the presence of the CH, group, the inherent character 
of which is at present being studied. 


Our thanks are due to Professor Collie for the interest he has 
taken in the investigation, and also to the Chemical Society for a 
grant in aid of the work. 
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CXCL—Colour and Constitution of 4 zomethine 
Compounds. Part II. 
By Frank Geo. Pore and Ropert FLemine. 


In a previous communication (Trans., 1908, 93, 532), it was shown 
by one of us that azomethine compounds containing a nitro- and a 
hydroxy] group in the para-position to one another show an entirely 


le 
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different absorption spectrum from that exhibited by their sodium salts, 
and the conclusion was drawn that the alkali salts possess a quinonoid 
structure, whilst the free azomethine compounds contain the unaltered 
hydroxyl group. In the present investigation, the ethers of the 
azomethine series and the salts formed by the azomethines and their 
ethers with hydrochloric acid have been examined. The azomethines 
and their ethers show similar absorptions in neutral solvents, whilst 
the hydrochlorides, which are almost without exception deeply coloured 
(bright yellow) compounds, show absorption in quite a different region 
of the spectrum, The simplest members of the series are colourless, 
crystalline solids, and show no absorption in the visible spectrum, 
whilst the hydrochlorides, on the other hand, shows a distinct band in 
the blue and violet regions of the spectrum. Thus it seems necessary 
to conclude that the salts of the azomethines and their ethers must 
possess a different structure from the parent substances, and in the 
opinion of the authors it seems most rational to regard them as 
oxonium salts, thus : 


> CHyN ot C2Hs) oy 


(CHS H)Son—S; om 

0: ‘CHNHC > 

This formula also brings the azomethine ac = agreement with 

Hewitt and Mitchell’s observation (Trans., 1907, 91, 1251), that the 

lengthening of the chain of alternate double and single linkings 

accompanies the shifting of the absorption to the red end of the 
spectrum. 

The hydrochlorides described were prepared by dissolving the 
azomethines in pure benzene and saturating the solution with hydrogen 
chloride. The precipitated hydrochloride was collected, washed with 
light petroleum or benzene, and dried ona porous tile. In most cases 
the hydrochlorides obtained were stable, but in one or two instances 
analytical data have not been obtained, owing to the instability of 
the compounds. 


” a 
:, 


EXPERIMENTAL 


Benzylidene- p-aminophenol hydrochloride, C,H,*CH:N-*C,H,-OH,HCI, 
is obtained as a yellow, microcrystalline powder, which decompenee 
when heated to 132%. It is readily soluble in hot alcohol ; 

03562 gave 0°2142 AgCl. HCl=15-34. 

C,,H,,ON,HCI requires HCl = 15°63 per cent. 

Benzylidene-p-anisidine hydrochloride, C,,H,-CH:N+C,H,:O- ‘CH,,HCI, 
is a sulphur- yellow, microcrystalline powder. It alia at 70°: 

3412 gave 0°1886 AgCl. HCl=14:06. 

C,,H,,ON,HCl requires HCl = 14°55 per cent. 
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Benzylidene-p-phenetidine hydrochloride, 
C,H,-CH:N-C,H,°O°C,H,,HCI, 
is a pale yellow, crystalline powder. It decomposes at 138—139°; 
0°3455 gave 0°1888 AgCl. HCl=13°90. 
C,,H,,ON,HCI requires HCl = 13-96 per cent. 

Anisylideneaniline hydrochloride, CH,*O°C,H,-CH:N°C,H.,HCI, 
crystallises in minute, sulphur-yellow needles, which decompose at 
114°: 

0°175 gave 0°1016 AgCl. HCl=14°75. 

C,,H,,ON,HCI requires HCl= 14:55 per cent, 

Anisylidene-a-naphthylamine, CH,*O°C,H,*CH:N:C,,H., is obtained 
when equivalent quantities of anisaldehyde and a-naphthylamine are 
dissolved in absolute alcohol and the solutions mixed together. It is 
precipitated by the addition of water, collected, washed with water, 
and finally recrystallised from hot alcohol. It forms small, colourless, 
glistening plates, which melt at 100—101°: 

02432 gave 0°7374 CO, and 0°1292 H,O. C=82°68; H=5:90. 

C,,H,,ON requires C= 82:76 ; H=5°75 per cent. 

The hydrochloride separates as a dark yellow, semi-crystalline powder, 
which gradually decomposes on exposure. It decomposes when heated 
to 211°: 

0°3386 gave 0°1482 AgCl. HCl=11-21. 

C,,H,,ON,HCI requires HCl = 12°2 per cent. 
o-Hydroxybenzylidzne-p-nitroaniline hydrochloride, 
HO-C,H,-CH:N-C,H,*NO,,HCI, 
separates as an orange-yellow powder, which melts and decomposes at 
179—180° : 
0 2851 gave 071455 AgCl. HCl=12°8. 
C,,H,,O,N., HCl requires HCl = 13°10 per cent. 
o-Hydroxybenzylideneaniline hydrochloride, 
HO-C,H,-CH:N-C,H,,HCI, 
forms pale yellow, microscopic needles, which melt at 91°: 
06198 gave 03774 AgCl. HCl=15°47. 
C,,H,,ON,HCI requires HCl = 15°63 per cent. 

o-Hydroxybenzylidene-a-naphthylamine, HO:C,H,CH:N:C,oH;, is 
obtained when equivalent quantities of salicylaldehyde and a-naphthyl- 
amine are separately dissolved in alcohol, the solutions mixed, and 
allowed to stand for some time. On the addition of water to the 
solution, an oil separates, On pouring off the supernatant liquor and 
allowing the oil to stand for some time, it gradually erystallises 1 
stellate groups of needles. These were dried and recrystallised from 
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ienzene, from which they separate in pale yellow needles, melting 
at 53°: 

0:3628 gave 10972 CO, and 0°1724 H,O. C=82:48; H=5:27. 

C,,H,,0N requires C = 82°59 ; H=5:27 per cent. 

The hydrochloride, on precipitation from a henzene solution, separates 
st first as a semi-liquid mass, but, on standing for some time, gradually 
wlidifies to a bright yellow, amorphous powder, which decomposes at 
0: 

05235 gave 0°2724 AgCl. HCl=13:19. 

C,,H,,ON,HCI requires HCl = 12°88 per cent. 
p-Vitrobenzylidene-o-anisidine, NO,*C,H,CH:N-C,H,yO-CH,, — is 
obtained by warming equivalent quantities of its generators in 
akoholic solution. On cooling, a yellow, crystalline mass separates. 
This is collected, washed with very dilute alcohol, and _ finally 
werystallised from dilute alcohol. It forms sulphur-yellow plates, 
which melt at 111°: 
02286 gave 05484 CO, and 0:0999 H,O. C=65'45; H= 4-42. 
C,,H,.0,N, requires C = 65°62 ; H= 4°68 per cent. 

Ths hydrochloride is a very pale yellow, amorphous powder, which 
decomposes at 141°: 

01874 gave 0°086 AgCl. HCl=11°67. 

C,,H,,.0,N,,HCl requires HCl = 12°47 per cent. 

p-Nitrobenzylidene - p- anisidine, NO,*O;H,CH:N-C,H,°0-CH,, _ is 
obtained by mixing equivalent quantities of its generators in alcoholic 
wlution. The mixture sets to a mass of yellow crystals. These are 
llected, well washed, and recrystallised from absolute alcohol. The 
compound is thus obtained in golden-yellow leaflets, which melt at 
(39, and are only sparingly soluble in hot alcohol : 

IME gave 0-466 CO, and 0:0856 H,O. C=65°38; H=4°9. 

C,,H,,O,N, requires C = 65°62 ; H = 4°68 per cent. 

The hydrochloride forms a mass of microscopic, sulphur-yellow 
crystals, which decompose when heated to 200° : 

JI886 gave 00975 AgCl. HCl= 13°14. 

C,,H,,0,N,,HCl requires HCl= 12°47 per cent. 
pVitrohenzylidene-p-phenstiding, NO,°C,H,-CH:N°C,H,°O°C,H,, is 
prepared by a similar method to the above anisidine compound. It 
‘ystallises in sulphur-yellow needles, which melt at 130-5°, and are 
wly sparingly soluble in hot alcohol : 
/1701 gave 60-4174 CO, and 00836 H,O. C=66:92; H=5°50. 
C,;H,,O,N, requires C = 66°67 ; H=5:18 per cent. 
The hydrochloride is obtained in small, bright yellow needles, which 
compose at 196° . 


—————-— 
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0°2354 gave 0°105 AgCl. HCl=11°34. 
C,,H,,0O,N,,HCI requires HCl = 11-90 per cent. 
p-Vitrobenzylidene-1-amino-B-naphthol hydrochloride, 
NO,°C,H,*CH:N:C,,H,-OH, HCI, 
forms small, brownish-coloured needles, which decompose at 230—233; 
0°1534 gave 0:0688 AgCl. HCl=11°40. 
C,,H,,.0,N,,HCl requires HCl= 11°11 per cent. 
o-Nitrobenzylidene-p-aminophenol, NO,*C,H,*CH:N-C,H,-OH, is ob- 
tained by mixing equivalent quantities of its generators in dilute acetic 
acid solution. On the addition of water to the solution, a pale yellow 
precipitate is formed. This is collected, washed, and crystallised from 
dilute alcohol, from which it separates in long, yellow needles melting 
at 159°: 
0:2392 gave 0°5595 CO, and 0°0902 H,O. C=63'79 ; H=4-22. 
C,,H,,0,N, requires C = 64°46 ; H = 4°13 per cent. 
The hydrochloride is a bright yellow, amorphous powder, which 
decomposes at 216°: 
0°2758 gave 0°1398 AgCl. HCl=12°89. 
C,,H,,O,N,,HCl requires HCl = 13:11 per cent. 
2 : 4-Dinitrobenzylidene-p-phenetidine, 
(NO,),C,H,"CH:N-C,H,°O°C,H,, 
is prepared by mixing equivalent quantities of its generators in hot 
alcohol. On the addition of water, a brownish-yellow precipitate is 
obtained. This is collected, well washed, and crystallised from much 
hot alcohol. It forms tufts of brownish-yellow needles which melt at 
135° and are only very sparingly soluble in hot alcohol or benzene. 
It undergoes a certain amount of decomposition on exposure : 
0°137 gave 0°2848 CO, and 0°0554 H,O. C=56°69; H=4°2. 
C,,H,,0,N, requires C=57'14 ; H=4:12 per cent. 
p-Vitrobenzylidene-2-nitro-p-phenetidine, 
NO,°C,H,-CH:N-C,H,(NO,)°O-C,H,, 
is obtained by mixing its generators in hot alcohol. It separates on 
the addition of water as a mass of cinnabar-red crystals. These 
are collected, well washed, and crystallised from dilute alcohol, from 
which deep orange-red needles melting at 84° are obtained : 
0°1445 gave 0°301 CO, and 00583 H,O. C=56°75; H=4°48. 
C,,H,,0,N, requires C = 57°14; H=4°13 per cent. 
On passing hydrogen chloride into a benzene solution of the above 
compound, a greyish-coloured precipitate is formed, which is in all 
probability the hydrochloride, but no analytical data could be obtained, 
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since on exposure to air the substance regenerates the deep red 
qomethine compound with great rapidity. 

The hydrochloride of p-nitrobenzylidene-p-aminophenol has also been 
prepared, but not as yet in a pure condition. It is a buff-coloured 
powder, but apparently undergoes a certain amount of decomposition 
when drying, since, on analysis, it gave the following numbers : 

04334 gave 02479 AgCl. HCl=14°54 

03638 ,, 0°2098 AgCl HCl= 14°67. 

C,3H,90;N,,HCl requires HCl= 13:11 per cent. 


Our thanks are due to Mr. O. R. Howells for much assistance with 
the analytical data, and to the Research Fund Committee of the 
Chemical Society for a grant which has partly defrayed the expense of 
this work. 


East LoNDON COLLEGE. 


CXCIL—The Relation between Viscosity and Chemical 
Constitution. Part III. The Enol-ketonic Tauto- 
merism. 

By ALBert Ernest Dunstan and JAmes ARTHUR STUBBS. 


Most of the evidence derived from the physical examination of 
tautomeric compounds of the ethy] acetoacetate type shows that in 
the ordinary liquid condition the ketonic form predominates. 

Briihl (Zeitsch. physikal. Chem., 1900, 34, 31), from determinations 
of the molecular refractivity and molecular dispersion, concluded that 
the free ester is mainly ketonic, whereas its sodium compound is 
enolic. Moreover, he showed that negative groups favour the enolic 
structure ; thus acetylacetone is most probably dienolic : 


CH,°CO-CH,°CO-CH, —+> CH,*C(OH):C:C(OH)-CH,. 

Perkin (Trans., 1892, 61, 800) also concludes that ethyl aceto- 
acetate is a true ketone, and that acetylacetone consists of 30 per 
cent. of the mono- and 70 per cent. of the dienolic forms: 
CH,CO-CH,-CO-CH, -> 

CH,°C(OH):CH-CO-CH, + CH,*C(OH):C:C(OH):-CHg. 

The same observer (Joc, cit.) points out that ethyl acetylacetone is 
ketonie, CH,*CO-CH(C,H,)*CO-CH,, and maintains that positive 
tadicles favour the ketonic structure. The ketonic modification is 
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also formed in increasing amounts when the temperature rises, 
pointing to a state of equilibrium which is influenced by temperature, 

Schaum (Ber., 1898, 31, 1964) dotermined the molecular solution 
volume in many solvents, and showed that the gradual change in this 
property was due to a change in the equilibrium. 

Drude (Ber., 1897, 30, 940), in his observations on anomalous 
electric absorption, demonstrated that ethyl acetoacetate was in the 
main ketonic, since the high frequency radiation was not absorbed, as 
would be the case for an hydroxylated compound. 

In general, it has been found that the change from the ketonic to 
the enolic form is accelerated by bases, and the reverse change 
brought about by such solvents as chloroform ; thus Knorr (Annalen, 
1896, 293, 70) converted the enolic dibenzoylsuccinic ester into the 
ketonic form by simple heating, and formylphenylacetic ester from 
the enolic to the ketonic form by the action of water, but effected the 
reverse change by means of benzene. 

Lowry (Trans., 1899, 75, 241) explains the ketonising effect of 
piperidine, and the enolising effect of sodium ethoxide, by assuming 
a loose combination between the reagent and the enol-ketonic 
compound. Each of these loose compounds may then react with 
a third substance present, for example, benzylideneaniline, liberating 
the piperidine or sodium ethoxide, which is then available for further 
transformation. 

Our own results support Lowry’s view so far as piperidine is 
concerned, for the marked increase in viscosity when piperidine is 
added in increasing amounts to ethyl acetoacetate is evidently due 
to combination between the two substances. 

In the present communication, we have determined the viscosity of 
ethyl acetoacetate alone, and in solution with benzene, pyridine, 
aleohol, and 50 per cent. aqueous alcohol as solvents, also of ethyl 
ethylacetoacetate and ethyl diethylacetoacetate alone, and in solution 
with benzene, alcohol, and pyridine as solvents. 

We have also investigated the effects of time on the viscosity 
of acetoacetic ester, and the result of adding piperidine and sodium 
ethoxide to the pure ester. A summary of the investigation will be 
found at the end of the paper. 


The pure materials used were supplied by Kahlbaum, and were 
purchased with a grant from the Research Committee of the Chemical 
Society, to whom we make this grateful acknowledgment. 
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EXPERIMENTAL. 


The details of the methods employed will be found in our previous 
gmmunications. All determinations were carried out at 25°; the 
jensities corrected for displaced air are given with respect to water 
at 4. The solvents were carefully purified by distillation over 
wppropriate dehydrating agents. 


Ethyl Acetoacetate (b. p. 80°/20 mm.) and Benzene (b. p. 80°4°). 


Time of flow, 


Per cent. ester, in seconds, Density 25°/4°. Viscosity. 
0'0 42°2 0°8736 0°006145 
2°78 42°3 0°8770 0°006170 

10°47 43°4 0°8869 0°006147 

43°56 51°1 0°9324 0°007942 

93°88 83°4 10126 0°01407 
100°0 88°5 1‘0222 0°015081 


The curve falls into class 1 of our system (Trans., 1907, 91, 83), 
aud indicates that little mutual action has proceeded in the solution. 


Ethyl Acstoacetate and Ethyl Alcohol (b. p. T7°8°/755 mm.). 


Per cent. ester. 


Time of flow. 


Density 25°/4°. 


V iscosity. 


00 81°3 0°7875 0°01067 
8 05 76°5 0°8025 001023 
86°28 67°1 0°8605 0°009625 
46°71 66°5 0°8832 0°009791 
64°02 67°3 0°9244 0°010370 
100°0 88°5 1°0222 0°015081 


This curve belongs to class 3, and exhibits a minimum point of 
precisely similar nature to those given by alcohol and benzene (T'rans., 
104, 85, 822). It should be noticed particularly that mixtures of 
acetone and alcohol afford a type of curve which very closely resembles 
that of ethyl] diethylacetoacetate and alcohol, and has only a general 
reseublance to that furnished by ethyl acetoacetate and alcohol. The 
lull significance of this will appear in the sequel. 


Ethyl Acetoacetate and Pyridine (b, p. 115°). 


Percent. ester. Time of flow. Density 25°/4°. Viscosity. 


0°00 54:0 0°97817 0008805 
1711 56°6 0°9853 0°009297 
32°09 60°0 0°9916 0°009918 
51°00 65°4 0°9999 0°01090 
11°07 73°3 10091 0:01233 

100°00 88°5 1°0222 0°015081 


iil 
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Ethyl Acetoacetate and 2: 6-Lutidine (b. p. 173°). 


Per cent. ester. 


0°00 
10°9 
32°63 
52°01 
88°55 
100°0 


This curve belongs to class 1. 


Time of flow. 


54°6 
56°6 
60°8 
67°2 
81°6 
86°1 


Density 25°/4°. 


0°9324 
0°9413 
0°9598 
0°9769 
1°0112 
1°0222 


Viscosit y. 


0°008885 
0°009298 
0°01018 
0 01146 
0°01439 
0°01536 


Ethyl Acetoacetate and 50 per cent. Aqueous Alcohol. 


Per cent. ester. 


0°00 
14°13 
32°32 
61:23 
100-00 


This curve belongs to class 1. 


Time of flow. 


145°0 
131°6 
119°2 
102°8 

86'1 


Density 25°/4°. 


0°9101 
0°9243 
0°9444 
0°9770 
1°0222 


Viscosity. 


0°02303 
0°02123 
0°01965 
0°01753 
0°01536 


Ethyl Ethylacetoacetate (b. p. 198°) and Benzene. 


Per cent. ester. 


0°00 
17°75 
24°98 
36°13 
100-00 


This curve is of the same type as that given by the ethyl acetoacetate, 
but the sagging is less pronounced. 


Per cent. ester. 


0-00 
5°44 
23°80 
41°24 
71°31 
87°87 
100°00 


This curve belongs to class 3, as does that of the ethylacetoacetate, 
but the minimum is less pronounced, 


Per cent. ester. 


0°00 
12°70 
40°62 
63°99 
85°33 
100°0 


This curve belongs to class 1, and closely resembles that of the ethyl 


acetoacetate, 


Time of flow. 


Time of flow, 


Time of flow. 


a 
~“I 


Density 25°/4°. 


0°8736 
0°8907 
0'8974 
0°9086 
0°9754 


0°7865 
0°7953 
0°8271 
0°8588 
0°9165 
0°9495 
0°9750 


Ethyl Ethylacetoacetate and Pyridine. 
Density 25°/4°. 


0°9742 
0°9743 
0°9750 
0°9755 
0°9751 
0°9750 


Viscosity. 
0°006145 
0°006711 
0°007076 
0°007725 
0°01667 


Ethyl Ethylacetoacetate and Ethyl Alcohol. 


Density 25°/4°. Viscosity. 


0°01079 
0°01064 
0°01038 
0°01058 
0°01203 
0°01385 
0°01679 


Viscosity. 
0°008-28 
0°009352 
0°01101 
001268 
0°01491 
0°01679 


Th 
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Per cent. ester. 
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Ethyl Diethylacetoacetate (b. p. 218°) and Alcohol. 


0°00 
15°66 
20°74 
28°56 
91°78 
00°0 


Time of flow. 


Density 25 


81°3 0°7875 
80°9 0°8112 
81°0 0°8200 
82°0 0°8325 
138°3 0°9491 
173°7 0°9646 


/4°. 


Viscosity. 


0°01067 
0°01094 
0°01107 
0°01138 
0°02188 
0°02793 


1923 


This curve is of class 1, but has a similar sag to that of acetone and 


alcohol. 


Absolute viscosity. 


Fie. 1. 


0°0280 


0°0260 


0°0240]_ 


0°0220 


0°0200 


0°0180 


+ 


0°0160 


0°0140 


0°0120 


0°0100 


0-0080 


0°0060 


0 


20 40 60 


Percentage of benzene. 
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Per cent. ester. 
0°00 
3°65 
14°16 
49°52 
68°19 
100°00 


This curve is 


Absolute viscosity. 


Ethyl Diethylucetoacetate and Benzene. 


Time of flow. Density 25 
42°2 0°8736 
42°77 0°8766 
46°2 0°8851 
64°6 0°9171 
84°8 0°9345 
73°7 0°9646 


in elass 1. 


Fic. 2. 


*/4°, 


Viscosity . 


0°006145 
0°006240 
0°006817 
0009876 
0°01321 
0°02793 


00280 - 


0°0260 


0°0240 -— 


0°0220 


0°0200 


0°0180 


0°0160 


0°'0140 


0°0120 


Q°0100F 


00080 -———_—_+_____|____. 


0°0060 


0 20 40 60 
Percentage of alcohol. 
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Ethyl Diethylacetoacetate and Pyridine. 


Per cent. ester. Time of flow. Density 25°/4°, Viscosity. 
0°00 54°0 0°9782 0:008805 
2°83 55°0 )°9781 0°008967 
691 56°6 0°9777 0°009225 

21°10 62°4 0°9758 0°01015 
50°83 83°2 0°9719 0°01348 
100°00 1737 0°9646 0°02793 


This curve is in class 1. 


Fic. 3. 
0°0280 
00260 Se ee 
0°024€ a; ees Tee © 
0°0220 | ee ts 
0-0200 
: ¢ 
= 00180 - 
2 og 
=  0-0160 
00140 


0°0120 


0°0100 


0°0080 


0°0069 
0 20 40 60 80 100 


Percentage of pyridine. 


The effect of piperidine on ethyl acetoacetate was next studied, 
The pure ester had a time of flow of 87°2 seconds. On adding 4°5 per 
VOL. XCHI. 6 M 
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cent. piperidine, the time of flow was 98°6 seconds, and when the cop. 
centration reached 7°5 per cent., the time of flow became 107-4 
seconds. For piperidine itself, the time of flow was 124-2 seconds, 
This gives a curve which would fall into class 2, and is indicative of a 


combination between piperidine and the ester, 


Fic. 4. 
0-0280- 
0-0260 
0°0240 
00220 VA 
"A 
\. 
0-0200 or | 
ie) 
° 
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In a similar way, a trace of sodium ethoxide raised the time of 
from 87-2 to 87°8 seconds. The ester (time of flow, 87°2 seconds) 


Percentage of solvent. 


flow 
, on 


redistillation, gave a time of flow of 87°7 seconds. This is in acco 
with the observation of Schaum (see introduction). 
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Comparison of the Curves (Figs. 1, 2, 3, 4). 


In Fig. 1 are plotted together the results of the measurements in 
benzene solution. It is obvious that a close similarity obtains, a fact 
that points to a similarity of structure in the three esters. Mention 
should be made here of the striking difference in viscosity between 
the diethyl ester and the other two. Now, if ethyl acetoacetate were 
as completely ketonic as the ethyl derivatives, we should expect a 
considerable viscosity interval between ethyl acetoacetate and ethyl 
ethylacetoacetate. The viscosity curve of the former, however, 
approximates te the latter, which is explicable according to the views 
we have brought forward from time to time on the assumption that 
ethyl acetoacetate is partly enolic. 

Fig. 2 illustrates the results obtained from the alcoholic solutions, 
Now, one of us showed (Trans., 1904, 85, 820) that the acetone- 
alcohol mixture is an exaggerated variety of class 1, that is, the sag is 
most prominent and verges on a minimum point. 

The three curves in this diagram bear out the resemblance to the 
acetone curve, greater in the case of the diethyl ester, less in the 
case of ethyl acetoacetate itself. Again, the same conclusion may be 
drawn, The diethyl ester is the most ketonic, ethyl acetoacetate 
being partly (and considerably) ketonic. 

Fig. 3 contains the data afforded by the pyridine solutions. The 
ame point is brought out here again; the three curves are of the 
same type; apparently pyridine ketonises the ethyl acetoacetate as 
efectually as does benzene. 

Fig. 4 demonstrates that both in 50 per cent. alcohol and in 
?:6-lutidine the ketonic form predominates. 


We are extending this investigation to other instances of tautomeric 
sibstances. 


PaYsIcAL CHEMISTRY LABORATORY, 
East Ham Tecunica, CoLuEcr. 
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CXCIII.—Contributions to the Chemistry of the Choles- 
terol Group. Part II. Some Oxidation Products 
of Sitosterol., 


I 
By Rosert Howson Pickarp and Josepn YartéEs, 
sy the action of hydrogen peroxide on cholesterol (see Part I, this 
vol., 1678), it is possible to obtain,an almost quantitative yield of the ’ 
first product of the oxidation of this alcohol. This splendid reaction 
induced us to investigate the applicability of the reagent to a member 
of this group of alcohols derived from the vegetable kingdom. These 
compounds are found only in small amounts, but are very widely T 
distributed in plant life. Perhaps the best source is the so-called forn 
wheat “ germs,” once a waste product of the flour-mill, but now used the 
as a constituent of various patent breads. The fat from wheat bein 
“germs,” as shown by Burian (Monatsh., 1897, 18, 551), contains an 
alcohol named by him sitosterol, which is closely allied to cholesterol, / 
Researches by Windaus and Hauth (Ber., 1997, 40, 3681) on the fat . 
derived from Calabar beans seem to indicate that sitosterol is a 
constituent of most vegetable cholesterols (the phytosterols). 
Sitosterol behaves with hydrogen peroxide in a very similar manner 
to cholesterol, and easily yields a triol. 
Having prepared by this reaction a quantity of the initial product of 
the oxidation of sitosterol, we proceeded to prepare some further oxida- 
tion products by methods partly analogous to those applied to the Th 
cholesteryl derivatives by other investigators (see Part I, Joc. cit.; germ: 
Mauthner and Suida, Monatsh., 1896, 17, 579, and Windaus, Ber., boilin 
1906, 36, 2754). We have found that there is a great similarity in Visco 
the behaviour of the two series of compounds, but no members of the substi 
two series are identical. This analogous behaviour of the sitosteryl The 
derivatives suggests that this alcohol, like cholesterol (compare aleohc 
Windaus, Joe. cit.), possesses a terminal vinyl group. The a 
The compounds obtained are tabulated below, with the melting water 
points and empirical formule compared with those of the corre precip 
sponding cholesteryl derivatives, but it must be remembered that the fable 
analysis of all these compounds is difficult (see Part I), and the results produ 
somewhat ambiguous. Uwing 
remov: 
repeat 
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M. p. of correspond- 
ing cholestery! 


Name. * M. p. Formule. derivative. 
1. Sitosterol ............... FD ot 138° CpH yO 147° 
- BOCTIAE cided sscitsvccssecess 128 113 
is phenylcarbamate ......... 158 168 
II. Dehydrositostanetriol ............... 252 CoH 4,93 239! 
= diacetate...... 138—139 165 
III. Dehydrositostanedionol ..... pikeneaies 256 C.;H,.0, 231 2 
IV, Dehydrositostenedione ............... 166 Cy,H 40. 1222 
Monophenylhydrazone ............ ; 247 271 * 
V. Dehyeirositestanedions edeeanesionan 196 CyH 0, 1694 
oe dioxime ...... 187 205 3 
VI. Ketodicarboxylic acid..,........ ...... 236 CH,,0; 219? 
g, MEMO ORBOE 5 esnsigi cons sssncs one 107 113—114 * 
ENT Cae ares 0 (about) 76 3 
1 Part I. 2 Mauthner and Suida, Zoc. cit. * Windaus, loc. cit. 


The relationship between some of the cholestery] derivatives is 
formulated in Part I (doc. cit.). A similar relationship is probable in 
the case of the sitosteryl derivatives, that between Il, V, and V1 
being represented below : 


C,,H,,"CH:OH C,.H,,"CO C,,.H,,-CO 
iN | di \ | - i. 
CH, CH-CH:OH CH, CH-CH, CO,H CH:CH, 
\4 Mo 
CH-OH CO CO,H 
(II.) (V.) (VI.) 


EXPERIMENTAL. 
Source of Sitosterol. 


The sitosterol used in these experiments was prepared from wheat 
germs (compare Burian, Joc. cit.). These were extracted first with 
boiling methylated spirit, and, after removal of the solvent, the 
viscous mass was agitated with ether to separate the fat from other 
substances extracted by the alcohol. 

The fat thus obtained was hydrolysed by potassium hydroxide in 
ileoholic solution until a test portion dissolved completely in water. 
The aleohol was then distilled off, and the product dissolved in hot 
water. Calcium chloride solution was then added until no further 
precipitation occurred, when the insoluble calcium salt and unsaponi- 
fable matter were removed by filtration and thoroughly dried. This 
product was then extracted four or five times with boiling acetone. 
Uwing to the presence of undecomposed fat in the product left after 
‘moval of the acetone, the hydrolysis and subsequent treatment were 
peated two or three times. 


* A nomenclature analogous to that by Windaus (Arch, Pharm., 1908, 246, 117) 
‘cholesteryl derivatives is followed throughout. 
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The sitosterol ultimately obtained was crystallised from alcohol, l 
dried, and converted into the acetate by boiling for thirty minute; vit 
with its own weight of acetic anhydride. The sitosterol acetate (m, p. solu 
128°)’ was then hydrolysed, and the resulting sitosterol crystallised crys 
several times from alcohol. It crystallises in lustrous plates, which are clus 
similar in appearance to cholesterol and melt at 138°. After heating 0 
at 100°, the substance had [a], —34°4° (with c=5°5 in chloroform) 
and [a], —23-21° (with c=2-9 in ether). T 

The amount obtained from two sacks of “ germ” (representing lise 
about 200 tons of wheat) was 60 grams. hyd 

Sitosteryl Phenylcarbamate.—The phenylcarbamates of these alcohols 
are probably the derivatives best suited for their characterisation, since 
they are quickly prepared and are easier to crystallise than the 5 
benzoates which have hitherto been employed.  Sitosteryl pheny/- acid 
carbamate was prepared by heating together equivalent quantities of on 
sitosterol and phenylcarbimide for two hours at 160°. It crystallises af 
readily from glacial acetic acid in very lustrous plates or needles, ra 
which melt at 158°: whe 

0-2470 gave 6-2 c.c. N, (moist) at 21° and 734 mm. N=2+74. ” 

C,,H,,0,N requires N = 2°78 per cent. 0° 

0'9745, made up to 25 ¢.c. with benzene, gave a — 2°03°; whence 

fa]? — 26-03°. 
Dehydrositostanetriol. 

A mixture of sitosteryl acetate (36 grams), glacial acetic acid " 
(250 e.c.), and hydrogen peroxide (20 ec. of Merck’s perhydrol) was i 
heated on the water-bath for one hour. An oil separated out at - 
first, but, after a short time, the mixture became clear, and when ic 
cold deposited a solid, which, when dry, melted indefinitely at about 0 : 
210°. Water was added to the filtrate, and precipitated a pasty phe 
solid, which, with the other product, was heated for three hours with yell 
an excess of an alcoholic solution of sodium ethoxide. The mixture - 
was then poured into water, and the resulting precipitate, when at 16 
dry, extracted three times with hot benzene. The insoluble residue 01 
left was the pure triol melting sharply at 252°. When cold, the 
benzene solution deposited a further quantity of the triol, the total Th 
yield of which amounted to about 60 per cent., whilst unaltered event 
sitosterol was recovered from the benzene filtrate. ; plac 

The triol is more or less soluble in the common organic media enya 
with the exception of light petroleum. It is very sparingly soluble point: 
in cold benzene, from which it crystallises in masses of felted needles none 
which melt at 252°: chlor 

0:1196 gave 0°3370 CO, and 0:1227 H,O. C=76-9; H=1]4 “A 


C.,H,,O, requires C=77°5; H=11°0 per cent. 
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Diacetate.—The diacetate is easily prepared by heating the triol 
with acetic anhydride and sodium acetate for thirty minutes. It is 
luble in most organic media, except light petroleum. The best 
arystallising medium is acetic anhydride, from which it separates in 
ysters of needles melting at 138—139°: 

06501, boiled with a solution of sodium hydroxide, neutralised 

00992 NaOH. The calculated amount for C,,H,,0,Ac, is 0°1036. 
The propionyl and benzoyl derivatives were prepared, but crystal- 
lised badly. All the acyl. derivatives yielded the triol when 
hydrolysed. 


cl 


Dehydrositostanedionol. 


Eight grams of the triol were dissolved in 600 c.c. of glacial acetic 
acid and the solution cooled to 40°, when a solution of 8 grams of 
chromium trioxide in 100 ¢.c. of 90 per cent. acetic acid were added. 
After twenty-four hours, about 5 grams of a crystalline precipitate 
vere obtained. The dionol crystallises from acetic acid in masses of 
felted needles, which melt at, 256° and are only sparingly soluble in 
the common organic media : 

01227 gave 0°3510 CO, and 0:1192 H,O. C=7802; H=10°7. 

C,,H,.0, requires C=78°29 ; H=10°1 per cent. 


Dehydrositostenedione. 


The dionol readily loses the elements of water, and yields an 
wsaturated ketone. The reaction is carried out as follows: The 
dionol suspended in chloroform is treated with dry hydrogen chloride 
in the cold, when it slowly dissolves, forming a yellow solution. 
After thirty minutes, the solution is washed with water and dried. 
Qn removal of the solvent, the unsaturated ketone remains as a 
yellow, crystalline mass. It is soluble in most solvents, and 
arystallises well from methyl alcohol in yellow leaflets, which melt 
at 166°; 

01202 gave 0°3616 CO, and 0°1143 H,O. C=82:0; H=105. 

C.,H,,O, requires C= 81°8 ; H=10°1 per cent. 

The substance after some time becomes much lighter in colour, 
eventually a very pale yellow. It gives a red coloration with 
glacial acetic acid, and separates from this solvent in pale red 
aystals, which gradually lose their colour on standing. The melting 
points of all these differently tinted varieties were the same, and 
uone of them gave a coloration with an ethereal solution of ferric 
chloride, It is optically active, and had in chloroform solution 
|@}) - 38°9°, 

Monophenylhydvazone.—An alcoholic solution warmed with a few 
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drops of phenylhydrazine deposits a yellow phenylhydrazone, which 
erystallises readily from acetic acid in transparent, pale yellow leaflets 
melting at 247°: 
0°1274 gave 6°8 c.c. N, (moist) at 18° and 736 mm, N=5:9, 
C.,H,,ON, requires N =5°7 per cent. 


46 


Dehydrositostanedione. 


A solution of the above unsaturated ketone in acetic acid was 
heated with zine dust for four hours, when the solution had lost its 
red colour. On pouring into water, a white precipitate was obtained 
which crystallised from ethyl alcohol in hard nodules melting at 
196°: 

0:1166 gave 0°3449 CO, and 01173 H,O. C=80°'7; H=11°1, 

C,,H,,0, requires C= 81°4; H=10°6 per cent. 

Dioxime.—The diketone treated in the usual manner with an 
alcoholic solution of hydroxylamine gave the dioxtme, which crystal- 
lises from benzene in slender, silky needles, or from methy! alcohol in 
stout prisms, and melts at 187°: 

0°1154 gave 7:0 c.c. N, (moist) at 19° and 752 mm. N=6'8, 

C,,H,,0,N, requires N = 6°5 per cent. 


Acid from Oxidation of Dehydrositostanedione, 


When the dione is heated under a reflux condenser with an acetic 
acid solution of its own weight of chromium trioxide, it is converted 
into a dibasic ketonic acid with the probable empirical formula 
C,,H,,0,. It crystallises from glacial acetic acid in transparent 
leaflets, which melt and decompose at 236°: 

0°2490 neutralised 0:0408 NaOH. The calculated quantity for a 

dibasic acid, C,,H,,0,, is 0°0446: 

0°1191 gave 0°3175 CO, and 0°1062 H,O. C=72:7; H=9°9. 

C,,H,,O, requires C=72°6 ; H=9°4 per cent. 

The acid is insoluble in water and light petroleum, and very 
sparingly soluble in benzene. 

Dimethyl Ester—The acid, when warmed with methyl alcohol and 
a few drops of concentrated sulphuric acid, yields a neutral ester, 
which crystallises from methyl alcohol in needles melting at 107°. 

The ester forms an oxime, which melts at about 90°, but the quantity 
of material remaining did not allow of its analysis or further expert 
ments with the substance. 


It appears possible that the reactions of the cholesterols with 
hydrogen peroxide may prove of service in analytical operations where 
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the detection of animal and vegetable fats is required. The extreme 
insolubility of the triols in cold benzene affords a ready means for the 
detection of cholesterol in admixture with various fats. We have 
carried out several preliminary experiments with wool-fat and butter, 
which were very encouraging, but we do not propose to experiment 
further in the analytical direction. 


MunicipAL TECHNICAL SCHOOL, 
BLACKBURN. 


CXCIV.—The Condensation of Salicylaldehyde and 
Benzamide. 
By ArtHur WaALsH TITHERLEY and Morris Epcar MARPLEs, 


Tue condensation of salicylaldehyde with amides has been studied by 

Cebrian (Ber., 1898, 31, 1592), who described a series of cyclic 

derivatives, which he named “ coumarazines,” and to which he gave the 
17° 

general formula Men dn OH 

structure of these coumarazines to the metoxazone derivatives which 

one of the authors has shown represent the tautomeric form of O- and 


O-NH Fs 
J-acylsalieylamides, (CA< GR: -' where there is a similar 


Owing to the similarity in 


hydroxylated metoxazine skeleton present, it was thought desirable to 
submit Cebrian’s derivatives to close study. Auwers (Ber., 1907, 40, 
3510), in criticising the theory of metoxazone tautomerism as applied to 
the acylsalicylamides, drew atter.tion to the difference between the 
crystalline character of the latter and the amorphous properties of the 
coumarazines, and considered that this difference precluded the 
possibility of the acylsalicylamides appearing in a metoxazone form. 

Repetition of Cebrian’s work, however, brought to light the fact 
that his so-called coumarazines are not really cyclic in structure, but 
that they are simply open-chain condensation derivatives, having a 
phenolic character similar to the condensation product (benzylidene- 
salicylamide) obtained by the action of benzaldehyde on salicylamide 
(Titherley, ‘Trans., 1907, 91, 1420). Cebrian, who considered the 
possibility of an open-chain formula, HO-C,H,;CH:N-COR, for his 
products, was led to adopt a ring formula according to the reaction : 

CH. JH: N 
OH<on “ + R-CO-:NH, = OS Facies 

His reasons were based on the properties of the resulting 
“coumarazines,” namely: (1) the difficulty with which they are 
bydrolysed ; (2) their behaviour on oxidation, yielding when R=H or 
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CH:N 
CH, the ring compound CHK 
practically no oxidation occurs. In support of the ring formula, 
moreover, Cebrian cites the inability of o0-ethoxybenzaldehyde, 
EtO-C,H,*CHO, to condense with acetamide. On the other hand, he 
notes the easy solubility of the coumarazines in alkalis, and shows how 
various salts can be prepared, from which he concludes that “ein 
aromatisches hydroxyl nachgewiesen ist.” By this it is evident that 
he assumes a phenolic character for the hydroxyl group in the ring 

CH:N 

a ! , 
CsHi<o—bR-0H 


0’ whilst, when R=(,H, 


This assumption is, however, unwarranted, and, 


although there are no exactly similar compounds of certain constitution 
known for comparison, it can hardly be doubted that a hydroxyl 
group in such a substance attached to an alkylated carbon atom 
situated between an oxygen and nitrogen atom would possess 
secondary or tertiary alcoholic characters rather than phenolic. If 
this is so the various alkylated and acetylated coumarazines which 
Cebrian has described are really open-chain compounds of the structure 
R’0-C,H,-CH:N-CO-R and AcO-C,H,-CH:N-CO-R respectively. 

The present authors have not repeated the whole of Cebrian’s work, 
but have confined themselves merely to the condensation which occurs 
between salicylaldehyde and benzamide, and the results make it clear 
that not only is no ring compound produced, but also that the 
amorphous product which Cebrian described as hydroxyphenyl- 

CH:N 

<o—CPh-OH 
salicylidenebenzamides, HO-C,H,-CH:N-CO-C,H,. Both these sub- 
stances have the amorphous and other properties attributed to them 
by Cebrian, but they differ in solubility in acetone, by means of which 
they were separated. They give the intense purple ferric chloride 
reaction characteristic of most salicylic derivatives, and possess normal 
phenolic properties. It is possible that they stand to each other as 
syn- and anti-geometrical isomerides, analogous to the corresponding 
beuzylidenesalicylamides (oc. cit.), but it is also possible that one is 4 
polymeric modification of the other. Owing to the troublesome 
amorphous character of the substances, and their lack of special 
interest, they have not been submitted to further investigation, but in 
the meantime it may be regarded as certain that, although they may 
appear in the tautomeric ring-form attributed to them by Cebrian 
and thus range themselves with the acylsalicylamides as substances 
exhibiting metoxazone tautomerism, they must be regarded as simple 
open-chain derivatives, and thus arguments based on the assumed 
cyclic structure of the ‘‘ coumarazines ” fall through. 


coumarazine, C, , isa mixture of two open-chain 
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It appeared to be of interest incidentally to ascertain whether the 

CH:N 
‘So— Ph-OH 
from the above compounds or direct from the condensation of salicyl- 
aldehyde and benzamide by modifying the conditions ; and accordingly 
a number of experiments have been made, but without success, At 
the same time, some interesting results have been obtained which show 
that the same kind of tautomeric change occurs during the process of 
condensation as occurs in the acylsalicylamide group, resulting in the 
migration of the benzoyl group (see p. 1937). 

By analogy with the production of phenylbenzometoxazone (oe. cit.) 
in the condensation of salicylamide and benzaldehyde under the 
influence of hydrogen chloride, it was thought that the above ring 
compound would be formed from salicylaldebyde and benzamide, using 
the same catalyst. Carrying out the reaction in benzene solution, 
hydrogen chloride being passed in, a ready condensation occurs, and a 
crystalline compound melting at 198° was easily obtained, which gave 
no ferric chloride reaction, and which at first was assumed to be the 
vesired derivative, C,H oe because, on analysis, the 
values for carbon, hydrogen, and nitrogen agreed with this. A study 
of the properties of the substance showed, however, that no hydroxyl 
group was present, and that on cautious hydrolysis a benzoyl group 
could be eliminated, leaving a compound of phenolic properties still 
containing benzoyl ; whilst a molecular weight determination showed 
that the value was double that required for the above formula, from 
which it was evident that the condensation had proceeded on un- 
expected lines. The references* in the literature to the condensation 
between amides and aldehydes make it clear that different results 
may be expected, but there is not sufficient evidence available to 
correlate these differences with structure of the reacting substances, 
on the one hand, and conditions of condensation, on the other. In 
general, the following main types of change have been observed : 


true ring compound C,H could be prepared either 


(a) -CH:0+NH,°COR —+> -CH(OH)-NH-COR ; 
5) _— po ae NH-COR, 

(0) CH:0+2NH,COR —> -CH<y47.c0R} 

(c) -CH:0+NH,‘COR ~+> -CH:N°COR. 


os Roth, Annalen, 1870, 154, 72; Schuster, Annalen, 1870, 154, 80; Medicus, 
Anaalen, 1871, 157, 44; Nencki, Ber., 1874, 7, 158; Hofmann and Meyer, Ber., 
om ’ 0 ; Pulvermacher, Ber., 1892, 25, 314; Michael and Jeanprétre, Ber., 
Reb 25, 1678 ; Biilow, Ber., 1893, 26, 1972; Cebrian, Ber., 1898, 31, 1592; 
re 7 Annalen, 1905, 343, 207, 272; Keane and Nicholls, Trans., 1907, 91, 
“04; Burrows and Keane, Trans., 1907, 91, 269 ; Titherley, Trans., 1907, 91, 1419. 
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In all cases the observed results can be explained by assuming ay 
aldol-like condensation (a) to occur first. In restricted cases only, 
as Ejinhorn’s observations show, can such aldol-like derivatives be 
isulated, namely, with formaldehyde, chloral, and bromal as aldehydes, 
or with halogen substituted aliphatic amides. 

Einhorn has shown that a quite general reaction occurs in presence 
of alkaline or acid catalysts between formaldehyde, on the one hand, 
and anides of all kinds, on the other (of monobasic anid dibasic 
aliphatic and aromatic acids), yielding definite aldol-like additive cow. 
pounds of a type («), namely, methylol derivatives : 


‘CO:NH, +H:CH:0 —> -CO:NH-CH,:OH. 

Such methylol derivatives are capable of condensing with (1) a 
second molecule of amide, or (2) probably with a second molecule of 
formaldehyde : 

(1) CO-NH-CH:,-OH + -CO-NH, —> ‘60°N8>cn, 
which may now condense further with formaldehyde, yielding 

i) —NH~ ,, 
-CO-N(CH,*OH)? CH 
CH,"OH 


(2) +CO-NH-CH,*OH+H-CH:0 —> ‘CONS on*.0n 


Apparently in the case of most amides and aldehydes such aldol- 
like additive compounds cannot be obtained, but Einhorn’s researches 
have thrown considerable light on the mechanism of the condensation, 
and there can be little doubt that such hydroxy-derivatives are, in all 
cases, first formed. In the majority of condensations recorded, further 
action appears to have occurred between the aldol-compound and a 
second molecule of amide, giving the type of reaction represented 


in (4): 
-CH(OH)‘NH-COR+NH,‘COR —> -CH<AH EDS. 
This type of reaction (4) occurs in the following condensations: 
between benzaldehyde and acetamide, as well as other fatty amides 
and benzamide (Roth) ; between anisaldehyde and acetamide, as well as 
benzamide (Schuster) ; between benzaldehyde and formamide (Biilow) ; 
between heptaldehyde and benzamide (Medicus) ; between acetalde- 


NHN 
hyde and carbamide, yielding the compound CH, -CH<y >? 


(Nencki)—in each case by simply heating the two substances to 
gether ; also between acetaldehyde and benzamide (Nencki) ; between 
formaldehyde and acetamide in aqueous solution (Pulvermacher) ; 
between benzaldehyde and o-methoxybenzamide (Keane and Nicholls) ; 


bing an 
23 only, 
ives be 
ehydes, 


resence 
e hand, 
dibasic 
ye com- 


(Ija 
‘ule of 


. 


SALICYLALDEHYDE AND BENZAMIDE. 1937 


between benzaldehyde and diethylmalonamide, yielding 4: 6-diketo- 
»pheuyl-5 :5-diethylhexahydrop) rimidine, CBty OO. WH CH CoH 
(Burrows and Keane)—in each case in presence of hydrochloric acid 
asacatalyst ; also between formaldehyde and benzamide under the 
influence of dilute sulphuric acid, producing dibenzoylmethylene- 
diamine, CH,(NHBz), (Pulvermacher). 

The type of change (c) has been observed in the condensation 
between benzaldehyde and mandelamide simply by heating (Michael and 
Jeanprétre), giving the compound C,H,-CH(OH)-CO-N-CH-C,H;, ; 
between salicylaldehyde and amides in presence of sodium acetate 
(Cebrian and the authors) ; between benzaldehyde and salicylamide in 
presence of sodium acetate or hydrogen chloride (Keane and Nicholls ; 
Titherley), yielding the compound HO-C,H,*CO:N:CH°-C,H,, and, by 
CO-N = 
O—CH:C,H,. 

From the above condensations, it is impossible to trace fully the 
influences at play, and predict what would happen in the case of 
salicylaldehyde and benzamide under the influence of hydrogen 
chloride. The crystalline derivative obtained was finally proved 
to be O-N-N-tribenzoylsalicylidenediamine, BzO-C,H,*CH(NHBz), 
(M.W. 450), from the fact that on cautious hydrolysis with alcoholic 
potassium hydroxide it yielded the phenolic compound 

HO:C,H,-CH(NHBz),. 

The production of such a tribenzoyl derivative in this unexpected 
manner furnishes evidence that during the condensation the benzoyl 
group wanders in a similar manner to that which has been observed 
by one of the authors in the acylsalicylamide group, and that the 
same kind of cyclic metoxazone tautomerism is at play. Moreover, 
the hydrogen chloride acts, not only as a catalyst, but also as a 
remover of ammonia, which was proved by the fact that a considerable 
quantity of ammonium chloride is produced, and that the yield is 
dependent on the continuous passage of the gas, whilst in the 
preparation of phenylbenzometoxazone by an analogous method a 
small quantity of hydrogen chloride suffices. The changes which 
occur in the condensation may be represented thus : 


rearrangement, the isomeride C,H,< 


ol 
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CH: 
CH<on ° 4 0,H,CONH, —> C ~_— NH-CO-CE, 
o/ 
o/ 
S/ 
ae 
CH(OH):NH CH(OH):N 
C.H Rearran — t 
oi ———((0H)-0,H, ——> AV<6.c0- C, =" — 
CH:0 
OH<,, co-c,H, + SHC. 
CH:0 , . 1 CH(OH):NH-C0-6,4, 
<0-C0-0,H, + CoHs'CO-NH, —> CcH<9.00.0,, : 


CgHs5*CO*N He 


, CH(NH-CO:C,H,), 
CsH<.00-0,11, , 
(M. p. 198°.) 

It has been shown, moreover, that a similar wandering of benzoyl 
occurs when this tribenzoyl derivative is hydrolysed by pyridine and 
alkali in the cold. Only one benzoyl group is eliminated as benzoic 
acid, the two others appearing attached to nitrogen in the form of 
dibenzamide, which is produced together with ammonia and salicyl- 
aldehyde. The production of dibenzamide was so unexpected, having 


regard to the constitution of the original substance, that it was at _ 


first assumed from its analysis to be the desired ‘ coumarazine,” 
CH. N 

C,H 

. ‘So- CPh: OH 

but close investigation revealed its identity with the latter. The 

hydrolysis is evidently accompanied by a wandering of benzoyl, and 

may be expressed thus : 


THe: Rearrangement 
0,H,<CH(NHBz)-NH-CO-C,H,  Reurmermess 


, which by chance is isomeric with dibenzamide, 


O- Co: Cs H, (pyridine) 

CH( N HBz): ‘N: co: C, Hi, Rearrangement 
CH.<C mace 
¢ —((OH)- C,H Greitine ont 


O,H <x" ): (CO: C,H,)» 


SS 
F- 
H,)‘NBz, 2Ol 1:0 
BzONa +C,H rig H,)'NBz, °S NH,Cl+QH<oy + NHB: 


rer a.awss l6CoSalC DOUlUlCUDO 
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The intermediate amino-derivative, which appeared as an oily mass, 
could not be isolated, owing to its instability. 


EXPERIMENTAL. 


Preparation of the Isomeric Salicylidenebenzamides, 
HO-C,H,*°CH:N-CO-C,H,. 


Following the method of Cebrian (/oc. cit.), 10 grams of salicyl- 
aldehyde, 10 grams of benzamide, and 6 grams of anhydrous sodium 
acetate, intimately mixed, were heated at 140° for five hours. The 
green, semi-solid mass was allowed to cool, and the resulting solid 
powdered and digested with water. The insoluble, crude material, 
weighing, after washing and drying, 15 grams, was purified by 
dissolving in aqueous sodium hydroxide, filtering, and adding acetic 
acid. 

The amorphous, discoloured precipitate, consisting of the two 
isomerides, was dried and digested three times with an excess of 
acetone in the cold, by which a nearly complete separation was 
effected. The insoluble isomeride remained as an amorphous 
precipitate, which, after washing and drying, was further purified by 
repeated solution in pyridine and precipitation with acid. The 
isomeride soluble in acetone was regained from the filtrate by 
precipitating with faintly acidified water, and purified as far as 
possible by repeated solution in hot alcohol and precipitation with 
acidified water. The ,two compounds, which were produced in ap- 
proximately equal quantity, have very similar properties. 


Salicylidenebenzamide (soluble in acetone) : 


0:2024 gave 05305 CO, and 0°1023 H,O. C=71:48; H=5°66. 
02304, by Kjeldahl’s method, required 9°4 c.c. V/10 HCl. N=5-71. 
C,,H,,0,N requires C= 74°66 ; H=4:89 ; N=6-22 per cent. 

The substance is a pale yellow powder, which does not melt but 
darkens at 190°. It is very soluble in cold acetone, fairly so in hot 
alcohol or pyridine, sparingly so in benzene or chloroform, and 
insoluble in ether, ethyl acetate, or light petroleum. From solution in 
hot glacial acetic acid, it separates in a gelatinous form on cooling. In 
acetone or alcohol solution, it gives a dark purple coloration with ferric 
chloride, whilst in alkali hydroxides it dissolves readily, yielding a 


yellow solution, from which it is precipitated in a gelatinous form by 
acids, 


jig 
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Salicylidenebenzamide (insoluble in acetone) : 


0°3338 gave 09098 CO, and 0°1572 H,O. C=74°35; H=5-297, 
0°2337, by Kjeldahl’s method, required 10°5 ¢.c. V/10 HCl. N=6-28. 
C,,H,,0,N requires C= 74°66 ; H=4°89 ; N=6-22 per cent. 
The substance forms a yellow, amorphous powder, which does not 
melt but decomposes at about 200°. It is soluble in pyridine, but 
insoluble in chloroform, benzene, alcohol, or ether; it is sparingly 
soluble in hot acetic acid, and, on cooling, separates with difficulty ina 
gelatinous form. Its behaviour with acetone is curious ; with a little 
acetone, it mixes to form a homogeneous liquid, doubtless consisting of 
a solution of acetone in the substance; on adding more acetone, 
however, the substance at once separates as a thick, flocculent 
precipitate, which is only very slightly soluble in, and may be washed 
by, acetone. The substance in presence of acetone gives a strong 
purple colour with alcoholic ferric chloride. It dissolves at once in 
alkali hydroxide, forming a yellow solution, from which acids precipitate 
it in a yellowish-white, gelatinous form. 


O-N-N-Tribenzoylsalicylidenediamine, CH op) 


A mixture of 40 grams of salicylaldehyde and 80 grams of 
benzamide, dissolved in about 200 c.c. of benzene, was heated to 
boiling in a reflux apparatus while a steady stream of hydrogen 
chloride was passed in. The clear solution rapidly became turbid, 
owing to the formation of water, which also showed itself as drops in 
the condenser. 

At the same time, ammonium chloride continually separated, and 
collected at the bottom of the flask. After an hour, on cooling, the 
mass of white crystals which separated was filtered off, washed with 
benzene, and dried. ‘The mass consisted chiefly of a mixture of the 
tribenzoyl derivative, benzamide, and ammonium chloride, and the 
former was separated by boiling the mixture with water and washing 
thoroughly with hot water. The filtrate, on cooling, deposited 
benzamide, which was thus recovered. The insoluble tribenzoyl 
derivative contained small quantities of an amorphous phenolic 
compound,* which was removed by digestion with 5 per cent. sodium 
hydroxide. 

* This substance was recovered from the alkaline filtrate as a white, gelatinous 
precipitate by acidifying. Two analyses gave N=3°48 and 3°45 per cent. It was 
soluble in alesol, acetone, pyridine, ethyl acetate, or hot acetic acid, and insoluble 
in benzene, chloroform, or cold acetic acid. The compound was not further in- 
vestigated, 
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The yield was 58 grams, and the product was nearly pure. A 
further quantity could be obtained from the above benzene filtrate 
by adding more benzamide and again passing in hydrogen chloride- 
The substance was purified by crystallisation from hot alcohol, chloro- 
form, ethyl acetate, or methyl alcohol, from which solvents it separates 
in beautiful long, colourless needles, but the crystallisation from any 
of these solvents is attended by considerable loss. 


0:1763 gave 0°4794 CO, and 0°0828 H,O. C=74:16; H=5-26. 
0:3663, by Kjeldahl’s method, required 16°57 c.c. V/10 HCl. N = 6°33. 
03165 - - - 14:3 ¢.c. V/10 HCl. N=6°32. 
03760 gave 19°8 c.c. N, (moist) at 21°and 762 mm. N=6°01. 
(,,H,.0,N, requires C= 74°66 ; H=4:89; N =6-22 per cent. 


Molecular weight determinations by the ebullioscopic method were 


made : 
02893 in 39°56 chloroform gave Az 0:055°. M.W. = 487. 
06008 ,, . At 0°122°. M.W. = 456. 


C,,H,,0,N, requires M.W. = 450. 


0-N-N-Tribenzoylsalicylidenediamine melts at 198°; it is very 
soluble in pyridine, moderately so in acetone, slightly so in methyl or 
ethyl aleohol, benzene, acetic acid, ethyl acetate, or chloroform, and 
insoluble in light petroleum, It is insoluble in dilute acid and alkali, 
and its acetone solution gives no coloration ‘with alcoholic ferric 
chloride. It is unaffected by acetyl chloride or benzoyl chloride in 
presence of pyridine, and in benzene solution by sodium, sodamide, or 
phosphorus pentachloride. 


Hydrolysis of O-N-N-Tribenzoylsalicylidenediamine. 


The products of hydrolysis vary with the conditions. By boiling 
with dilute hydrochloric acid, it is decomposed into salicylaldehyde, 
benzoic acid, and ammonia, and a similar decomposition is effected by 
long boiling with aqueous sodium hydroxide. 

By hydrolysis in the cold with alkali hydroxide in the presence of 
pyridine, dibenzamide was produced, as was shown by repeated 
experiments under varying conditions. In one case the procedure was 
s follows : Twelve grams of the tribenzoyl derivative were mixed with 
2 ce, of 50 per cent. potassium hydroxide and 2 ¢.c. of pyridine, and 
the mixture was well triturated for nearly an hour. An orange-red 
colour was first produced, which changed to yellow, and the mass was 
treated with 200 ¢.c. of water, in which it dissolved to a clear solution. 
The latter, on acidifying, became milky, and, on extracting with ether, 
wilieylaldehyde and benzoic acid were isolated, whilst the aqueous 
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portion, on standing, deposited needles (5°7 grams) which, after 
recrystallisation from hot water, melted at 146—147°: 

0°2346, by Kjeldahl’s method, required 10:1 ¢.c. V/10 HCl. N=6 03, 

0°2279 gave 12°7 c.c. N, (moist) at 26° and 764mm. N=6-22. 

C,,H,,0,N requires N = 6°22 per cent. 

The needles, although colourless, were soluble in sodium hydroxide to 
a yellow solution, but otherwise possessed all the properties (solubility, 
&e.) of dibenzamide. Repeated crystallisation from alcohol eliminated 
the impurity causing the yellow colour, and gave stout prisms, the 
identity of which with dibenzamide was established (1) by the fact that 
a mixture with the latter showed no depression in melting point, and 
(2) by showing that the rate and products (benzamide and benzoic 
acid) of cautious hydrolysis of the substance in presence of hot alkali 
were the same as those of dibenzamide. 

The production of dibenzamide in the alkali-pyridine hydrolysis of 
the tribenzoyl derivative is accompanied by formation of ammonia, 
which was proved thus: The acid liquor containing pyridine, etc., from 
which the dibenzamide had separated, was evaporated to dryness, 
the residue extracted while hot with alcohol to remove pyridine 
hydrochloride, and the insoluble solid was then dissolved in water, 
rendered alkaline, and distilled into dilute hydrochloric acid, which was 
then evaporated. About one gram of ammonium chloride was 
isolated in this way. 

In »the above alkali-pyridine hydrolysis, there was evidence in 
several experiments of the presence of an oily intermediate amino- 
derivative, probably HO-C,H,-CH(NH,)-NBz,, which appeared to be 
decomposed by hydrochloric acid, forming ammonium chloride, 
salicylaldehyde, and dibenzamide. 

By the cautious hydrolysis of the tribenzoyl derivative with aqueous 
alcoholic sodium hydroxide, one benzoyl group may be eliminated 
forming : 


N-N-Dibenzoylsalicylidenediamine, ice HBz), 


Twelve grams of 0-N-N-tribenzoylsalicylidenediamine were mixed 
with 50 c.c. of water, 25 c.c. of 19 per cent. aqueous sodium hydroxide, 
and 150 c.c. of aleohol. The mixture, the colour of which was at first 
deep red and then changed to yellow, was agitated in the cold con- 
tinuously until the solid had completely passed into solution, which 
required about one and a-half hours. The solution was kept cool while 
very dilute hydrochloric acid was stirred in. The dibenzoyl derivative 
was obtained in this way in a fairly pure state as a white, amorphous 
precipitate, which was washed. Ethyl benzoate was formed during the 
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hydrolysis, and was isolated by extracting with ether, ete. The 
precipitate weighed 6°5 grams, melted at 185°, and was further 
purified by dissolving in a mixture of 10 per cent. aqueous alcoholic 
sodium hydroxide and reprecipitating cautiously with dilute hydro- 
chloric acid. 

The solid, which melted at 192°, was practically pure, and was 
crystallised from hot methyl or ethyl alcohol or acetone by adding 
light petroleum gradually and allowing to stand. By either of these 
methods, which are very wasteful, it wis obtained in small, prismatic 
needles : 

03777, by Kjeldahl’s method, required 21°8c.c. V/10 HCl. N =8:08. 

01442 gave 9°7 c.c. N, (moist) at 20° and 760 mm. N=7°69., 

C,,H,,0,N, requires N = 8-09 per cent. 


N-N-Dibenzoylsalicylidenediamine is soluble in cold pyridine, acetone, 
hot aleohol, or acetic acid, and is insoluble in ether, benzene, chloro- 
form, or light petroleum. It is only very slowly soluble in cold dilute 
aqueous sodium hydroxide, forming a light yellow, sparingly soluble 
sodium salt, but it is much more readily soluble in alkali in presence 
of aqueous alcohol, In acetone solution it gives a characteristic 
green coloration with alcoholic ferric chloride, and the colour changes 
to purple on heating, owing apparently to decomposition. 
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(XCV.—Experiments on the Synthesis of 1-Methyleyclo- 
hexylidene-4-acetic Acid. Part LI. 


By Vicrork Joun Harpinc, Water Norman Hawortu, and 
Wittiam Henry Perkiy, jun. 


Iv Part I of this investigation (Trans., 1908, 93, 1075) a series of 
experiments was described which was undertaken with tke object of 
preparing the above acid, and of ascertaining whether it could be 
resolved into active modifications by the crystallisation of its salts 
with optically active bases. It was pointed out that, while these 
experiments were in progress, W. Marckwald and R. Meth (Ber., 
1906, 39, 1171) were engaged with the same problem, and had 
prepared an acid (m. p. 41°) by the elimination of water from 
thydroxy-1-methyleyclohexylacetic acid, 


CHMe< on GH? > COOH ):CH,CO,H, 


6N 2 


Tw 
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which they pronounced to be 1-methyleyclohexylidene-4-acetic agiq 


‘ CH, CH. warn. CH 
CHMe< O°. oH. C!CH CO,H. 
They also showed that the acid may be resolved into its d- anj 
l-modifications by the fractional crystallisation of the cinchonine salts, that 


In subsequent communications (ibid., 2035 and 2404) they described 
further experiments, which, in their opinion, clearly demonstrated that 
their view of the constitution of this acid was the correct one. On the 
other hand, Perkin and Pope (/oce. cit.) pointed out that the elimination 
of water from 4-hydroxy-l-methyleyclohexylacetic acid may take place 
in a different direction from that assumed by Marckwald and Meth, 


and may lead to the formation of 1-methyl-A*-cyclohexene-4-acetic acid, CH 
CH,-CHx,,, P ¥ 
CHMe<oy’.oH,> CH,-CO,H, 


and they expressed the opinion that this formula most probably acett 
represents the constitution of the acid of melting point 41°. 

If this view should prove to be correct, the acid would contain 
an asymmetric carbon atom, and there would then be nothing remark- 
able in its resolution into active modifications in the manner described 
by Marckwald and Meth. During the last two years, we have been dese 
engaged in a detailed investigation of the difficult problem of the the 
constitution of this acid, and ‘have obtained experimental evidenc: 
which we think proves without doubt that the acid of melting point 41° 
is 1-methyl-A®-cyclohexene-4-acetic acid, and'that the view of Marckwald 
and Meth that this acid is 1-methyleyclohexylidene-4-acetic acid cannot J bydr 
be accepted as correct. 

The first indirect evidence of constitution was obtained during the 


course of a series of researches, which we hope shortly to publish, whie 
on the condensation of ketones with ethyl cyanoacetate in the presence Tt 
of sodium ethoxide or piperidine. The reaction takes place in sucha acids 


way that the enolic modification of the ketone condenses with the Mj elimi 
ethyl cyanoacetate (or cyanoacetic acid) with elimination of water, and 
the result is either the free condensation product or its sodium 
derivative, according as to whether piperidine or sodium ethoxide has @ CH, 
been employed : 


>C:C(OH)-C? + CN-CH,-CO,Et -> 
>C:C-C: >01"C! 
i or I 
CN*CH°CO,Et ON-+CNa‘00,Et deser 


When this interesting reaction was investigated in the case of Ale 
cyclohexanone, it was found that condensation took place readily, i 
and that elimination of water proceeded almost entirely in the Wall 
direction : 


r the 
lish, 
ence 
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/H —CH . “OO ‘ 
0H oy? cH, > COW) + ON CH,:CO,Et -—+> 
2 nan «OH, -CHa,... 

CH.< oq? oO CH (CN)-0O, Et, 


that is to say, with the production of ethyl a-cyano-A}-cyclohexene- 
acetate. 

This cyano-ester is readily hydrolysed with formation of a-cyano- 
A)-cyclohemeneacetic acid, and this, on distillation, is decomposed 
with elimination of carbon dioxide and formation of A!-cyclohexene- 
acetonitrile, 

CH Sion Ce CH(ON)-CO,H —> CHO? Gy, >C°CHy "CN, 

When this nitrile is hydrolysed under the conditions described 
in detail in the experimental part (p. 1959), it yields A!-cyclohexene- 
acetic acid, 


CH.<G HoH >C'CH,'C0,H, 
2 2 


which melts at 38°. Whilst then the condensation of cyclohexanone 
with ethyl cyanoacetate proceeds almost entirely in the direction 
described above, the product nevertheless contains small quantities of 
the isomeric ethyl cyanocyclohexylideneacetate, 
CH oH oH CCN "CO, Et, 
and from this a small quantity of a nitrile is obtained which, on 
hydrolysis, yields cyclohexylideneacetic acid, 
CH,°CH.~,,.- ; 
CH<oH?.cH > CCH-00,H, 
which melts at 91°. 
These acids of melting points 38° and 91° are identical with the 
acids which Wallach (Annalen, 1907, 353, 292) obtained by the 
elimination of water from cyclohexanolacetic acid : 


gy CH, <CHs CHS 0.0H,-CO,H 


CH,°CH, 
Cir cH >C(OH)-CH,-CO,H A'-cycloHexeneacetic acid (m. p. 38°). 
cycloHexanolacetic acid, ‘ cH,<© HyCHS0:0H-00,H 


CH,°CH, 

cycloHexylideneacetic acid (m. p. 91°). 

As in the cyanoacetic ester and cyclohexanone condensation just 
described, so also during the decomposition of cyclohexanolacetic acid, 
‘he unsaturated acid produced in by far the larger quantity is 
A'-cyclobexeneacetie acid (m. p. 38°). The question of the con- 
stitution of these acids has been very carefully investigated by 
Wallach (Joc. cit.). The acid of melting point 91° yields cyclohexanone 
When it is oxidised with permanganate, and it is therefore evidently 


ee ee 
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cyclohexylidene-4-acetic acid. The nature of the change which takes 
place when the acid of melting point 38° is oxidised by permanganate 
has proved to be much more difficult to understand. The product of 
oxidation contains a volatile oil, C,H,,0O, the semicarbazone of which 
has the formula C,H,,N,O and the melting point 203—204°, and the 
oil, on oxidation with chromic acid, yields glutaric acid. Wallach at 
first expressed the opinion that the substance C,H,,O was either 
CH. On op > OMe or CH OH cH C'CHO. 
1-Methyl-a®-cyclohexen-2-one. Tetrahydrobenzaldehyde, 
In a later paper (Annalen, 1908, 359, 310), he shows that this 
substance is neither 1-methyl-A°-cyclohexen-2-one nor tetrahydrobenz- 
aldehyde, and suggests that its constitution is possibly represented by the 


formula CH, Gt? Grp >O:CHy. 
2 


Experiments on the oxidation of the ester of the acid of melting 
point 38°, which are described below, clearly indicate, however, that 


the substance C,H,,O is Al-cyclopentene methyl ketone, q 
gan 

CH,:CH | 

Lay ap c:COMe obta 

CH,--CH , prop 


and this view is in harmony with the fact that this ketone yields 
glutaric acid when it is oxidised with chromic acid. 

When ethyl A!-cyclohexeneacetate is oxidised by ozone in chloroform 
solution in the presence of water, it is converted into an ester, which 
gives in alcoholic solution with ferric chloride a violet coloration, and 
the formation of which may be doubtless expressed thus: 


' CH,—-CHx,,,, : CH,°CHO aaa. 
CH,<oH’. C H,-° CH,:CO,Et —> CH<oH'—c H,/00 CH,:C0,Et. isom 

This ester is readily decomposed by boiling dilute sulphuric acid 
with elimination of alcohol and carbon dioxide and formation of a whic! 
ketone, C;H,,0, which yields a semicarbazone of melting point hexa! 
203 —204°, and is evidently identical with the ketone possessing these repla 
properties which Wallach prepared in the manner just described. We ]-mef 
have no doubt that this ketone is Al-cyclopentene methy] ketone, and sodiu 
that its formation is due to the following series of changes. evide 

CH,°CHO ,,,, : CH,*CHO 
CHy<oH*—cH,/9 CH,*CO,Et —> CH<on—cH,/OOM® > 
CH,°CH 
H. 2T , 
. *<cu,-C-coMe 


Some years ago (Trans., 1890, 57, 242), Marshall and Perkin 
prepared a methyl derivative of this ketone by a very 
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condensation, namely, from ethyl diacetyladipate by the action of 
alcoholic potash. 

CH, -CH(CO,Et): COMe 7% ‘CH,*COMe ss CH. Peon, ‘CMe 
CH, ‘CH(CO,Et)-COMe CH, "CH, -COMe CH, Cs COMe’ 
and this latter ketone has properties very similar to those of the 
ketone C,H,,0. 

When the method of formation and properties of the acid of melting 
point 38°, its behaviour on oxidation, and its isomerism with ecyelo- 
hexylideneacetic acid, m. p. 91°, are taken into account, there can no 
longer be any doubt that Wallach’s view that it is A!-cyclohexeneacetic 
acid must be accepted as correct. But this acid is practically the sole 
product of the hydrolysis of the ester which is produced when cyclo- 
hexanone is condensed with ethyl cyanoacetate (p. 1945), and it follows 
therefore that this ester must consist almost entirely of ethyl a-cyano- 
Al-cyclohexeneacetate, 


CMa. nesirnes. 
CHoy?. cH,~° CH(CN)-CO,Et. 


This point is, however, so important that we confirmed it by investi- 
gating the action of sodium and methy! iodide on the cyano-ester, and 
obtained an almost quantitative yield of ethyl a-cyano-a-A'-cyclohewene- 
propronate, 


CH.—-CHx 2. nassene 
CH Son -CH,- C'CMe(CN): CO, Et. 


The description of this substance and of its decomposition products, 
and also of the analogous derivative obtained with the aid of w-bromo- 
acetophenone, will be found on pp. 1958 and 1961. The formation of 
these substitution products can only be explained on the assumption 
that the original ester contains the grouping -CH(CN)-CO,Et; the 
isomeric ester, 


CH<oR CH >C:0(CN)-CO,Et, 


which might, conceivably, result from the condensation of cyclo- 
hexanone with ethyl cyanoacetate, does not contain a hydrogen atom 
replaceable by sodium. We now investigated the action between 
l-methyleyclohexan-4-one and ethyl cyanoacetate in the presence of 
sodium ethoxide or piperidine, and found that the condensation 
evidently proceeded in a similar manner to that already described in 
the case of cyclohexanone, and there was no reason to doubt that the 
product was ethyl a-cyano-1-methyl-A-cycloheaene-4-acetate, 
CHMe<ir “OH, >C'CH(CN)-CO,Bt, 
and not ethyl a-cyano-1- methy]leyc/ohexylidene-4-acetate, 


CHMe<CH2'CH2s0:c(0N)-00, Et. 
CH,-CH, 
———o_ 
a _— 
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This view was, however, controlled by investigating the behavioy 
of the ester with sodium and methyl iodide (p. 1972), when ap 
almost quantitative yield of ethyl-a-cyano-a-1-methyl-A*-cyclohexene. 
propionate, 


CH,-CH 
CHMe<cq’. OH, > C’CMe(CN)-CO,Et, 


was obtained, and a similar substitution product resulted from the 
action of bromoacetophenone on the sodium derivative (p. 1966), 
Ethy] a-cyano-1-methyl-A*-cyclohexene-4-acetate is readily hydrolysed, 
and the free acid is decomposed on distillation with elimination of 
carbon dioxide and formation of 1-methyl-A*-cyclohexene-4-acetonitrile, 
When this nitrile is digested with alcohol and sulphuric acid and the 
resulting ester hydrolysed, it yields 1-methyl-A®-cyclohewene-4-aceti: 
acid, 
CHMeC CH CH, > C'CHsON ~— 
CH,--CH~. 
CH,-CH,~ 
The acid obtained in this way melted at 41°, and was found by 
direct comparison to be identical with the acid described by Marckwald 
and Meth (Ber., 1906, 39, 1171) as 1-methyleyclohexylidene-4-acetic 
acid. During the investigation of the condensation of cyclohexanone 
and ethyl cyanoacetate (p. 1945), we were able to isolate from the 
product, not only A!-cyclohexeneacetic acid (m. p. 38°), but also very 


CHMe< C-CH,-C0,H. 


small quantities of cyclohexylideneacetic acid (m. p. 91°): oyel 
Hy-CHx n.ac . CH,°CH nag, 
CH, CH}UH,- © OH,-CO,H and CH, CH CH. OCH 00,H. 


In the present case, however, 1-methy]l-A°-cyclohexene-4-acetic acid 
appears to be the only acid formed, since, in spite of careful search, we 
were unable to isolate even traces of 1-methyleyclohexylidene-4-acetic 
acid, 


CHM er Gf > CCH -CO,H. 


Whilst, then, the experiments described above seem to us to be very 
strong evidence that the acid of Marckwald and Meth (m. p. 41°) 8 
1-methyl-A®-cyclohexene-4-acetic acid, we have carried out a further 
investigation of this acid with the view, not only to emphasise this 
point, but also clearly to establish the fact that this acid is in all 
respects the counterpart of Wallach’s A!-cyclohexeneacetic acid (m. P. 
38°). Probably the most characteristic property of A!-cyclohexene 
acetic acid is the behaviour of its ester with ozone (p. 1946), and we 
have found that, under the same conditions, 1-methyl-A*-cyclohexene 
4-acetic acid (m. p. 41°) behaves in an exactly similar manner. When 
the ester of this acid is oxidised with ozone in chloroform solution 
and in the presence of water, it is converted into an ester which 
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yields an intense violet coloration when ferric chloride is added to its 
alcoholic solution. 

There can be little doubt that this ester is ethyl ¢-aldehydo-B-kelo- 
isooctoate, and that its formation is due to the following change : 


cHMe oH CHS 9.CH,-C0,Et —> 


H, "CH, 
CHMe<CHs"CHO 


CH? —-CH,/©O"CH,"CO, Et. 


When this ester is digested with dilute sulphuric acid, it is 
decomposed with elimination of alcohol and carbon dioxide and 
formation of a ketone, C,H,,0, which yields a semicarbazone (m. p. 
207—209°), and is obviously a simple homologue of the ketone, 
C.H,,9, obtained under similar conditions from cyclohexeneacetic acid 
(m. p. 38°: compare p. 1946). The formation of this ketone is readily 
understood from the following scheme : 


CH,:CHO , CH,*CHO 
CHMeC oy —OH,/OO'CH,CO;Et —> CHMeC oy? oH, /COMe 


CH,-CH 
“ee CHMe< iy -C-COMe’ 


and the ketone, C,H,,0, is therefore 1-methyl-A*-4-cyclopentene methyl 
ketone. 

While these experiments were in progress, we were struck with the 
similarity in structure between 68-dimethylacrylic acid and 1-methyl- 
cyclohexylidene-4-acetic acid : 

CH,"CH 
CH,-CH, 


Now it is well known that ethyl 88-dimethylacrylate, like all esters 
containing the group >C:CH-CO,Et, readily condenses with ethyl 
sodiocyanoacetate with formation of the sodium derivative of ethyl 
eyanodimethylglutarate, CO,Et-C(CN)Na*CMe,°CH,°CO,Et (Perkin 
and Thorpe, Trans., 1899, '75, 901). Since this reaction is not shown 
by acids like 1-methyl-A%-cyclohexene-4-acetic acid, which contain the 
double linking in the By-position, it was thought that valuable evidence 
of structure might be obtained by employing it in connexion with the 
present investigation. We therefore digested the ester of the acid of 
melting point 41° with ethyl sodiocyanoacetate for several hours, but 
no additive compound was produced, and practically the whole of the 
acid was recovered unchanged. When the same experiment was made 
with ethyl Al- -cyclohexeneacetate, 

CHO CHC CH,-CO,Et, 
Which admittedly contains the double linking in the fy-position, an 
exactly similar result was obtained, and no trace of an additive com- 


W°>C:CH-CO,H and CHMe< >>C:CH-C0,H. 


— — 
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pound was produced, This experiment is not only strong evidence 
that the acid of melting point 41° cannot be 1-methylcyclohexylidene. 
4-acetic acid, but it is also a further example of the striking 
similarity in properties between this acid and A'-cyclohexeneacetic acid, 

We next examined in detail the evidence brought forward by 
Marckwald and Meth in support of their contention that the acid 
(m. p. 41°) is 1-methylcyclohexylidene-4-acetic acid. In the first: place 
these investigators (Ber., 1906, 39, 1175) state that the acid yields 
methyleyclohexanone and potassium acetate when it is heated with 
potassium hydroxide and a little water, a change which they 
obviously assume to be due to disruption at the double linking by 
hydrolysis : 


CHMe oy oH >CCH-00,H = 
‘ OH,-CH, ' 
CHMe<y, HC HCO + CH,-C0,H. 


We have repeated the experiment and can confirm the result, but 
we find that, in order to bring about this change, the acid has prac- 
tically to be fused with potassium hydroxide. The acid may be heated 
at 210° with 90 per cent. aqueous potassium hydroxide without any 
apparent change, but, when distilled with potassium hydroxide and a 
trace of water, it is ultimately decomposed with formation of methyl 
cyclohexanone and potassium acetate. Perkin and Pope (Proc., 1906, 
22, 108) have already pointed out that it is well known that By-uw- 
saturated acids, like 1-methyl-A*-cyclohexene-4-acetic acid are, not 
infrequently, converted by treatment with strong alkali into af-un- 
saturated acids, and that this isomeric change may have taken place 
in the case of Marckwald and Meth’s acid prior to the decomposition 
into methyleyclohexanone and acetic acid; in a later paper (Ber, 
1906, 39, 2036), Marckwald and Meth acknowledge the justice of 
this criticism. This behaviour with potassium hydroxide is, in fact, 
strong evidence in support of our view that the acid is 1-methyl-d’- 
cyclohexene-4-acetic acid, since, if it were 1-methylcyclohexylidene-- 
acetic acid; it might be expected to yield methyleyclohexanone when 
boiled with strong aqueous potassium hydroxide much more readily 
than is actually the case. 

In their second communication (Ber., 1906, 39, 2036), Marckwald 
and Meth show that the acid of melting point 41° is decomposed on 
distillation with elimination of carbon dioxide and formation of 
hydrocarbon, which, as they suggest, is doubtless 1-methy]-4-methylene- 
cyclohexane, 

CHMe< CH oH OCH 
and they regard this as evidence that the double linking in the acid 


id 
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must be in the side-chain, and that therefore the acid must be 
|-methyleyclohexylidene-4-acetic acid. But Wallach (Annalen, 1908, 
360, 27) has shown that A!-cyclohexeneacetic acid is decomposed by 
dry distillation into carbon dioxide and methylenecyclohexane ; 
OHH OH CH,-CO,H —> CH,<oyy OH °>C:CH,, 

and he makes the general statement that, when acids of this type 
are distilled, there is a tendency for the double linking to change 
from the ring to the side-chain. It follows therefore that the 
behaviour of 1-methyl-A*-cyclohexene-4-acetic acid in this respect 
js quite normal, and that the formation of 1-methyl-4-methylene- 
cyclohexane by distillation cannot be used as an argument in favour 
of the view of Marckwald and Meth that this acid is 1-methyl- 
cyclohexylidene-4-acetic acid. Very strong evidence against this 
view is the behaviour of this acid (m. p. 41°) on oxidation with 
permanganate. If this acid has the constitution 


CHMe< oii" cH >C:0H-C0,H, 


ib should behave, on oxidation, like other acids containing the group 
>C:CH'CO,H, that is to say, it should yield the corresponding 
aldehyde ti ketone) and oxalic acid. In agreement with this view 
is the observation of Wallach (Annalen, 1907, 353, 289), that cyclo- 
hexylideneacetic acid (m. p. 91°) readily yields cyclohexanone when it 
is oxidised with permanganate : 

cH <u OH 2>0C:CH-CO,H —> CH, CH OH >>00. 

But Marckwald and Meth (Ber., 1906, 39, 2037) enediitly mention 
that they were unable to obtain 1-methylcyc/ohexan-4-one from the 
acid of melting point 41° by oxidation, and, although we have 
investigated the behaviour of this acid towards permanganate under 
a variety of conditions, we have never succeeded in demonstrating the 
formation even of a trace of methylcyclohexanone. We cannot there- 
fore confirm the statement of Wallach and Evans (Annalen, 1907, 
353, 311), that methyleyclohexanone is produced when the acid 
(m. p. 41°) is oxidised by permanganate, and are of opinion that the 
ketone which these investigators obtained was 1-methyl-A%-4-cyclo- 
pentene methyl ketone, the formation of which may well be 
assumed to take place according to the following scheme : 


CHMe<CHs CHS 0.0H,-CO,H —> 


CH,-CH, 
; CH,-CHO 
CHMe< o4?.CH,-CO-CH,-CO,H ~* 
CH,-CH 
CHM eC yt coMe + 002 + #20 
_ ee 
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This process is, in fact, very similar to that which is known to tak, 
place when A!-cyclohexeneacetic acid is oxidised by permanganate 
(p. 1946), or when its ester or the ester of 1-methyl-A*-cyclohexene. 
4-acetic acid is treated with ozone (compare p. 1946). 

In their last communication on 1-methyleyclohexylidene-4-acetic 
acid (Ber., 1906, 39, 2405), Marckwald and Meth deduce fres} 
evidence which they state removes any possible remaining doubt that 
the acid of melting point 41° is 1-methylcyclohexylidene-4-acetic acid, 
They point out quite correctly * that cinnamic acid, 

C,H,-CH:CH:CO,H, 
is decomposed when it is treated with sodium carbonate and bromine 
water with separation of w-bromostyrene, C,H.*CH:CHBr, and state 
that their acid of melting point 41° under the same conditions and in 
the cold yields in an exactly analogous manner the bromohydro. 
carbon, 


CH,CH.\,,. 
CHSC H.>C:CHBr. 


If this were correct, this experimental evidence would no doubt 
strongly support their view that the acid of melting point 41° is 
1-methyleyclohexylidene-4-acetic acid. But Marckwald and Meth 
have been deceived by appearances. It is true that the addition of 
bromine water to the cold solution of the acid in sodium carbonats 
causes the immediate separation of a heavy oil, just as in the case 
of cinnamic acid ; fut this oil is not a bromohydrocarbon. 

If the product is left in a cool place, or, better, extracted with 
ether, the oil soon solidifies, and, after crystallisation, melts at 
103°. 

Analysis shows that this beautiful substance has the formula 
C,H,,0,Br, and is a bromo-lactone. 

That it is a lactone is shown by the fact that, whilst insoluble in 
cold sodium carbonate, it dissolves in warm dilute potassium hydroxide, 
and, when digested with excess of alkali hydroxide, it is converted into 


CHMe<t 


* Except that the conversion of an unsaturated acid into the bromohydrocarbon, 
by treatment in sodium carbonate solution with bromine water, surely does not take 
place in the way they represent, namely, 

R*CHBr*CHBr*CO,H — > R CH:CHBr. 

The probable course of this important change seems to be the addition, in the first 
place, of hypobromous acid to the double linking, followed by the formation of the 
bromo-B-lactone, which then decomposes with elimination of carbon dioxide and 
separation of the bromohydrocarbon : 

R°CH:CH*°CO.H —-—> R°CH(OH)*CHBr°CO,H ——> 
R CH CHBr _-> R*CH:CHBr+ (0, 
O—CO 


line 
ate 
| in 
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the corresponding dihydroxy-acid, C,H,,(OH),*CO,H. The formation 
of the bromo-lactone is readily understood from the scheme : * 


H, ‘ 
HME OH cr CH, HS0-CH,-CO,H + Br-OH = 
OE ne ree a 
CHMe< G45? SH CB CH,:CO,H = 
ACH,°CH-< “O—CO 
CHMe\ /CBr*CH, + H,0, 
\CH,"CH,/ 
and is in strict accordance with the view that the acid of melting 
point 41° is 1-methyl-A*-cyclohexene-4-acetic acid. 
The dihydroxy-acid obtained by hydrolysis with potassium 
hydroxide is doubtless 3: 4-dihydroxy-1-methyleyclohenane-4-acetic 
acid, 


CHMe<oir neha vel >c(OH)-CH,-CO,H. 


Marckwald and Meth (Loc. cit.) claim to have proved that the pro- 
duct of the action of bromine water and sodium carbonate on the acid 
of melting point 41° is 4-bromo-1-methylmethylenecyc/ohexane (com- 
pare p. 1952) by studying its behaviour with water at 140—150°. 


* This bromo-lactone may, of course, be a 8-lactone of the formula 
CH. *CHBrn 
CHMe< »C—CH, 
CH.— CH, 6 _do 


and, when the similarity in structure between this substance and the B-lactone of 
B-hydroxy ésopropylmalonic acid, 
CH, 

»C—CH°CO,H 

O—CO 
(Meldrum, Trans., 1908, 98, 598), is taken into account, this view, although im- 
probable, is not at all impossible. 

Wallach (Annalen, 1907, 353, 289) has, however, shown that both A!-cyclohexene- 
acetic acid and cyclohexylideneacetic acid yield the same bromo-acid on treatment 
with hydrogen bromide : 


CH, 


Ps -CHy CH, CH, 
1 C*CH,'CO,H and CH, S¢:CH°CO,H 
* OH, "CH, CH,*CH,/ 
eel 
yield CHC SCBr'CH,"CO,H . 
CH,"CH,/ 


It is therefore probable that the addition of hypobromous acid to 1-methy]-A®-cyclo- 
hexene-4-acetic acid takes place in the direction 
CH,*CH(OH), 


CH Me SCBr'CH,"CO,H, 
Cc ’ "a 


in which ease a bromo-y-lactone would result. 
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They obtained in this way a substance, the semicarbazone of which 
corresponded with that of hexahydro-p-tolualdehyde, 


CHMe<or “cH > oR: CHO, 


and they therefore concluded that this substance had been produced, 

Wallach (Annalen, 1906, 347, 346), who first prepared this 
aldehyde in small quantities, states that the melting point of a 
specimen of the semicarbazone after crystallisation from water was 
154—156°. 

As the formation of this aldehyde was not in accord with the 
constitution ascribed by us to the bromo-lactone, which is the actual 
product of the action of bromine and sodium carbonate on the acid of 
melting point 41°, we heated this lactone with water at 140—150° 
and found that it was converted almost quantitatively into a ketone, 
which yielded a semicarbazone of melting point 167°. We were 
ultimately able to prove that this ketone is 1 : 4-dimethyleyclo. 
hexan-2-one, 


CH Me<oH “CH O>CH Me. 


This ketone has recently been described by Sabatier and Mailhe 
(Compt. rend., 1906, 142, 553), who obtained it from p-xylenol by 
reduction with hydrogen in the presence of nickel and subsequent 
oxidation of the resulting 1 : 4-dimethyleyc/ohexan-2-ol : 

CMe<GH o> OMe —> cHMe<opt CHOW p> CHM 

We have prepared a pure specimen of the ae ~ p. 176°) by 
this method, and converted it into the semicarbazone, which melted at 
155°, but, after several crystallisations from methyl alcohol, the 
melting point rose to 167°. On comparing this ketone with the 
ketone which we had obtained from the bromo-lactone by the action of 
water at 140—150°, it was at once clear that the two specimens were 
identical. Thus, for example, when the semicarbazones were mixed, 
there was no alteration in melting point. There can be little doubt 
that the substance which Marckwald and Meth described as 
hexahydro-p-tolualdehyde was, in reality, 1 : 4-dimethyleyclohexan- 
2-one, and the low melting point which they appear to have observed 
for the semicarbazone was due to that derivative not being quite 
pure. 

In order to be still more certain on this point, we have prepared 
hexahydro-p-tolualdehyde by a new method, namely, from 4-bromo- 
1-methylcyclohexane, 


CHMe <oH OH >>CHBr, 


by treatment with magnesium and citi ester (p. 1974). 
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The semicarbazone melted, after crystallisation from dilute methyl 
alcohol, at 154°, as stated by Wallach (Annalen, 1906, 347, 346), 
and, when this was mixed with the semicarbazone of the substance 
produced from the bromo-lactone by the action of water at 140—150°, 
the mixture melted at about 138°. 

The formation of 1: 4-dimethyleyc/ohexan-2-one from the bromo- 
lactone by the action of water at 140—150° is readily explained by 
the following series of changes : 


CH,-CH_0—€0 
CBr-CH a 
2 Hy ; 
CH,*CH(OH), 
CHMe< ‘CBr:CH,"CO,H 
\OH,-——CH/ 
CH,*C(OH)\ca,, 
il CHMe< oy? — CH CMe —> 
CH,—CO 


CH-CH,>CHMe 
2 2 


CHMe< 
and the production of 1 : 4-dimethyleyclohexan-2-one in this way is 
again strong evidence in favour of the view that the acid of melting 
point 41° is 1-methyl-A®-cyclohexene-4-acetic acid. 

In order to demonstrate, in this respect also, the complete 
analogy between this acid and A'-cyclohexeneacetic acid (m. p. 38°), 
we have submitted the latter to the action of sodium carbonate and 
bromine under exactly the same conditions and with a precisely similar 
result, 

The addition of bromine water to the solution of this acid in 
sodium carbonate causes the immediate separation of an oil, which 
crystallises with difficulty, melts at about 70°, and is a bromo- 
lactone of the formula C,H,,0,Br. When this bromo-lactone is 
heated with water at 140—150°, it is decomposed with formation 
of 1-methylcyclohexan-2-one : 


CH,-CH—0—-CO CH,—-CO 
cH,C epr-dH, —> CH °  SCHMe, 
H, ; 


2\ 2 
\CH,-C NOH, CH,/ 


a behaviour which is exactly analogous to the conversion of the 
bromo-lactone, C,H,,0,Br, from the acid of melting point 41° into 
1: 4-dimethyleyelohexan-2-one. 

It appears to us that the above experimental evidence proves con- 
clusively that the acid of melting point 41° is 1-methyl-A*-cyclohexene- 
tacetic acid, and that the view of Marckwald and Meth that it is 
I-methylcyclohexylidene-4-acetic acid must be abandoned. 
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It follows therefore that, in spite of the interesting and valuable 
work of these investigators, the problem of the resolution of 
substance of the type 


jOUe:C<, 
(compare Trans., 1908, 93, 1075) still awaits solution. 


EXPERIMENTAL, 
a-Cyano-A'-cycloheweneacetic Acid, 


. CH,-CHx,,, AT\ 7 
CH<on:-cH,~ © CH(CN):CO,H. 


L 
In preparing ethyl a-cyano-A'-cyc/ohexeneacetate, ethyl cyanoacetate IL. 
(56 grams) was added to a solution of sodium (12 grams) in alcohol, I 
and, after heating to boiling, cyclohexanone (54 grams) was added; IV. 
as soon as the sodium derivative had passed into solution, the product 
was rapidly cooled, diluted with water, acidified with hydrochloric acid, dee 
and extracted with ether. The ethereal solution was washed with reervst 
dilute sodium carbonate (A), dried and evaporated, and the residue The 
distilled under reduced pressure, when, after some unchanged cyclo- sone! 
hexanone had passed over, ethyl a-cyano-A'-cyclohexeneacetate (15 grams) hanes 
distilled constantly at 174°/25 mm. as a viscid oil possessing the odour seatral 
of a nitrile: evano-, 
0:1698 gave 10°8 c.c. N, at 18° and 774mm. N =7°5. 
C,,H,,O,N requires N = 7:2 per cent. at @ 
When the mixture of the sodium derivative of ethyl cyanoacetate propert 
and cyclohexanone (prepared as described above) is boiled on the Whe 
water-bath for an hour, it becomes reddish-brown, and a sodium salt rata 
separates. eyanoan 
If the product is decomposed with acid and the ethereal extract formule 
treated with sodium carbonate, it yields a neutral oil and an acid. Dari 
The neutral oil contains cyclohexanone, A!-cyclohexeneacetonitrile ethyl ¢ 
(p. 1959), and a small quantity of ethyl a-cyano-A'-cyclohexene- resultir 
acetate. posited 
The sodium carbonate extract yields, on acidifying, a viscid syrup, and ery 
which, when cooled in ice and salt and stirred, soon solidifies, and, nelting 
in contact with porous porcelain, the oily impurity is gradually 0-136 
absorbed, leaving a solid residue of crude a-cyano-A!-cyclohexeneaceti¢ 0139 
acid, which is best purified by recrystallisation from benzene: ( 
0-1302 gave 0:3096 CO, and 0:0760 H,O. C = 656; H = 64. This 
0:1502 ,, 1l4ec. N, at 21° and 775 mm. N = 8°5. and dou 
C,H, ,0,N requires C = 65°5 ; H = 6°6 ; N = 8° per cent. 
a-Cyano-A!-cycloheweneacetic acid separates from benzene in short 
needles, and melts at 109—110°. It is almost insoluble in cold, — 


VOL. 
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but more readily so in hot, water, and crystallises, on cooling, in 
irregular groups of needles. It does not react with hydrobromic acid 
in the cold, but its solution in sodium carbonate instantly decolorises 
permanganate. Its solution in strong potassium hydroxide gradually 
decomposes with separation of cyc/ohexanone., 

When the sodium carbonate extract (A) (p. 1956) is acidified and 
extracted with ether, a yellow syrupy acid is obtained in quantity, 
rhich, on long standing, partly crystallises. This was left in contact 
vith porous porcelain until free from oil, and recrystallised either 
from water or by adding light petroleum to its solution in ether : 

L 0:1143 gave 0°2376 CO, and 0:0691 H,O. C=566; H=6°7. 
IL. 01125 ,, 02330 CO, ,, 0°0706 H,O. C=565; H=6°9. 
If. 01199 ,, 10°2ec. N, at 12° and 753mm. N=9'5. 

IV. 01575 , 13°2ecN,,, 17° , 752mm. N=9°6. 

C,,H,,0,N, requires C=56°8 ; H=6°8; N=9-4 per cent. 

Analyses I and III were made with substance which had been 
recrystallised from water ; II and IV from ether and light petroleum. 

The basicity of this acid was determined by titration with deci- 
normal sodium hydroxide, when 0°2441 neutralised 0°0330 NaOH, 
whereas this amount of a monobasic acid, C,,H,,O;N,, should 
neutralise 0°0340 NaOH. This curious acid has the composition 
cyano-A'-cyclohexeneacetic acid + cyanoacetic ester + water : 

C,H,,0,N + C,H,0O,N + H,O = C,,H,,0,N,, 
and was obtained on several occasions and always with the same 
properties, so that it is doubtless a definite substance. 

When it is boiled with sodium carbonate, it is decomposed into 
acyano-A'-cyclohexeneacetic acid and an oil, which is evidently 
eyanoacetic ester. It is difficult to assign a satisfactory constitutional 
formula to this acid. 

During the course of an experiment in which cyclohexanone and 
ethyl cyanoacetate were condensed in methyl-alcoholic solution, the 
resulting crude methyl a-cyano-A'-cyclohexeneacetate gradually de- 
posited a small quantity of a erystalline substance. This was collected 
and crystallised from benzene, from which it separated in short prisms 
melting at 170—171°: 

01366 gave 0°3724 CO, and 0:0971 H,O. C=744; H=7°9. 

01395 ,, 70ce. N, at 16° and 755 mm. N=5°'8. 

C,,H,,O,N requires C=74:1 ; H=8'1 ; N=5-4 per cent. 
This substance is evidently methy/ a cyunodt-A'-cyclohexeneacetate, 
and doubtless has the constitution 
CH,-CH “CN)- 
(cH, <oH-cH> ; ) C(CN):CO,Me. 
It was not further investigated. 
VOL. XCIIL, 6 0 
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The Condensation of cycloHexanone with Ethyl Cyanoacetate and with 
Cyanoacetic Acid in the Presence of Piperidine. 


When equimolecular proportions of cyclohexanone and ethyl cyano- 
acetate are mixed with a few drops of piperidine and allowed to stand, 
condensation takes place readily with separation of water. 

The product is heated for two hours on the water-bath, diluted with 
water, and extracted with ether, the ethereal solution well washed with 
dilute hydrochloric acid, dried and evaporated, and the pale yellow oil 
distilled under reduced pressure, when a good yield of ethyl a-cyano. 
Al-cyclohexeneacetate (p. 1956), distilling at 165—167°/15 mm, is 


obtained : eC! 
0°1393 gave 0°3463 CO, and 0:0947 H,O. C=67:9; H=77. distill 
01836 ,, 12:2¢c. N, at 15° and 754mm. N=777. dioxid 


C,,H,,0,N requires C=68'4; H=7'8 ; N=7-2 per cent. about 
rapidl 
smal] 
exami 
by rep 

0-09 


a-Cyano-A}-cyclohexeneacetic acid is readily obtained directly when 
cyclohexanone (7 grams) is added to a mixture of cyanoacetic acid 
(6 grams) and piperidine (8 grams). The mixture is allowed to stand 
for two hours, and then heated on the water-bath for one hour. 
After diluting with water, the product acidified, is extracted with 
ether, the ethereal solution well shaken with sodium carbonate, the 


alkaline solution acidified, and again extracted with ether. The Ai 
ethereal extract deposits, on evaporation, a good yield of crude a-cyano- 144°/9 
A!-cyclohexeneacetic acid, which, after crystallisation from benzene, combit 
melts at 109—110°. brow 
Hyd 

, acid ay 

Ethyl a Cyene Bing <h"-<genenerepna, The 

CH HCH, > CC(N)(CO,Et)-CH,-00-C,H,, contair 


produc 

This crystalline substance was prepared with the object of proving solutior 
the identity of the oily esters (ethyl a-cyano-A}-cyclohexeneacetate) 90 mn 
obtained by the condensation of cyclohexanone with ethyl] cyanoacetate HM hexene 
in the presence of sodium and piperidine respectively (compare p. 1956 potash 


and the last section). In each case, the ester (10 grams) was mixed hitrile | 
with sodium (1‘2 grams), dissolved in alcohol, and then w-bromoaceto- solutior 
phenone (10 grams) gradually added to the yellow selution. acidifie 

Decomposition commences in the cold, and is completed by heating rubbed 
on the water-bath for fifteen minutes. The product is diluted with well, d 
water, extracted with ether, the ethereal solution washed well, and pressur 
evaporated, when a syrup remains, which, if rubbed under water with + This 
a sharp glass rod, gradually crystallises. The mass was left in contact fom aqu 


with porous porcelain until quite hard, and then crystallised twice Annalen, 
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from light petroleum, from which it separated in crusts melting at 
§: 
0:1560 gave 64 c.c. N, at 24° and 760 mm. N=46. 
C,,H,,0,N requires N = 4'5. 
Experiments showed that the derivatives which resulted in the above 
wanner from the cyano-esters, obtained by the sodium and piperidine 
condensations, were identical in all respects. 


, deamamarine 3° and A}-cycloHexeneacetic Acid, 
, cH, <CHy CHS c-CH,:CO,H 
: CH,°CH =< 


a-Cyano-A!-cyclohexeneacetic acid is readily decomposed on slow 
distillation under a pressure of 90 mm., with elimination of carbon 
dioxide and formation of A!-cyclohexeneacetonitrile, which distils at 
about 120—160° in the first instance. The temperature then rises 
rapidly, and, if the distillation is continued under 15 mm. pressure, a 
small quantity of a viscid oil is obtained, which crystallises, and the 
examination of which is not yet complete. The nitrile was purified 
by repeated distillation, and then analysed : 

0.0985 gave 10°2 cc. N, at 11° and 748mm. N=12°1. 

C,H,,N requires N = 11°6 per cent. 

Al-cycloHexeneacetonttrile is a colourless liquid, which distils at 
144°/90 mm., and has the pungent odour characteristic of nitriles ; it 
combines with hydrobromic acid, with formation of an oily hydro- 
bromide, 

Hydrolysis —The conversion of the nitrile into the corresponding 
acid appears to take place best under the following conditions. 

The nitrile (20 grams) is digested with twice its volume of alcohol, 
containing 20 per cent. of sulphuric acid, for thirty-six hours, the 
product is diluted with water, extracted with ether, the ethereal 
solution washed well, dried, evaporated, and the residue distilled under 
40 mm. pressure. The distillate, which consists of ethyl A}-cyelo- 
bexeneacetate and some unchanged nitrile, is digested with alcoholic 
potash for twenty minutes, diluted with water, and the unchanged 
uitrils and amide removed by extraction with ether.* The aqueous 
‘olution was evaporated until free from alcohol, cooled with ice, and 
«idified, when a viscid, syrupy acid separated, which, especially if 


ng tubbed with a glass rod, soon solidified. It was collected, washed 
ith Well, drained on porous porcelain, and distilled under diminished 
nd pressure : 

ith 

set * This oil ¢ gradually deposited crystals of A)-cyclohexeneacetamide, which separated 
oe fom aqueous alcohol in glistening leaflets and melted at 152° (compare Wallach, 


Annalen, 1907, 353, 292). 


6 0 2 
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01282 gave 0°3228 CO, and 0°0960 H,O. C=685; H=8-4, 
C.H,,0, requires C= 68°6 ; H=8°6 per cent. 

Al-cycloHexeneacetic acid melts at about 38°, distils at 145° (17 mm,), 
and is identical with the acid of this constitution deseribed by 
Wallach (Annalen, 1907, 353, 290), and which he obtained by an 
entirely different process. In order to be certain of the identity, the 
acid, prepared as described above, was left in contact with fuming 
aqueous hydrobromic acid, when it was converted into B-bromo- 
cyclohexylacetic acid, which, after crystallisation from light petroleum, 
melted at 89—91°: 


and is 


01512 gave 01270 AgBr. Br=35-7. _ 
O,H,,0,Br requires Br = 36:1 per cent. — 

Wallach (loc. cit.) gives 89—90° as the melting point of this bromo- mi 
acid. We were also able to confirm Wallach’s observation that lees 


Al-cyclohexeneacetic acid does not undergo isomeric change when 
boiled with strong alkalis, since, even after digesting for sixty hours 
with concentrated aqueous barium hydroxide, more than 75 per cent. 
of the acid was recovered unchanged. 


strong 
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Oxidation of Ethyl A'-cycloHexeneacetate by Means of Ozone. 
Wallach (Annalen, 1905, 343, 53; 1907, 353, 294; 1908, 359, 


287) has shown that Al-eyclohexeneacetic acid is converted by 
oxidation with permanganate into d-acetylvaleric acid, 
COMe’CH,-CH,°CH,°CH,°CO,H, 
a decomposition which clearly proves its constitution, but, as it was 
important to demonstrate the complete analogy between this acid and 
1-methyl-A°-cyc/ohexene-4-acetic acid (p. 1948), we carried out a series 
of experiments on the oxidation of its ester by ozone. 
For this purpose, the ester (5 grams) was dissolved in twice its volume 
of chloroform in a wide test-tube, a little water was added, and then 
ozone passed for several days and until it escaped freely. 
The chloroform solution was diluted with ether, washed with sodium 
carbonate, dried, and the chloroform and ether removed by distillation 
under reduced pressure, when a neutral oil was obtained, which, in 
alcoholic solution, gave an intense blood-red coloration with 
ferric chloride, and there can be little doubt that this consisted 
essentially of the compound 
CHO-CH,-CH,-CH,*CH,*CO-CH,°CO,Et 
(compare p. 1946). No attempt was made to purify and analyse this 
substance, and it was at once digested with dilute sulphuric acid and 
distilled in steam, when a volatile oil passed over, having the pungent 
odour characteristic of unsaturated ketones, and yielding a semicarbazone 
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ghich, after two recrystallisations from alcohol, melted with decom- 
position at 203—205° : 
01439 gave 0°3021 CO, and 0:1073 H,O. C=57:3; H=82. 
C,H,,ON, requires C=57°5 ; H=7'8 per cent. 
It is explained in the introduction (p. 1946) that there can be little 
doubt that this volatile ketone has the formula 
CB O8. nn 
bH—cH7” CO:CH,, 
and is therefore A!-cyclopentene methyl ketone. It is most probably 
identical with the ketone which Wallach (Annalen, 1907, 353, 293) 
obtained by the oxidation of A!-cyclohexeneacetic acid with perman- 
ganate, and which also yielded a semicarbazone of melting point 
903—204°. Wallach made the important observation that this 
ketone yields glutaric acid when oxidised by chromic acid, a fact which 
strongly supports the above view of its constitution. 


a 
CH,-CH,7C-CH-CO.H. 


cycloHexylideneacetic Acid, CH.< 

When the crude, semi-solid cyano-acid, obtained by the condensation 
of ethyl sodiocyanoacetate and cyc/ohexanone under the conditions 
given on p. 1956, is distilled without further purification, and the nitrile 
obtained treated with sulphuric acid and alcohol and afterwards with 
alcoholic potassium hydroxide (p. 1959), a relatively large amount 
ecapes hydrolysis, which is not the case when pure A!-cyclohexene- 
acetonitrile is employed. The unchanged nitrile was again subjected 
to the action of alcoholic sulphuric acid until it was completely 
esterified, and the product yielded, on hydrolysis with alcoholic potash, 
asmall quantity of an acid which melted at 89—90°: 

0'1331 gave 0°3339 CO, and 0:1024 H,O. C=685; H=8°5. 

C.H,,0, requires C = 68°6 ; H =8°6 per cent. 

There can be no doubt that this acid is cyclohexylideneacetic acid, 
ind is identical with the acid (m. p. 91°) which Wallach (Annalen, 1907, 
353, 288) obtained from cyclohexanolacetic ester by elimination of 
water and subsequent hydrolysis. 


wAcycloHexenepropionitrile and a-Al-cycloHeaenepropionic Acid, 


“ CH,—CHs,_, ‘ 

2 "en 6. “CAO 

CHs<oHn?-CH,- © CHMe-CO,H. 
These substances are readily obtained from a-cyano-A!-cyclohexene- 

wette ester by the following process. 

The cyano-ester (30 grams) is added to sodium (3°5 grams), dissolved 

1 wethyl alcohol, and the intense yellow solution gradually mixed 
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with a considerable excess of methyl iodide, when rise of temperature 
takes place and the yellow colour disappears. After heating on the 
water-bath for forty-five minutes, the product is diluted with Water, 
extracted with ether, the ethereal solution washed well, dried 
evaporated, and the oil fractionated, when a considerable quantity 
distils at 140—142° (10 mm.) and consists of nearly pure methyi 
a-cyano-a-A!-cyclohexenepropionate, 

CCH CHC OMe(CN)-CO, Me. 

0°1818 gave 11°9 cc. N, at 13° and 762 mm. N=7-7. 

C,,H,,0,N requires N= 7-2 per cent. 

This oil was digested with excess of alcoholic potassium hydroxide 
for ten minutes, water was then added, the alcohol removed by 
evaporation, the alkaline solution acidified, and repeatedly extracted 
with ether. 

The ethereal solution was dried, evaporated, and the residue 
distilled under 90 mm. pressure, when carbon dioxide was eliminated 
and a-Al!-cyclohexenepropionitrile was obtained as a colourless oil (12 
grams), which, after repeated fractionation, distilled at about 150° 
90 mm. : 

0°1348 gave 0°3960 CO, and 071204 H,O. C=80°1; H 9°9. 

01727 ,, 16lec. N, at 18° and 751mm. N=10'5. 

01129 , 100cc.N, at 17° ,, 764mm, N=10°3. 

C,H,,N requires C=80°0; H=9°6 ; N=10°4 per cent. 

On attempting to hydrolyse this nitrile, it was found that it 
exhibited remarkable stability towards the usual acid and alkaline 
hydrolytic agents, but, after boiling with alcoholic sulphuric acid for 
many hours, it was converted into ethyl a-A!-cyclohexenepropionate, 
and this, on hydrolysis with alcoholic potash, yielded the free azid. 
Prepared in this manner, a-A!-cyclohexenepropionic acid is a viscid oil, 
which distils at about 145°/18 mm. : 

0°1379 gave 0°3495 CO, and 0:1069 H,O. C=69:1; H=8'6. 

C,H,,0, requires C=70-1; H=8°6 per cent. 

The silver salt was obtained, on the addition of silver nitrate to the | 
slightly alkaline solution of the ammonium salt, as a curdy, white 
precipitate : 

0°3862 gave 0'1596 Ag. Ag=41°3. 

C,H,,0,Ag requires Ag = 41°3 per cent. 
a-A!-cycloHexenepropionic acid has quite recently been prepared by 
Wallach (Annalen, 1908, 360, 44) from the product of the condenst 
tion of cyclohexanone with ethyl a-bromopropionate, and he describes 
it as an oil distilling at 148—150°/13 mm. 
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The Action of Bromine and Sodium Carbonate on A'-cycloHexeneacetic 
Acid. Formation of the Lactone of 2-Bromo-1-hydroxycyclohexyl- 
9-acetic Acid, 

CH,°CH-. O0—CO 


CH, . /CBr-CH,. 


*\CH,-CH, 

In this experiment, pure A!-cyc/ohexeneacetic acid (m. p. 38°; 4°7 
grams) was dissolved in dilute sodium carbonate (3°5 grams), and, after 
mixing with powdered ice, bromine (5°3 grams), dissolved in water, 
was gradually added. The cloudy liquid was extracted with ether, 
the ethereal solution washed well, dried, evaporated, and the syrup 
left over sulphuric acid in an evacuated desiccator, when it deposited 
a quantity of crystals, but much oil remained. The mass was left in 
contact with porous porcelain until quite dry, and then washed with 
light petroleum (b. p. 35—40°) : 

0'1585 gave 0°2530 CO, and 0:0710 H,O. C=435; H=5°0. 

C,H,,0,Br requires C = 43°8 ; H=5-0 per cent. 

Purified in this manner, the lactone of 2-bromo-1-hydroxycyclohexyl- 
2-acetic acid is a colourless, crystalline substance, which melts at about 
70°,and is insoluble in cold sodium carbonate, but dissolves readily in 
hot dilute potassium hydroxide. Some of the lactone was heated with 
water at 140—150° for three hours, when a ketone was obtained, 
which, after distillation in steam, was converted into the semicarbazone 
inthe usual manner. This separated from methyl] alcohol as a colour- 
less, crystalline mass, and melted at 192°: 

01141 gave 0°2365 CO, and 0:0929 H,O. C=566; H=9-0. 

01074 ,, 24 cc. N, at 24° and 760mm. N=25°0. 

C,H,,ON, requires C=56'8 ; H=8:9; N =24°8 per cent. 
That this substance was the semicar ‘tie of 1-methyleyclohexan- 


2-one, CH, <oH CH >CHMe, was proved by mixing it with a 


specimen of the sankeienmne prepared from 1-methyleyclohexan- 
2-one from o-cresol, when there was no alteration in melting point. 


The Condensation of 1-Methyleycloheaan-4-one with Ethyl Cyanoacetate. 
a-Cyano-1-methyl-A®-cyclohexene-4-acetic Acid, 

cHMe<CH: CHS o.cH(ON)-CO,H. 
CH,°CH,~ 

The condensation of 1-methylcyclohexan-4-one with ethyl sodiocyano- 
acetate was carried out under the following conditions. 

Sodium (11-5 grams), dissolved in alcohol, was mixed with ethyl 
‘yanoacetate (56 grams) and methyleyc/ohexanone (56 grams), when 
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the white sodium derivative soon dissolved, and a yellow solution 
was obtained. The whole was heated for half an hour on the water. 
bath, the bulky, yellow sodium derivative which separated decomposgj 
by water and dilute hydrochloric acid, extracted with ether, the etherea| 
solution washed with water and dilute sodium carbonate, dried, anj 
evaporated. On fractionating the residual oil, a small quantity of 
methy]eyclohexanone was recovered, and ethyl a-cyano-1-methyl-X°-cy¢lo. 
hewene-4-acetate then distilled at 175°/20 mm. or 167°/14 mm, as: 
viscid, colourless oil : 

0°1745 gave 0°4460 CO, and 01300 H,O. C=69'7; H=8°3, 

02477 ,, l4cc. N, at 20° and 775mm. N=6°6. 

C,,H,,0,N requires C=69°6; H=8-2; N=6'8 per cent. 

The sodium carbonate extract of the product of condensation (see 
above) yielded, on acidifying with hydrochloric acid, a considerable 
quantity of a viscid syrup, which was extracted with ether. 

After the ethereal solution had been dried and evaporated, the 
pale yellow residue was poured into a basin, when it rapidly crystal. 
lised, and, in contact with porous porcelain, the oily impurity was 
rapidly absorbed, leaving a colourless, crystalline mass, which was 
purified by solution in benzene and addition of light petroleum until 
a cloudiness appeared. On vigorously stirring, the acid separated 
in prisms : 

01693 gave 12 c.c. N, at 19° and 760mm. N=8'l, 

C,,H,,0,N requires N =7°8 per cent, 
a-C'yano-1-methyl-A*-cyclohexene-4-acetic acid melts at 116°, and is 
sparingly soluble in water or light petroleum, but readily so in ether, 
alcohol, or benzene. It dissolves in aqueous potassium hydroxide 
(30 per cent.), yielding a clear solution, which soon clouds, owing to 
separation of 1-methylcyclohexan-4-one. 

When the condensation of ethyl sodiocyanoacetate with methyley:lo- 
hexanone is carried out under the above conditions, the principal 
product obtained is the cyano-acid just described. If, however, 
the methyleyclohexanone is added to the ethyl sodiocyanoacetate 
suspended in hot alcohol, the sodium derivative dissolves immediately, 
and on cooling rapidly, extracting at once as before, and treating 
with sodium carbonate, the principal product is ethyl a-cyano-l- 
methyl-A*-cyc/ohexene-4-acetate. The sodium carbonate extract yields, 
on acidifying and extracting with ether, a solid mass, which, by 
crystallisation from benzene, may be separated into two substances, 
melting at 105° and 186° respectively. The substance of melting 
point 105° crystallised in colourless needles, and possibly consisted of 
a-cyano-l-methyl-A*-cyc/ohexene-4-acetic acid,  crystallising wit 
4H,0: 
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0:1160 gave 0:2730 CO, and 0:0780 H,O. C=642; H=7°5. 
01486 ,, 10 cc, N, at 26°and 760mm. N=7°5. 
(,,H,,;0.N,4H,0 requires C= 63°38 ; H=7'4; N=7'4 per cent. 

The substance of melting point 186° separated from benzene im 
feathery needles : 

01300 gave 0°2930 CO, and 0:0830 H,O. C=61'4; H=7-0. 

01100 ,, 94 ec. N, at 26° and 764 mm, = 9-5, 

C,;H,90,N, requires C=61'°6 ; H=6'8 ; 

The formula of this substance corresponds with that obtained by 
adding the formule of a-cyano-l-methyl-A’-cyclohexene-4-acetic acid 
and cyanoacetic ester : 

C,)H,;0,N + C,H,0,N = C,,H,,,0,N., 

and there can be no doubt that it is a definite compound, and obviously 
somewhat similarly constituted to the substance obtained under 
similar conditions from cyclohexanone (p. 1957). When it is boiled 
with sodium carbonate, it is decomposed, with formation of a-cyano-1- 
methyl-\°-cyolohexene-4-acetic acid, 


N 
N = 9°6 per cent. 


Vondensation of 1-Methylcyclohexan-4-one with Ethyl Cyanoacetate and 
with Cyanoacetic Acid in the Presence of Piperidine. 


When ethyl cyanoacetate (28 grams) is mixed with methyleyclo- 
hexanone (28 grams) and a few drops of piperidine, the solution 
gradually clouds, owing to the separation of water. After heating on 
the water-bath for half an hour, the product was dissolved in ether, 
washed with dilute hydrochloric acid, the ethereal solution dried and 
evaporated, and the residue fractionated under diminished pressure, 
when an almost quantitative yield of ethyl a-cyano-1-methyl-A*-cyclo- 
levene-4-acetate was obtained, boiling at 165—168°/14 mm. : 

02066 gave 05274 CO, and 0°1560 H,O. C=69°6; H=8:3. 

C,,H,;O,N requires C = 69°6 ; H = 8-2 per cent. 

This ester is readily hydrolysed by boiling in alcoholic solution with 
a slight excess of sodium methoxide, diluting with water, and evapor- 
ating until free from alcohol, After removing any unchanged ester 
by extraction with ether, the alkaline solution is acidified, and extracted 
in the usual way, when a colourless, crystalline mass of a-cyano-1- 
methyl-A*-cyclohexene-4-acetic acid is obtained, which, after crystal- 
lisation from benzene and light petroleum, melts at 116° (compare 
p. 1964), It was subsequently found that this acid may be obtained 
directly from methylcyclohexanone and cyanoacetic acid in the 
following way. Methyleyclohexanone (6 grams) is mixed with finely- 
powdered cyanoacetic acid (5 grams), piperidine (4°5 grams) is added, 
and the whole allowed to remain overnight and then heated on the 
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water-bath for two hours. The product is extracted with ether, the 
ethereal solution washed with dilute hydrochloric acid, and shaken with 
sodium carbonate. The alkaline extract is acidified, again extracted 
with ether, and the solid product crystallised from benzene, when a 
good yield of a-cyano-1-methyl-A*-cyclohexene-4-acetic acid is obtained, 
melting at 116°. 


Proof of the Identity of the Condensation Products obtained from 
1-Methyleyclohexan-4-one and Ethyl Cyanoacetate with Sodium 
Ethoxide and Piperidine respectively. 


This important point was established by converting each condensa- 
tion product into the same solid derivative with the aid of w-bromo- 
acetophenone. The conditions employed were exactly the same in both 
comparative experiments, 

The condensation product (11 grams) was added to sodium 
(1:15 grams), dissolved in alcohol, and the clear yellow solution 
mixed with w-bromoacetophenone (10 grams), when, in a few minutes, 
the yellow colour disappeared and sodium bromide separated. After 
remaining overnight, water was added, the product extracted with 
ether, the ethereal solution washed, dried, and evaporated, when a 
syrup was obtained, which, in contact with light petroleum, soon 
solidified. The mass was drained on porous porcelain and recrystal- 
lised from light petroleum, .from which it separated in colourless 
needles : 


071233 ,, 03340 CO, , 00770 H,O. C=73-9; H=7°0. 
C,,H,,0,N requires C=73°8 ; H=7'1 per cent. 


Ethyl a-Cyano-B-benzoyl-a-1-methyl-A°-4-cy clohexenepropionate, 
CHM ei oH >C°C(CN)(CO,Et)*CHy"CO-C,H,, 
melts at 74°, and is hydrolysed by cold aqueous potassium hydroxide 
with the formation of a solid acid, which, when boiled with alkalis, is 
decomposed with separation of acetophenone. Careful comparison 
showed that the esters obtained from methylcyclohexanone and ethyl 
cyanoacetate with the aid of sodium or piperidine, both yielded the 
same condensation product (m. p. 74°) with w-bromoacetophenone. 
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1-Methyl-A*-cyclohexene-4-acetonitrile and 1-Methyl-A*-cyclohexene- 


acetic Acid, CHMe<oty + OH, SC-CH,-CO,H. 
a-Cyano-l-methyl-A®-cyclohexene-4-acetic acid is readily decom- 
posed when it is distilled under 13 mm., with elimination of carbon 
dioxide and formation of 1-methyl-A*-cyclohexene-4-acetonitrile, the 
process being nearly quantitative. On refractionating the distillate 
under 100 mm. pressure, the nitrile was readily obtained pure as a 
colourless oil, distilling at 155—156°, and having a pungent odour 
resembling that of tolunitrile : 

01112 gave 10 cc. N, at 18° and 758mm. N=10-4. 

C,H,,N requires N = 10:4 per cent. 

The hydrolysis of this nitrile is best carried out by digesting it for 
twenty-four hours with 20 per cent. alcoholic sulphuric acid, when, on 
cooling, crystals of ammonium sulphate separate. After the addition of 
water, the product is extracted with ether, the ethereal solution well 
washed with water and dilute sodium carbonate, dried, and distilled, 
when almost the whole quantity passes over at 175—185°/200 mm., 
and consists of a mixture of ethyl 1-methy/-A®-cyclohexene-4-acetate with 
some unchanged nitrile. The distillate was divided into two portions, 
one of which was hydrolysed by leaving it in contact with an excess of 
methyl-aleoholic potash for twenty-four hours. The product was 
diluted with water, unchanged nitrile removed by extraction with 
ether, the aqueous solution saturated with carbon dioxide, and 
evaporated until quite free from methyl alcohol. When the well- 
cooled solution was acidified with hydrochloric acid, an oily acid 
separated, which rapidly crystallised, and, after remaining in contact 
with porous porcelain over sulphuric acid, the colourless, crystalline 
mass melted at 39—41° and gave the following results on analysis : 
01160 gave 0:2972 CO, and 0:0960 H,O. C=69:°9; H=9°2. 
C,H,,0, requires C= 70°1 ; H=9-1 per cent. 

It is explained in the introduction (p. 1948) that 1-methyl-A*-cyclo- 
hexene-4-acetic acid, obtained in this way, is identical with the acid 
which Marckwald has described as 1-methyl-cyclohexylidene-4-acetic 
acid. The second portion of the ester was digested for three hours 
with hydrochloric acid (1 vol. of concentrated acid, and 1 vol. of water), 
the oil extracted with ether, and the ethereal solution, after washing 
with water, well shaken with sodium carbonate. 

The alkaline solution was freed from ether by evaporation, cooled 
With ice, and acidified, when a mass of crystals separated, which, after 
drying on porous porcelain, melted at 40—41° and consisted of pure 
l-methyl-A*-cyclohexene-4-acetic acid. In another experiment, in which 
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the ester was digested with strong aqueous barium hydroxide contain. 
ing a little potassium hydroxide, the same acid of melting point 4]° 
was obtained, and, in addition, a considerable quantity of another acid 
melting at 138°. This latter acid is 4-hydroxy-1-methyleyclohexy]. 
4-acetic acid, 
CH,"CH Yaw On. 
CH CH" (OH)-CH,-CO,H, 
since, when mixed with a specimen of this acid which had been 
obtained by the condensation of methyleyclohexanone with ethy| 
bromoacetate (Marckwald and Meth, Ber., 1906, 39, 1173), the mixture 
melted at 139—140°. Obviously therefore, under the conditions 
employed in this experiment, addition of water to the double linking 
in methy]-A*-cyclohexene-4-acetic acid had taken place to a consider- 
able extent. 

Ethyl 1-Methyl-A®-cyclohexene-4-acetate.—In order to prepare this 
ester in a pure state, the pure acid was digested with 10 per cent. 
alcoholic sulphuric acid for six hours, the product diluted with water, 
and extracted with ether. The ethereal solution was well washed with 
dilute sodium carbonate, dried, evaporated, and the residual ester 
fractionated, when it distilled constantly at 111°/14 mm. : 

0°1290 gave 0:3420 CO, and 01136 H,O. C = 72°3; H = 98. 

C,,H,,0, requires C = 725; H = 9:9 per cent. 


CHMem 


Oxidation of Ethyl \-Methyl-A®-cyclohexene-4-acetate by Means of Ozone. 


In carrying out this experiment, the pure ester was dissolved in 
chloroform, covered with water, and ozonised oxygen passed for 
several hours and until it escaped freely. The product was mixed 
with ether, the ethereal solution extracted with sodium hydrogen 
carbonate, dried, and evaporated, when a colourless oil remained which 
possessed the pungent odour of an aldehyde, and distilled, with the 
exception of a small quantity of resin, at 150—160°/20 mm. : 

0°1280 gave 0:2840 CO, and 0:0976 H,O. C = 605; H = 8-4. 

C,,H,,0, requires C = 61°7 ; H = 8-4 per cent. 

It is explained in the introduction (p. 1949) that this oily ester, 
which, in alcoholic solution, gives on the addition of ferric chloride a 
deep purple coloration, is doubtless ethyl ¢-aldehydo-B-keto-isooctoate, 

CHO-CH,-CH Me-CH,°CH,°CO-CH,-CO, Et. 

In order to liydrolyse this ester, it was mixed with dilute sulphuric 
acid and submitted to distillation in steam, when a mobile oil volatilised, 
which had an odour resembling that of the cyclic unsaturated ketones. 
The oil was extracted with ether, and, although only small in amount, 
it was distilled and found to consist essentially of a substance 
distilling at about 110—115°/100 mm. Small quantities of higher 
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fractions were also obtained, and, as these yielded the same results 

on analysis as the lower boiling substance, they apparently consisted 

of polymerides of this (compare Wallach, Annalen, 1907, 353, 294). 

The fraction 110—115°/100 mm. yielded, on analysis, the following 

approximate figures, the difference being due to a trace of moisture, 

which, owing to the small amount of material at our disposal, we were 

unable to remove completely : 

01220 gave 0°3360 CO, and 0°1110 H,O, C = 75:2; H = 10:1. 

C,H,,0 requires C = 77:4 ; H = 9°7 per cent. 

That this is the formula for the ketone was proved by the prepara- 

tion of the semicarbazone, which separates gradually when the ketone 

is shaken with strong aqueous semicarbazide hydrochloride and sodium 

acetate, and which crystallises from dilute methyl alcohol in short 

needles melting at 207—209° : 

0:1096 gave 0:2400 CO, and 0°0860 H,O. C = 59:7; H = 85. 

00716 ,, 01570 CO, ,, 0°0550 H,O. C= 59°8;H = 85. 

00790 , 16cc. N, at 20° and 758mm. N = 23-0 

C,H,,O,N requires C = 59°7 ; H = 8:3; N = 23:2 per cent. 

It is explained in the introduction (p. 1949) that the ketone C,H,,O 

is doubtless 1-methyl-A°-4-cyclopentene methyl ketone, 
CH,-CH 

— “on, C: CO-CH, 


3: 4-Dibromo-1-methyleycloheryl-4-acetic Acid, 
CHMe OH oH e Br-CH,*CO,H. F 


L-Methyt-at eqehitaniinidihlte acid readily absorbs bromine when 
the halogen is added to its solution in glacial acetic acid at 0°, and the 
addition is complete when the liquid has acquired a permanent yellow 
colour. On diluting with water, a viscid oil separates, which gradually 
crystallises, especially if vigorously stirred, and, after remaining in 
contact with porous porcelain until free from oil and then crystallising 
from formic acid, the dibromide is readily obtained pure : 

0°2050 gave 0°2440 AgBr. Br=50°6. 

C,H,,0,Br, requires Br = 50-9 per cent. 

3:4 Dibromo-1-methyleyclohexyl-4-acetic acid melts at 104°, and has 
already been prepared by Wallach (Annalen, 1907, 353, 312), who 
obtained it by the addition of bromine to the solution of the unsaturated 
acid in light petroleum, and states that it melts at 97—99°. 

When this dibromo-acid is ground to a paste with water and shaken 
with sodium carbonate, it dissolves, and, in a short time, the solution 


- 
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clouds and a heavy oil separates. This oil appears to be a mixture, 
and its investigation is not yet complete. 

We have, however, found that, when heated with water at 140—159° 
(compare p. 1972), it is converted into 1 : 4-dimethylcyclohexan-2-one, 

The ketone was extracted with ether, the ethereal solution dried, 
evaporated, and the oily residue fractionated, when a considerable 
quantity distilled at 174—177° and consisted of nearly pure 1 : 4-di- 
methylcyclohexan-2-one : 

01674 gave 0°4640 CO, and 0°:1740 H,O. C=756; H=11°5. 

C,H,,0 requires C= 762 ; H=11°1 per cent. 

When this ketone was shaken with excess of semicarbazide hydro- 
chloride and sodium acetate, it was gradually converted into the solid 
semicarbazone, which, after crystallisation from methyl alcohol, melted 
at 167°, and was identical with the semicarbazone of 1 : 4-dimethyl- 
cyclohexan-2-one : 

00923 gave 0°1985 CO, and 0°0810 H,O. C=58°7; H=9°7. 

C,H,,ON, requires C=59°0 ; H=9°3. 


The Action of Bromine and Sodium Carbonate on 1-Methyl-A*-cyclo- 
heaene-4-acetic Acid. Formation of the Lactone of 4-Bromo-3- 
hydroxy-1-methyleyclohexyl-4-acetic Acid, 

/EH,CH-_0— CO 
CHMe \ox, cH,/7 Om CH,. 
In this experiment, pure 1-methylcyclohexene-4-acetic acid (5 grams) 
was dissolved in dilute sodium carbonate (3°5 grams), and then 
bromine (5°3 grams), dissolved in water, gradually added, care being 
taken that the temperature did not rise above 10°. 
The addition of the bromine water caused an immediate cloudiness, 
and, on standing, a heavy oil separated, which gradually crystallised. 
The whole was extracted with ether, the ethereal solution washed 
well, dried, and evaporated, when a pale yellow syrup (7'5 grams) 
remained, which soon crystallised. The mass was left in contact with 
porous porcelain until quite free from oil, and then crystallised from 
light petroleum : 
0°1756 gave 0°3000 CO, and 0:0920 H,O. C=46:5; H=5'8. 
01880 ,, 01530 AgBr. Br=34°5. 
C,H,,0,Br requires C = 46°4 ; H=5°6 ; Br=34°3 per cent. 
The lactone of 4-lbromo-3-hydroxy-1-methyleycloheryl-4-acetic acid 
melts at 102—103°, and, when heated at 125—130°, decomposes with 
elimination of carbon dioxide and hyérogen bromide. It is readily 
soluble in ether, alcohol, benzene, or chloroform, but sparingly s0 in 
cold light petroleum, and separates as a woolly mass of slender needles 
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when the hot solution in light petroleum (b. p. 70—80°) is allowed to 
col slowly. The lactone is very slowly attacked by boiling water, 
and is insoluble in warm dilute sodium carbonate, but it dissolves : 
gradually in hot dilute potassium hydroxide. In order to investigate 
its behaviour with alkali, a considerable quantity of the lactone was 
dissolved in dilute potassium hydroxide at 80°, and, after standing for 
two days, excess of potassium hydroxide was added and the whole 
heated on the water-bath for two hours. The product was acidified, 
extracted, and the ethereal solution dried and evaporated, when a 
viscid, yellow syrup remained, which was free from bromine, but 
showed no signs of crystallising. It was dissolved in boiling water, 
made distinctly alkaline by the addition of barium hydroxide, and the 
excess removed by passing carbon dioxide. After filtering, the 
almost colourless filtrate was acidified and extracted with ether, the 
ethereal solution was then very carefully dried, evaporated, and 
the syrup left over sulphuric acid in an evacuated desiccator until 
quite free from ether. The analysis shows that the syrup consists of 
the free acid and not of the lactone : 


01452 gave 0°3150 CO, and 01140 H,O. C=57:2; H=8°7. 
C,H,,0, requires C=57°4; H=8°5 per cent, ; 
The basicity of this acid was determined by titration with deci- 
normal sodium hydroxide, when 0°306 neutralised 0°0652 NaOH, 
whereas this amount of a monobasic acid, C,H,,O,, requires 0:0651 
NaOH for neutralisation. There can be little doubt that this acid 
is 3: 4-dihydroxy-1-methylcyclohexyl-4-acetic acid, 

ot 
CHM ey? oy) (OH) CH, CO, HL. 
This acid dissolves readily in hot water, but strong solutions cloud 
on cooling. 
The slightly alkaline solution of the ammonium salt gives no 
precipitate with barium or calcium chlorides. Copper sulphate gives 
a pale blue, amorphous precipitate, and lead acetate a caseous precipi- 
tate. If silver nitrate is added to a not too dilute solution of the 
ammonium salt, a gelatinous si/ver salt separates, which dissolves in 
hot water and crystallises, on cooling, in microscopic balls of needles. 
When the syrupy hydroxy-acid is heated under 13 mm. pressure, 
water is eliminated, and a viscid oil distils remarkably constantly at 
186—188°/13 mm., which is sparingly soluble in cold water and in 
dilute sodium carbonate, but dissolves readily on warming. The 
analysis gave the following results : 


0'1590 gave 0°3670 CO, and 0-1185 H,O. C=63°0; H=8-2. 
C,H,,0, requires C= 63°5; H=8-2. 


- i 


| 
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This substance is therefore the lactone of 3 : 4-dihydrowy-1-methy/. 
cyclohery/-4-acetic acid. 

In investigating the action of water on the lactone, C,H,,(,Br, it 
was heated, in quantities of one gram, with water (7 ¢.c.) in a sealed 
tube at 140—150° for three hours, when a volatile ketone was formed 
which, after extraction with ether, distilled at 170—180° It was wel] 
shaken with a strong solution of semicarbazide hydrochloride and 
sodium acetate for several days, the crystalline mass was then 
collected, and recrystallised from methyl alcohol, from which the pure 
semicarbazone separated in colourless plates melting at 167°. 

The ketone obtained in this way proved to be identical with that 
described on p. 1970, where analyses both of the ketone and its semi- 
carbazone are given. Asa series of experiments seemed to indicate 
that the above ketone was identical with 1 : 4-dimethylcyc/ohexan- 
2-one, recently described by Sabatier and Mailhe (Compt. rend., 1906, 
142, 553), we prepared some of the ketone, for the sake of comparison, 
by the method recommended by these investigators. 

Pure p-xylenol was slowly distilled over reduced nickel in a stream 
of hydrogen, and, after it had been twice subjected to this treatment, 
the 1:4-dimethyleyc/ohexan-2-ol obtained was oxidised by chromic 
acid and the resulting 1 : 4-dimethyleyc/ohexan-2-one distilled in a 
current of steam.* The ketone was extracted from the distillate and 
fractionated, when almost the whole quantity distilled at 176°, and 
yielded a semicarbazone, which, when first prepared, melted at 155°, 
but, after repeated crystallisation from methyl alchol, the melting 
point rose to 167°. That 1 :4-dimethylcyclohexan-2-one is identical 
with the ketone produced by the action of water on the lactone, 
C,H,,0,Br, in the manner just described, was proved by careful com- 
parison, and especially by the fact that the semicarbazones from both 
specimens, not only melted at 167°, but also that, when mixed, there 
was no alteration in the melting point. 


a-1-Methyl-A*-cyclohexene-4-propionic Acid, 


, CH,—-CHx,, ; 

( HMe<o?.cH,- © CHMe:C0,H. 
In order, in the first place, to prepare methyl a-cyano-a-l-methyl- 

A’.cyclohexene-4-propionate, sodium (2°3 grams) was dissolved in 

methyl alcohol, mixed with ethyl a-cyano-1-methyl-A*-cyclohexene-+ 

acetate (21 grams),+ and then methyl iodide (20 grams) added, when 


* We are indebted to Mr. H. D. Gardner for carrying out this preparation. 
+ Two condensations were made in one of which the cyano-ester had been prepared 
by the sodium ethoxide condensation (p. 1963), and in the other with the aid of 
piperidine (p. 1965), and the results in both cases were identical. 


SYNTHESIS OF 1-METHYLCYCLOHEXYLIDENE-4-ACETIC ACID. 1973 


a considerable rise of temperature took place. After one hour, the 
product was heated for half an hour on the water-bath, mixed with 
water, and the oil extracted with ether. 

The ethereal solution was washed well, dried, evaporated, and the 
residue distilled under diminished pressure : 


0:1608 gave 9°6 c.c. N, at 19° and 756 mm. N=6°8. 
01406 ,, S5ec. N,,, 18° , 760mm. N=6°9. 
C,,.H,,0O,N requires N = 6°8 per cent. 


Methyl a-1-methyl-A®-cyclohexene-4-propionate is a colourless oil, 
which distils at 158—160°/20 mm. When the pure cyano-ester (17 
grams) was digested on the water-bath with potassium hydroxide 
(9 grams) for three hours, and then water added, it was found that a 
portion only of the oil had passed into solution. The product was acidi- 
fied, extracted with ether, the ethereal solution well washed with dilute 
sodium carbonate, dried, and evaporated, when a considerable quantity 
of oil remained, which distilled at 162°/100 mm., and consisted of 
a-|-methyl-A°-cyclohexene-4-propionitrile, 


CHMe CoH oy, o CHMerON ; 


01480 gave 12:4¢.c. N, at 20° and 752 mm. N=9°5. 

00965 ,, 80 ce N, ,, 18° ,, 765mm. N=9°6. 

C,)H,,N requires N = 9:4 per cent. 

The sodium carbonate solution was acidified and extracted with ether, 
when a viscid, syrupy acid was obtained, which evidently contained 
a-cyano-a-1-methyl-A*-eyclohewene-4-propionic acid,* 

CHMe Coy oH >'C(CN)Me-CO,H, 

since, when distilled under reduced pressure, it was decomposed with 
elimination of carbon dioxide and formation of a-1-methyl-A®-cyclo- 
hexene-4-propionitrile. A quantity of the nitrile prepared in this way 
was again found to distil at 162°/100 mm. : 


02130 gave 17°5 c.c. N, at 19° and 760 mm. N=9°5. 
C,)H,,;N requires N = 9-4 per cent. 


This nitrile is hydrolysed with considerable difficulty, and even after 
boiling in a reflux apparatus with 20 per cent. alcoholic sulphuric acid 
for thirty-six hours, it was only partly converted into ethyl a-1-methyl- 
4’-cyclohexene-4-propionate. The product was mixed with ether and 
water, the ethereal solution separated, washed well, evaporated, and 
the residual oil digested with excess of methyl-alcoholic potash for 
fifteen minutes. After diluting, acidifying, and extracting with ether, 


_* This acid is produced almost quantitatively when the cyano-ester is hydrolysed 
‘Y potassium hydroxide in the cold. 
VOL. XCIII, 6 P 
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the acid was separated from much unchanged nitrile by shaking the 9 and e 
ethereal solution with sodium carbonate. under 


The aqueous solution was acidified, when an oil was precipitated, J hours 
which was again extracted with ether, and, after drying, the ether J then 
was evaporated and the residue distilled : sulphi 

0°2427 gave 0°6280 CO, and 0°2035 H,O. C=70°6; H=9°3, water 


C,,H,,0. requires C=71:4 ; H=9°5 per cent, ether, 
a-1-Methyl-A®-cyclohexene-4-propionic acid, obtained in this way, the re 
distilled at 154—155°/20 mm. The silver salt was prepared by 0-2 
precipitating a slightly alkaline solution of the ammonium salt with 


silver nitrate : Hea 
05030 gave 0°1990 Ag. Ag=39°5. odour 
C,,H,,0,Ag requires Ag = 39°3 per cent. chang 


During their experiments on the condensation of 1-methyleyc- J ™ " 
hexan-4-one with ethyl a-bromopropionate (Annalen, 1908, 360, 52), J “ou 
Wallach and Evans obtained an unsaturated acid distilling at Jj ™" 
152—154°/13 mm., which partly solidified and melted at 103—104, J ‘ead 
and this is possibly identical with our acid. The syrupy acid which by ws 
we obtained showed no signs of crystallisation, even when well cooled acids | 
and vigorously stirred with a glass rod, but this behaviour may be CHM 
due to the syrup being a mixture of cis- and trans-isomerides. 


Hexahydro-p-tolualdehyde, 
CHMe oy? Gy] >CH-CHO. 

The method employed in the preparation of this aldehyde was 
similar to that used with success in analogous cases by Tschitschibabin 
(Ber., 1904, 37, 850). The 4-bromo-1-methylcyclohexane required for 
the synthesis was obtained by dissolving 1-methylcyc/ohexan-4-ol in 
fuming hydrobromic acid (saturated at 0°), and heating the solution on 
the water-bath, when it separated into two layers. Water was added, 
the heavy oil extracted with ether, the ethereal solution washed, dried, 
and evaporated, and the crude bromide distilled, when almost the whole 
quantity passed over at 130°/200 mm. 4-Bromo-1l-methylcyclohexane kets 
(88 grams) was dissolved in dry ether (3 vols.), magnesium (1? CXC 
grams) was then added, when, on warming, reaction set in, at first 
slowly, but then proceeded vigorously. The product was mixed with 
toluene (75 grams), the ether distilled off, and then orthoformic ester 
(74 grams) added, when a solid magnesium compound separated 
immediately (compare Bodroux, Compt. rend., 1904, 138, 700). 

After heating on the water-bath for an hour and a-half, the product 
was decomposed by water and dilute hydrochloric acid, and extracted 
with ether in the usual manner. The ethereal solution was dried 


Walla 
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and evaporated, the toluene removed by heating on the water-bath 
under reduced pressure, and the residual acetal digested for three 
hours with dilute hydrochloric acid (5 per cent.). The oily layer was 
then separated, and well shaken with concentrated sodium hydrogen 
sulphite, the solid additive compound was collected, dissolved in 
water, and decomposed by sodium carbonate. After extracting with 
ether, the ethereal solution was washed rapidly, dried, evaporated, and 
the residual aldehyde distilled : 

(2372 gave 0°6550 CO, and 0°2330 H,O. C=75:4; H=10°9. 

C.H,,0 requires C=76°2; H =11°1 per cent. 

Hevahydro-p-tolualdehyde distils at about 180°, and has the pungent 
odour characteristic of aldehydes of this class; it readily undergoes 
change, doubtless owing to condensation. The semicarbazone, prepared 
in the usual manner, separated from dilute methyl alcohol as a 
colourless, crystalline mass, which melted at about 154°. It has been 
mentioned (p. 1955) that Wallach (Annalen, 1906, 347, 346) had 
already prepared this aldehyde from 1-methy]-4-methylenecyc/ohexane 
by oxidation to the glycol and subsequent treatment with dilute 
acids ; 


CHMe wo H, ‘CH. 


, CH,:CH 
2 2 ee @ ' . 9 2 
SoH). cH CCH, —> CHMe<oi7?.CH. 


—> CHMe oy oy CH-CHO. 
2 2 


>C(OH):CH,:OH 


Wallach gives 154 


156° as the melting point of the semicarbazone. 
We wish to state that much of the expense of this investigation has 
been covered by several grants from the Research Fund of the 
Chemical Society, for which we desire to express our thanks. 
Tae UNIversiry, 
MANCHESTER. 


(XCVI.—The Direct Union of Carbon and Hydrogen. 
Synthesis of Methane. 


By Wittiam Artuur Bone and Husertr Frank Cowarp. 


Ix the year 1897 one of us, in conjunction with Dr. D. 8. Jerdan, 

published the results of an investigation (Trans, 71, 41), from 

which it was concluded that “at a temperature of 1200°, or there- 

abouts, carbon unites directly with hydrogen to form methane, no 

acetylene or other unsaturated hydrocarbon being formed at this 
6 P2 
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temperature.” Four years later, the synthesis of methane from 
its elements at 1200° was confirmed by further experimen 
(Trans., 1901, 79, 1042), which also proved that no other memben 
of the paraffin series are produced under these conditions.* 

The fact that methane can be directly synthesised at so low, 
temperature was denied by Berthelot in 1905 (Compt. rend., 1%j, 
40, 905; Ann. Chim. Phys., 1905, [viii], 6, 183), who supported 
his contention by the results of experiments in which 
small quantity (0°018 to 0°0412 gram) of highly purified carbo 
was heated in hydrogen to 1325° for an hour in a sealed quart 
tube of 3 to 4c.c. capacity. Berthelot said: “Il résulte de cg 
expériences que le carbone, sous les trois formes de diamant, de 
graphite, de carbone amorphe bien purifié, ne s’unit pas 4 |'hydn 
gene & 1325°, sous la seule influence de la chaleur.” And in sum 
marising his many attempts to synthesise methane, he further 
remarked: ‘J’ai fait depuis 50 ans de nombreux essais, dans des 
conditions trés diverses, pour combiner le carbone amorphe a 
rouge vif. Or, je n’ai jamais pu constater rigoureusement cette 
combinaison, toutes les fois que le carbone a été absolument privi 
d’hydrogéene et d’azote combinés, ainsi que d’alcalis et de fer.” 
The value of Berthelot’s later experiments was, however, impaired 
by the fact that his quartz tubes were admittedly pervious to 
gases at high temperatures; he acknowledged that between 27 and 
40 per cent. of the hydrogen escaped out of the tubes during the 
hour over which each experiment extended, and from the context 
it is obvious that there was also a considerable leakage of air in the 
opposite direction. 

Any doubts which may thus have been raised regarding the direct 
synthesis of methane from its elements at 1100° to 1300° were not 
dispelled by the appearance of a paper by Pring and Hutton m 
1906 (Trans., 89, 1591), although a careful repetition of Bone and 
Jerdan’s experiments by the present authors, soon after the appear 
ance of Berthelot’s paper in 1905, confirmed their accuracy in al 
essential particulars (see p. 1981). The inconclusive character of 
Pring and Hutton’s work, however, caused us to postpone aly 
reply until we were in a position to bring forward such ne¥ 
evidence as would place the issue beyond doubt. 

Pring and Hutton’s experiments consisted in heating electrically 
rods of purified carbon in an atmosphere of hydrogen to various 
temperatures between 1000° and 2800°, the apparatus being so cok 
structed that the heated rod was far removed from the glass 
metal walls of the containing vessel. The results left the ma 


* Attention had been previously drawn to the probability of the direct synthe 
of methane from its elements by Bone and Cain (Proc., 1894, 10, 180). 
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issue quite undecided, for, whilst small quantities of methane 
yere invariably obtained (thus, for example, 0°20 to 0°25 per cent. 
at 1350°, and 0°40 to 0°43 per cent. at 1700°, for “carbons purified 
in chlorine,” tables III and IV., p. 1599), the authors threw 
joubt on its synthetic formation by stating (p. 1598) that “ through- 
out the whole of the work, the greater the precautions which were 
taken to improve the quality of the carbon the lower was the 
percentage of methane formed.” But no evidence was advanced 
jor the assumption that the observed falling off in the rate of 
methane formation synchronised with any material increase in the 
urity of the carbon; on the contrary, in almost the next para- 
graph (p. 1598), the authors apparently rejected the idea that 
the methane had arisen from the decomposition of hydrocarbon 
impurity in the carbon rods, on account of their failure to detect 
more than 0°1 per cent. of methane in the gases evolved when an 
entirely new rod was heated in a vacuum (p. 1599). The alterna- 
tive theory, that the observed facts might be due to a progressive 
falling off in the activity of the carbon in consequence of physical 
changes in the surface layer induced by prolonged exposure to such 
high temperatures, was apparently overlooked. Finally, it may 
be pointed out that the authors’ claim of having synthesised 
aetylene at 1800° (p. 1600) is illogical, unless they are also pre- 
pared to admit the direct formation of the much larger quantities 
of methane at the same temperature. The case for acetylene rests 
m no stronger evidence than that for methane, and the two 
claims obviously must stand or fall together. 

Rather more than a year ago, Mayer and Altmayer published 
the results of some experiments on the reversible reaction 
(+2H, = CH, at 475° to 625° in presence of nickel or cobalt as 
catalyst. From their results, together with certain assumptions 
regarding the specific heat of the reacting substances and the 
teat of formation of methane at the experimental temperature, 
they deduced the following mathematical expression for the state 
of equilibrium finally attained by the system at any temperature 
I on the absolute scale: 


CT= - 18507 +5-9934 Tlog7'+0:002936 72+ RT logPcHs, 

P' xe 
where poy, and Py, are the partial pressures of the methane and 
tydrogen respectively, and C is a constant=21°1, deduced from 
their experimental results. 
They then proceeded by extrapolation to calculate the percentages 
of methane in a system in equilibrium at atmospheric pressure at 
Yanlous temperatures between 250° and 850°—that is to say, a range 
of temperature four times as great as that actually covered by their 


a 
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experiments—and finding that at 850° the percentage of methane 
would be 1°59 only, they did not hesitate to deny the possibility 
of synthesising methane from its elements at 1200°, and to suggest 
that the results obtained by Bone and Jerdan were due to impur. 
ties in the carbon which had been employed.* Fortunately, we ar 
in a position to refute this aspersion by giving the results o 
analyses of the particular carbon in question. 

It seemed to us that the most effective way of replying to the 
various critics would be to convert a small quantity of highly 
purified carbon quantitatively, or nearly so, into methane by heating 
it in a stream of pure dry hydrogen at 1100° to 1200° in a form 
of apparatus similar to that used by Bone and Jerdan in 1897, 
The task proved by no means an easy one, partly on account of the 
length of time required, which imposed considerable physical strain 
on the operators, but mainly because of the marked reducing action 
of the methane on the glaze of the porcelain tube in which 
the carbon was heated. We finally succeeded, however, in 
obtaining 73 per cent. of the theoretical yield of methane from 
about 0°1 gram of highly purified carbon in two different experi- 
ments, each of which extended over thirty-six hours without a break. 
Such a result obviously precludes the supposition that the methane 
arose from any possible traces of impurity in the carbon used, 
and, since throughout the final experiment the hydrogen had been 
perfectly dried by passage through a long spiral immersed in a 
bath of liquid air, the direct synthesis of methane, as originally 
carried out by Bone and Jerdan, would appear to be established 
beyond all doubt. 

In our recent paper on the “ Thermal Decomposition of Hydro 
carbons ”’ (this vol., p. 1197), proof was given of the far greater 
stability of methane as compared with ethane, ethylene, and 
acetylene at temperatures up to 1200°, and of the marked tendency 
to form it by the direct hydrogenation of (presumably) such 
residues as *CH;, ‘CH,, and :CH at temperatures above 800°. The 
new evidence, contained in the present paper, of the formation oi 
methane by the direct hydrogenation of solid carbon itself once 
more emphasises the importance of this hydrocarbon as a high tem 
perature product. 

Attention is drawn to the fact that the question of the condition 
of equilibrium in a system containing carbon, hydrogen, and 
methane at 1100° to 1200° is not considered in this paper. We hope 
to deal with this aspect of the subject in a future communication. 

* In the concluding paragraph of their paper (Ber., 1907, 40, 2144), referring 
the work of Bone and Jerdan, they remark : ‘‘ Nach den hier berichteten Ergebnisse? 
kann dieses Methan nicht aus Kohlenstoff und Wasserstoff entstanden sein. Walt 
scheinlich enthielt ihre Kohle Verunreinigungen, die Methan lieferten.” 
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EXPERIMENTAL. 


A. The Estimation of Small Quantities of Methane in a Gas mainly 
consisting of Hydrogen. 


The accurate estimation of such small percentages of methane 
as are formed when a stream of pure hydrogen is passed over carbon 
at 1100° to 1200° cannot be carried out in the usual way by deter- 
mining the amount of carbon dioxide formed when the gas is 
exploded with excess of oxygen, unless the greater part of the dilut- 
ing hydrogen is previously removed by absorption in contact with 
palladium. Hutton and Pring (/oc. cit., p. 1598), using a Sodeau 
apparatus, and without any such preliminary concentration, did 
indeed claim that their numbers for methane might be relied on 
to within 0°04 per cent., despite the fact that oxides of nitrogen 


Fic. 1. 


were admittedly produced in their explosions to the extent of 0°1 
per cent. We feel very doubtful whether, under these conditions, 
such a high degree of accuracy is at all possible. 

Throughout the present investigation all analyses were carried 
out on the residual gas obtained by concentrating about a litre of 
the original gas to between 20 and 50 c.c. over palladium foil 
at 100°. The apparatus used for the concentration is shown in 
Fig. 1. A measured volume of the gas under examination was 
slowly admitted into the vacuous globe, A (capacity = 150 c.c.), which 
was packed with small pieces (31 grams) of thin palladium foil,* 
and was heated in a water-bath to 100° during the absorption of 
the hydrogen. Most of the hydrogen was quickly absorbed, after 


* We are indebted to the kindness of Prof. H. B. Dixon for the loan of this 
palladium foil, 


1980 BONE AND COWARD: THE DIRECT UNION OF 


which the water-bath was removed and the residual gas withdraw, 
by means of an automatic Sprengel pump into a graduated tube 
over mercury. The volume of the “concentrate” having been 
determined, it was successively treated with solid potassium 
hydroxide, ammoniacal cuprous chloride solution, and dilute sul. 
phuric acid to ensure the elimination of any traces of oxides of 
carbon, after which it was finally analysed by explosion with excess 
of oxygen in the usual manner. In this way, the accuracy of the 
estimation of the methane formed was increased something between 
twenty- and fifty-fold as compared with the usual method. The 
hydrogen used in each experiment was also similarly concentrated, 
and the residual gas analysed. 

The method seemed open to one possible objection which, hov- 
ever, proved quite groundless. The gas obtained in our experi- 
ments always contained, besides methane, a small quantity (usually 
less than 0°2 per cent.) of carbon monoxide, derived by the reducing 
action of some of the methane on the walls of the porcelain tube 
in which the carbon was heated. The exit gases were invariably 
passed through a strong and freshly-prepared ammoniacal solution 
of cuprous chloride before concentration over the palladium, which 
reduced the carbon monoxide to certainly less than 0°05 per cent. 
But in order to make quite sure that this small quantity would not 
give rise to methane during the concentration, two blank experi- 
ments were performed, in each of which a litre of hydrogen con- 
taining as much as 2°0 per cent. of carbon monoxide was concen- 
trated, in one case to 40 and in the other to 65 c.c., over the pal- 
ladium foil. On subsequently analysing the residual gas, after 
the removal of carbon monoxide, the amount of methane found 
amounted to no more than between 0°01 and 0°02 per cent. on the 
original gas concentrated; in other words, any methane formed 
during the concentration did not exceed one-hundredth part of 
the carbon monoxide originally present. It may therefore be 
safely assumed that the presence of less than 0°05 per cent. of 
carbon monoxide in the gases concentrated in our experiments had 
no appreciable effect on the results for methane. 


B. Analysis of the Carbon used by Bone and Jerdan and a Repett- 
tion of their Experiments. 


The experiments recorded in this section of the paper were 
carried out in June 1905 immediately after the appearance of 
Berthelot’s paper and before Pring and Hutton commenced their 
experiments. 

(1) Analysis of Bone and Jerdan’s Carbon.—We were fortunate 
in possessing a few grams of the sample of carbon actually used by 
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Bone and Jerdan in 1896-1901. It had been prepared by the 
inition of cane-sugar, as described in their first paper (loc. cit., 
D. 45), and had been carefully purified by being heated to redness 
in a current of dry chlorine for many hours, after which all traces 
of chlorine were removed by prolonged heating in hydrogen at the 
same temperature. Two analyses of the carbon were made by 
burning it in a stream of dry oxygen in a combustion tube packed 
with red-hot copper oxide, and weighing the water produced, as 


follows : 
Per cent. 


(1) 1:00 gave 0-0045 H,O. H=0-05 
(2) 0:90 ,, 00058 H,O. H=0-07 


Mean = 0:06 


It is tolerably certain that at least part of this. hydrogen was 
present in an “occluded ” form (it is extremely difficult to remove 
the last traces of occluded hydrogen from carbon even in a vacuum 
at red-heat), but even assuming it to be wholly present as hydro- 
carbon impurity, the amount of methane derivable thereform would 
not exceed 3°3 c.c. per gram of the carbon. 

(2) Repurification of the Carbon.—Between 2 and 3 grams of 
the carbon were subsequently heated to redness in a stream of dry 
chlorine for one hundred and seventeen hours, and after- 
wards in pure dry hydrogen to the same temperature 
for three days. All joints in the apparatus were of fused 
glass. Finally, the carbon was transferred to the porcelain 
tube of the apparatus, to be described hereafter, and further 
heated in pure dry hydrogen at 1100° for twenty-six hours before 
the experiments recorded in the next paragraph were commenced. 
This drastic treatment would certainly reduce any traces of hydro- 
carbon impurity (if, indeed, such were actually present) to vanish- 
ing proportions. 

(3) Repetition of Bone and Jerdan’s Experiments.—0'34 Gram of 
this repurified carbon was heated to 1020—1070° in a slow 
current of pure dry hydrogen in an apparatus in all respects similar 
to that used by Bone and Jerdan in 1897, except that the furnace 
tow employed was of an improved type and allowed of a longer 
length of the combination of the two coaxial porcelain tubes being 
heated. A current of dry hydrogen was maintained through the 
annular space between the two porcelain tubes throughout each 
‘xperiment. The issuing gas was collected, and subsequently con- 
‘entrated over palladium before the final estimation of methane 
vas made. The results of three successive experiments, together 
with a fourth blank experiment, were as follows: 


NE 
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(a) 900 c.c. of issuing gas collected in two and a-quarter hours, 
Temperature = 1020°. 
Methane found in the concentrate= 0°65 per cent. on the original 
900 c.c. collected. 
Total methane in issuing gas = 5°85 c.c. 
(b) 900 c.c. of issuing gas collected in two hours. Temperature= 
1050—1075°. 
Methane found in the concentrate =0°69 per cent. on the original 
900 c.c. collected. 
.. Total methane in issuing gas = 6'2 c.c, 
(c) 800 c.c. of issuing gas collected in two hours. Temperature= 
1020°, 
Methane found in the concentrate=0°53 per cent. on the original 
800 c.c. collected. 
.. Total methane in issuing gas = 4'2 c.c, 


(d) 2000 c.c. of the pure hydrogen employed were passed through 
the heated tube, which now contained no carbon, and 1100 c.c. of the 
issuing gas were subsequently concentrated to 15 c.c. over palladium, 
An analysis of the residue showed that the original gas contained 
0-03 per cent. of methane and 0°16 per cent. of nitrogen only. 

Summary.—Of the 16°25 c.c. of methane found in the issuing 
gases in the above experiments, not more than 0°9 c.c. could have 
been contained in the 2800 c.c. of hydrogen employed, whilst, at 
the utmost, not more than 11 c.c. could have been derived from 
any hydrocarbon impurity in the 0°34 gram of carbon used, even 
on the assumption that the drastic treatment described under (2) 
had been completely ineffectual. It follows, therefore, that at 
least 14°25 c.c. of methane must have been produced by the inter- 
action of carbon and hydrogen. It may thus be fairly claimed that 
this series of experiments not only establishes the high degree of 
purity of the carbon used by Bone and Jerdan, but also confirms, in 
all essential particulars, their synthesis of methane. 


C. Series of Three Experiments showing a Large Yield of Methane 
from a Small Quantity of Carbon at 1100°. 


These experiments, which were carried out during the summer 
of last year, were designed to demonstrate the possibility of con- 
verting a small quantity of highly purified carbon very largely into 
methane by simply heating it to 1100°, or thereabouts, in a steady 
current of pure and well-dried hydrogen, within the limits of 4 
twenty-four hours’ experiment. 

Preparation and Purification of the Carbon.—A new sample of 
sugar-charcoal was prepared in the manner described by Bone and 


Jerdan. Its purification was effected 
ina stream of dry chlorine, first of all 
at 650° for two hundred and ninety-six 
hours in a Jena glass combustion tube, 
and afterwards at 1100° for twenty-five 
hours longer in the inner porcelain 
tube of the apparatus described below. 
Finally, it was heated to 1100° in a 
current of pure dry hydrogen for fifty 
hours until the last traces of chlorine 
were eliminated. Analysis showed that 
it contained only 0°08 per cent. of 
hydrogen, probably mainly in an 
“occluded” form. During the second 
stage of the purification in chlorine, the 
carbon had been contained in a 
platinum boat, in order to avoid its 
coming into contact with the inner sur- 
face of the hot porcelain tube, and it 
was subsequently found to have become 
associated with about 14 per cent. of 
finely-divided platinum, which, as was 
found later, had the effect of increasing 
its activity towards hydrogen. 
Preparation of the Hydrogen.—The 
hydrogen used in these and all subse- 
quent experiments was prepared by the 
electrolysis of a solution of recrystal- 
lised barium hydroxide in a U-shaped 
electrolytic cell which formed an 
integral part of the apparatus de- 
scribed below. By means of a constant 
current of about 2°25 amperes, a per- 
fectly steady evolution of hydrogen at 
a rate of about 0°95 litre per hour 
could be maintained throughout the 
whole of each experiment. 

The Apparatus.—The arrangement 
of the apparatus is shown in Fig. 2. 
4 is the electrolytic cell supplying the 
pure hydrogen. The gas evalved passed 
successively through (1) the empty 
worm B, cooled externally ; (2) the tube 
( of Jena hard glass, containing a 
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long roll of copper gauze heated to redness in a combustion furnace; 
(3) the U tube D, containing ignited calcium chloride; (4) the Y 
tube #, containing solid potassium hydroxide; (5) the glass spiral 
F, with nine turns, each 3°3 cm. in diameter, which in the final 
experiment was externally cooled with liquid air. The dry gas 
then entered the inner one (@ @) of the arrangement of two coaxial 
porcelain tubes, similar to that used by Bone and Jerdan,* which 
contained the purified carbon resting in a platinum boat so as to 
be out of contact with the walls of the tube. The tubes were 
heated in a powerful gas furnace H to a temperature of 1100° to 
1175°, a slow current of pure dry hydrogen being maintained 
through the annular space between the two tubes throughout the 
whole of each experiment. The gas issuing from the heated inner 
tube passed through (1) the worm KX, containing 50 per cent. sul- 
phuric acid; (2) the worms Z and M, containing a strong and 
freshly prepared ammoniacal solution of cuprous chloride; (3) the 


Fic. 3. 


worm J, containing 50 per cent. sulphuric acid, and was finally 
coilected in the graduated holder ? over a mixture of equal volumes 
of glycerol and water. 

All the joints in the apparatus, except those leading in and out 
of the worms LZ and M, the contents of which required changing 
between each experiment, were of fused giass. Those leading in 
and out of the combustion tube C, were composed of several kinds of 
glass of carefully graded hardness all fused up together. 

The construction of the joints leading in and out of the inner 
porcelain tube containing the carbon is shown in Fig. 3. Each 
was composed of a closely-fitting glass tube carefully ground into 
the open end of the porcelain tube, the joint being secured ex- 
ternally by means of a short length of stout rubber tubing. In 
this way a perfectly tight joint was made without the gas coming 
into contact with rubber at all. 


* The details of this arrangement were fully described in Bone and Jerdan’s first 
paper (Joc. cit., p. 47), and were referred to again in our recent paper on “ The 
Thermal Decomposition of Hydrocarbons” (this vol., p. 1208). 
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In the experiments to be described in the next section, the inner 
orcelain tube was furnished with a loosely-fitting quartz tube 
which extended throughout the whole of the heated portion; in 
the experiments at present under consideration this quartz lining 


was not inserted. 
Experimental Plan.—The mode of procedure in these experiments 


was as follows: ; 
About 0°1 gram of the purified carbon was weighed out into 


a platinum boat and introduced into the inner porcelain tube 
(all cold). The air in the apparatus having been completely dis- 
placed by the pure dry hydrogen, the furnace was lighted, and the 
temperature of the porcelain tubes raised to about 1150° as rapidly 
as possible. During this initial period of heating, the current of 
hydrogen was suspended. About fifteen minutes after the inner tube 
had attained the maximum experimental temperature, the current 
of hydrogen was re-started, and the collection of the issuing gas in the 
holder P was begun, a litre being collected during the next sixty-five 
to seventy minutes. The experiment was continued usually about 
twenty-five hours, the stream of hydrogen being maintained at a 
steady rate of about 0°95 litre per hour throughout. Litre samples of 
the issuing gas were collected at selected intervals, and after con- 
centration over palladium foil to a known volume, the methane in 
the concentrate was determined. In this way, the rates of forma- 
tion of methane at different periods during each experiment were 
accurately determined, and, knowing the total volume of hydrogen 
passed through the apparatus, an estimation could be made of the 
total methane produced. The results of each experiment may be 
summarised in tabular form as follows. 


Experiment I. 


Preliminary Blank Experiment to Test the Purity of the Hydrogen. 
—Hydrogen passed through the apparatus with the porcelain tubes 
heated, but containing no carbon. One litre of gas collected in 
sixty-two minutes, and was subsequently concentrated over pal- 
ladium foil to 22 ¢.c. Methane in the residual gas was equivalent 
to 0006 per cent. on the original litre collected. 
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Actual Experiment.—Total duration = twenty-six hours. Ten. 
perature=1175°. Weight of carbon taken=0°086 gram. Total 
hydrogen used = 23 litres. 


Hour fr 1 litre 1 litre Percentages in the litre of 
Sample. me he collected, | concentrated gas collected,* 
© S| in minutes. to c.c. CH co 
~T14. ° 
BD codaces 0—1 67 30 0°68 0°012 0°10 
BU: capanaiaves 34— 4} 66 23 058 0°014 0°09 
Ill 10 —11} 73 3 0°52 0°02 0°04 
ie RS ee 24 —25 65 25 0°20 0°04 0°10 


Summary.—Estimate of the total amount of methane in the issuing 
gases= 96 c.c. at 15° and 760 mm. Of this not more than 1°4 cc. 
would be originally present in the 23 litres of hydrogen, 
and not more than 0°4 c.c. could possibly have been derived 
from impurity in the carbon. Therefore 92°2 c.c. must 
have been formed by the direct action of the hydrogen 
on the carbon. Now the total quantity of methane theoret- 
ically obtainable from 0°086 gram carbon=170 c.c. at 15° 
and 760 mm., so that about 54 per cent. of the carbon was converted 
into methane during the experiment, and at the end of twenty- 
five hours appreciable quantities of methane were still being pro- 
duced. Some of the carbon was left over at the end of the experi- 
ment, and part of the methane formed had been lost by oxidation 
in contact with the inner surface of the heated porcelain tube. 


Experiment II. 

Total duration =twenty-six hours. Temperature =1100—1150° 
Weight of carbon taken=0°086 gram. Total hydrogen used= 
26 litres. 


. ney a 1 litre llitre | Percentages in the litre of 
Sample. | beginning collected, concentrated gas collected. 
g "an : ‘ ie , 

In minutes. to c.c, CH,. Co. N. 

Be aviesiaatrets 0o— 1 65 23°5 0°69 0:009 0°18 

| ee 3— 4 66 31°0 0°59 nil 0°15 

) ee 9—10 73 24°5 0°42 0°05 0°32 

eS 20—21 65 61°0 0°27 0-09 1°15 

WF sbcKeciaeaae 25—26 65 70°0 0°06 8©=60'07 1°86 


* The carbon monoxide in the gases issuing from the tube in this and the two 
following experiments would average about 0°2 to 0°25 per cent. ; it was, however, 
nearly all absorbed by the cuprous chloride solution in the worms Z and M (Fig. 2) 
before the litre samples were collected. 
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Summary.—Estimate of the total amount of methane in the 
suing gases=995 c.c., of which not more than 1°6 c.c. would be 
originally present in the hydrogen used, and not more than 0°4 
ce, could have been derived from any impurity in the carbon. 
Therefore 93 c.c. must have been formed by the action of the 
hydrogen on the carbon. 

It is evident that towards the end of the experiment, after about 
the twentieth hour, small quantities of air were leaking into the 
apparatus, probably due to incipient porosity in the porcelain tube, 
which was showing signs of brittleness. The inner surface of the 
tube had been much reduced by the methane. 


Experiment III. 


Before this experiment, the following “blanks” were per- 
formed : 

(1) Pure dry hydrogen was passed through the apparatus, the 
porcelain tubes being heated asin an actual experiment, but no 
carbon was introduced. One litre of the issuing gas was collected 
and conceutrated to 34 c.c. The methane found in the residual 
gas was equivalent to 0°01 per cent. on the original hydrogen 
collected. 

(2) A mixture of 98 per cent. hydrogen and 2 per cent. carbon 
monoxide was passed through the apparatus, the porcelain tubes 
being heated to 1100° without any introduction of carbon. One 
litre of the issuing gas was concentrated over palladium to 58 c.c. 
The methane found in the residual gas was equivalent to 0°03 per 
cent. on the original gas collected. 

(3) A litre of the same mixture of 98 per cent. hydrogen and 
2 per cent. carbon monoxide was, without having been passed 
through the apparatus, concentrated to 65 c.c. over palladium. 
The methane found in the residual gas was equivalent to 0°02 per 
cent. on the original gas collected. 

From (2) and (3) it is clear that the presence of even quite a 
large percentage of carbon monoxide could have no appreciable 
influence on the production of methane either in the hot tube or 
during the subsequent concentration over palladium. Any carbon 
monoxide produced in the actual experiments did not exceed 0°2 
to 0°3 per cent. 
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Actual Experiment.—Total duration=twenty-five hours. Tey. 
perature=1100°. Weight of carbon taken=0°086 gram. Tota] 
hydrogen used = 23 litres. 


a 


es llitre | 1 litre Percentages in the litre of 
Sample. ated ¥, collected, | concentratcd gas collected, 
a as 1D minutes, to ¢.c. CH,. CO. 

Rok as Los, on% - 1) 45 0:93 nil 0-98 
iss 4— 5 41 051 ie 0°75 
epics 10—11 | 31 0°43 ng 056 
12—13 - 65 43 0°49 015 
, Se 15—16 | 66 0-48 as - 
. ae 19—20 60 0-24 iA 5S 

0-20 i oe 


; | SESS 24—25 J 60 


Summary.—Estimate of total methane in the issuing gases= 
102 c.c., of which not more than 2°3 c.c. would be originally con- 
tained in the 23 litres of hydrogen used, and not more than 0'4 c.. 
could possibly have been derived from impurities in the carbon. 
Hence 99 c.c. must have been formed by the action of the hydrogen 
on the carbon, which was still proceeding when the experiment was 
stopped. 

General Summary.—tiIn the above three experiments the forma- 
tion of no less than 284 c.c. of methane from 0°258 gram of carbon 
was demonstrated. Some methane was also lost by oxidation 
or decomposition in contact with the hot walls of the porcelain 
tube, which became coated internally with a dark brown to black 
film of either carbon or reduction products.* The exterior of the 
tube, which had been exposed to the action of the pure hydrogen 
passing through the annular space between the inner and outer 
tubes, remained quite white, proving that the reduction of the 
interior of the tube was due to the action of methane. 


D. Experiments showing a 73 per cent. Yield of Methane from less 
than 01 gram of highly purified Carbon at 1150°. 


In order to minimise the loss of methane by oxidation in contact 
with the hot walls of the porcelain tube, the latter was furnished 
with a loosely-fitting quartz lining, which extended throughout the 
whole of the heated portion of tube. With the apparatus % 


* Since the above paragraph was written, Dr. M. E. Feilmann very kindly 
undertook a micro-chemical examination of the inner surface of the tube, finding 
unmistakable signs of lead, but no carbon. It would therefore appear that the 
methane had reduced some lead compound present in the glaze, with consequent 
production of metallic lead and carbon monoxide.—W. A. B. 
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arranged an attempt was made to convert about 01 gram of 
highly purified carbon wholly into methane as follows. 

The carbon, enclosed in a piece of platinum foil, was inserted 
in the middle of the quartz lining of the inner porcelain tube of 
the apparatus, and heated in a stream of pure dry hydrogen for 
about thirty-six hours continuously.* The whole of the issuing gas 
was collected in several successive portions, each of which represented, 
as a rule, the results of a six hours’ run. The volume of each 
0°28 portion having been determined, a litre of it was subsequently 
concentrated over palladium, the methane being finally determined 
0°15 in the concentrate. 
~ These experiments imposed considerable physical strain upon the 
operators, and tried the apparatus to the utmost of its capabilities 
of withstanding the long exposure to the fierce heat of the furnace. 
The yields of methane obtained, however, approached 75 per cent. 


Ten- 
Total 


— 


itre of 


se3 = of those theoretically possible, and would certainly have been 
con- higher had it been possible to prevent all loss by reduction of the 
4 cc, inner surface of the porcelain tube. For despite the protection of 
rbon. the loosely-fitting quartz lining, the glaze of the porcelain did not 


‘ogen escape attack by the methane. The carbon monoxide in the exit 
; was gases, before they had passed through the worms containing am- 

moniacal cuprous chloride, was found to be about 0°15 per cent., 
yrma- sufficient to account for the whole of the original carbon not actually 


bon obtained finally as methane. 

ation Purification of the Carbon.—A new sample of sugar-charcoal was 
elain prepared; it was purified in a stream of dry chlorine at 700° for 
olack forty-four hours, afterwards at 1100° for thirty-seven hours, and 
f the inally in pure dry hydrogen at 1100° for twenty-four hours, until 
‘ogen all traces of chlorine were eliminated. It may be of interest to 
uter record the results of this drastic treatment, whch show how difficult 
the it is to purify carbon completely. After the first forty-four hours 
in chlorine at 700°, the hydrogen left amounted to 0°5 per cent., 
and after seventeen more hours at 1100°, it was reduced to 0°l 
per cent. At this stage about 0°6 gram was reserved for the 
inal twenty hours’ purification in chlorine (which must surely have 
reduced the hydrogen to practically zero), and an_ estimate 
of the methane formed during the twenty-four hours’ heating in 
dry hydrogen, which immediately followed the chlorine treatment, 
amounted to no less than 160 c.c. 

During the final treatment in chlorine some pieces of platinum 


» less 


atact 
shed 
; the 
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* The current of hydrogen was stopped during the short initial period in each 
experiment during which the tube was being beated, and only resumed fifteen 
muuutes after the attainment of the maximum temperature, when the collection of 
the irst portion of the issuing gas began. In the tabulated results, the various time 
intervals are reckoned from this point in each case. 
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wire were mixed with the carbon in order to increase its actirity 
by association with finely-divided platinum; in this way, about 
11 per cent. of platinum was taken up. 

The details of two experiments are tabulated below. 


Experiment 1.* 


Total duration after attainment of maximum temperature= 
thirty-seven hours continuously. Temperature=1150°. Total carbon 
used =0°0995 gram. Hydrogen used=about 34 litres, which was 
dried by means of calcium chloride and solid potassium hydroxide, 


TS RRR Rae ole 1 2 3 4 5 6 


} 
BD ive tac dcwenvcvaies 0 to 6 | 6 to 12 12 to 18/18 to 24 24 to 30 30 to 36 36 to 37 
| 


Total volume of gas col- 
lected, in litres ...... 5°6 5°5 5°5 5°5 5°5 56 


Percentages in (2+ 0°025| 0:02 | 0-03 | 0-01 | 0-03 | 0-02 
vras collected yCHa--| 0°65 | 0°57 | 0°59 | 0°56 | 0°26 | 0°06 
gas collected | w....| [3°6] | 0°07 | 0-25 | 0°10 | 0°20 | 0-05 


and 760 mm. 
Theoretical yield from 0°0995 gram of carbon=185 e.c. at 0° and 
760 mm. 
”, Actual yield = 73:3 per cent. of that theoretically possible. 


Experiment II. 


Total duration after attainment of maximum temperature = thirty- 
five hours continuously. Temperature = 1120—1180°. 
Carbon used = 0-092 gram. Hydrogen used = 32°6 litres. 


Throughout the whole of this experiment, the hydrogen, after 
being dried by means of calcium chloride and solid potassium 
hydroxide as previously described, was passed through the spiral F 
(Fig. -2) externally cooled with liquid air, and it therefore entered 
the porcelain tube containing the carbon in a perfectly dry condl- 
tion. The pure hydrogen passed through the annular space 

* Before this experiment, a “ blank” was performed, in which pure dry hydrogen 
was passed through the apparatus with the porcelain tube heated to 119, but 
containing no carbon. 970 c.c. of the issuing gas were collected and reduced t 
18 c.c. over palladium foil. The methane found in the residue correspon ied with 
0‘01 per cent. on the original gas collected, a negligible quantity. 


‘ 
c 
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between the two tubes was also similarly dried by passage through 
a spiral immersed in liquid air. 


MDs, sasconntvnannosve a 2 3 4 5 6 7 
| 
ent gee | | | 
HOWE ...sccenseresesenes .| 0 to 6 | 6 to 12/12 to 18,18 to 24 24 to 30/30 to 34/34 to 35 
ov | | 
Total volume of gas col- | 
lected, in litres ......| 5°62 | 5°60 | 5°62 5°70 5°60 3 +50 1°00 


Room temperature ...... 21° | 22° | 21°5 23° 22 22° ~ 


Barometer............ ...-| 757 | 758 758 759 758°5 758 om 


et (co ey 0°01 | 0°01 0:00 0:00 0:01 0°02 
Percentages in 0°66 | O58 | 0°41 0°11 0:02 | 0-016 
0°25 


| 

| 

4 | 
gucollected |” | 0-07 | 0-09 | 008 | 0-06 | 0-07 0-15 


Total yield of methane = 136 c.c. at 22° and 758 mm.=125°5 c.c. at 
(and 760 mm. 

Theoretical yield of methane from 0°092 gram of carbon=172 e.c. at 
(° and 760 mm. 

., Actual yield = 73:1 per cent. of that theoretically possible. 


Experiment III. 


Total duration after attainment of maximum temperature= 
eighteen hours. Temperature=about 1100°. Carbon used=0°09 
gam. Hydrogen used=16°5 litres (dried by solid potassium 
hydroxide). 

urty- The apparatus unfortunately broke down after eighteen hours 
and before all the carbon was used up; during the eighteen hours’ 
tun, 108 c.c. of methane were obtained as follows. 


after 
sium Veriod inchieteikehicsmestimcie dentin 1 2 3 
al F |__—— 
— eos | one | steel 
ondi- oun 
space Tote) wn) . ! * 

‘vt Volume of gas collected (litres) 5°5 5°5 | 55 
drogen | 
I» but ; } 
ced to Percen tag sin the | CO tee tee eeeeeeens 0°01 0°02 | 0-21 
+ with gas collected ta sieuhapas | 0°85 0°67 | 0°44 

Si siaivlpiticace 0°32 0-19 1°85 
ee, i | 
6 Q 2 
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Experiment IV. 


In this experiment a very much smaller quantity of carbon, 
0:0247 gram only, was employed; the hydrogen was dried 
over calcium chloride and solid potassium hydroxide. The methan 
formed was 281 c.c. at 0° and 760 mm., or a yield of 6] per 
cent. of the 46°1 c.c. theoretically possible, a greater proportion 
being lost by oxidation than in the previous experiments. 

General Summary.—In the above four experiments we have 
proved the formation of 422 c.c. of methane, measured at about 
20—22° and at atmospheric pressure, from a total of 0°3062 gram 
of carbon, which corresponds with 68°5 per cent. of the yield 
theoretically possible (616 c.c.). In two experiments the yield was 
73 per cent. of that theoretically possible, and in one of thes 
experiments the hydrogen, after being passed over calcium chloride 
and solid potassium hydroxide, was perfectly dried by passage 
through a long spiral immersed in liquid air. In addition to the 
above yield of methane, another 160 c.c. were formed during the 
twenty-four hours’ heating in dry hydrogen which intervened between 
the final purification of the 0°6 gram of carbon in chlorine and the 
commencement of experiment I, so that altogether the formation 
of about 580 c.c. of methane was demonstrated. 

In our opinion these results prove beyond question that methane 
is formed at 1100° to 1200° by the direct action of hydrogen on 
carbon, as originally stated by Bone and Jerdan in 1897. 


E. Note on the Increase in the Activity of Sugar-charcoal towards 
Hydrogen, due to Admizture with Platinum. 


Reference has already been made to the increase observed in the 
activity of the purified sugar-charcoal used in the foregoing experi 
ments (sections C and D), due to its previous admixture with from 
10 to 15 per cent. of finely-divided platinum. From the point of 
view of the main object of our experiments, namely, to convert 4 
small quantity of carbon wholly or almost wholly into methane, this 
was a fortunate circumstance, inasmuch as it doubtless shortened 
the time required, which otherwise would probably have exceeded 
the limits of endurance both of the apparatus and the operators 
The degree of stimulation due to the platinum may be judged from 
the two following strictly comparable experiments, in which exactly 
equal quantities of the same highly-purified sugar-charcoal (co 
taining less than 0°1 per cent. of hydrogen), in the one case with 
and in the other case without addition of platinum, were heated 
in pure dry hydrogen to 1150° and the issuing gas collected during 
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the first hour after the attainment of the maximum temperature, 
thus: 


Carbon +11 per Carbon 
cent. of platiuum. without platinum. 
-arbon, Weight of carbon taken......:........ 0°105 gram 0°105 gram 
dried Volume of gas collected... ........... 1000 c.e. 970 c.e. 
ethane Percentage of CH, formed............ 0°75 0°35 
61 per In the case of the carbon unmixed with platinum, an increase in 


vortion HB the methane formed was effected by merely increasing the weight 
of carbon used ; thus with 0°6 gram of carbon as much as 0°65 per 
hare cent. of methane was obtained. With a slow action of this kind, 
about the amount of methane obtained might be expected to increase with 
gram the surface area of the carbon exposed to the action of the 
yield hydrogen, although not necessarily proportionately, until the 
was equilibrium point of the system C+2H,— CH, was attained. The 
these nearer the approach to the equilibrium point the less would a given 
lloride MP increase in the surface of the carbon affect the percentage of 
assagé Mi methane obtained. 
to the 
g the In conclusion, we desire to thank the Government Grant Com- 
tween H@ mittee of the Royal Society for grants, out of which the expenses 
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CXCVII.—The Chlorination of Methyl Derivatives of 
Pyridine. Part II. 2-Methylpyridine. 
By Witi1am James SELL. 


Ix a former communication (Part I, Trans., 1905, 87, 799) it was 
shown that, when a-picoline was first saturated with hydrogen chloride 
and then subjected to chlorination at 105—110° as long as any action 
appears to take place, a mixture of chlorinated derivatives was 
obtained, from which a solid compound, shown to be a hexachloro- 
picoline, was separated. This, on examination, proved to have the 
constitution represented by the formula : 

Cl 

(ct 


\ /0Cl, | 
N 


a 
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It was further shown (/oc. cit.) that when this compound is carefully 
heated with 80 per cent. sulphuric acid it is converted into 3:45. 
trichloropicolinic acid, which is deposited when the cooled liquid js 
diluted with water, any 3:4 :5-trichloropyridine formed by local oye. 
heating being retained in solution. 


Examination of the Liquid Product of the Chlorination of a-Picolins, 


The liquid, which was drained from the crystals of hexachlor. 
picoline by the aid of the pump and pressure, was submitted to 
fractional distillation under reduced pressure. The liquid commenced 
to distil at 148°/12 mm., the thermometer quickly rising to 153°. 
the receiver was changed every 5° until the thermometer registered 
183°, when the distillation was practically complete. By far the largest 
part of the distillate passed over between 153° and 168° and remained 
liquid, whereas the fractions boiling at 168—183° showed signs of 
crystallisation on cooling, and, after some months, became almost solid, 
The solid from each of the last three fractions was collected, and, on 
crystallisation from alcohol, was found to separate in the characteristic 
prisms of the hexachloropicoline, m. p. 102—103°, already described, 
and this conclusion was confirmed by heating it with 80 per cent. 
sulphuric acid, when trichloropicoline, m. p. 164—165°, was isolated. 
That hexachloropicoline is freely soluble in the liqaid products was 
well known, and it is not therefore surprising to find it distilling over 
in the last part of the distillation. Its boiling point under 12 mm. 
pressure is 175—180°. 

In the hope of effecting some further purification by freezing out, 
draining, and crystallisation, the various liquid fractions were immersed 
in ice and then in a mixture of ice and salt, with no other result than 
to render them thick and syrupy. When portions were next gradually 
exposed in the upper part of a vessel containing liquid air, they 
remained clear for a time, and of the consistency of Canada balsaa, 
ultimately becoming opaque and solid. On removal from the bath, 
the phenomena were repeated in the inverse order, and, after many 
fruitless attempts, this method of purification was abandoned. 


Examination of the Various Fractions by heating with 80 per cet. 
Sulphuric Acid. 


Portions of each fraction, b. p. 153—168°, weighing 20 grams, were 
mixed with 50 c.c. of 80 per cent. sulphuric acid, and heated to 
130—132° in a long-necked flask provided with an air condenser 
ground into its neck, the heating being continued until fumes of 
hydrogen chloride ceased to escape. The mixture, on cooling, was next 
diluted with about 200 c.c. of water, and distilled in a current of 
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steam, when generally a few drops of apparently unaltered compound 
passed over, and the liquid in the flask deposited a crop of crystals on 
cooling. 

The crystals were collected and purified by recrystallisation from 
water, when they were deposited in colourless needles. Those crystals 
which separated from the treatment of the fractions boiling at 
153—158° and 158—163° melted with decomposition at 153—154°, 
whereas the acid obtained from the still liquid portions of the higher 
fractions melted at 148—149° under similar treatment as to purifica- 
tion, Subsequent further purification by recrystallisation, however, 
raised the temperature of the acid from the later fractions to 
153—154°, and, as was expected and confirmed by qualitative tests, 
the depression was due to the crystals being more or less contami- 
nated with trichloropicolinic acid derived from hexachloropicoline 
contained in the fractions of higher boiling point. 

3:5-Dichloropicolinic acid is fairly soluble in boiling, and sparingly 
% in cold, water, freely so in boiling alcohol and in most organic 
slvents. The crystals are anhydrous, and gave the following numbers 
on analysis : 

01855 gave 0°255 CO, and 0:028 H,O. C=37:48; H=1°67, 

03225 ,, O4770 AgCl. Cl=36°60. 

0:0985 ,, 01460 AgCl. Cl=36°88. 

0,H,O,NCI, requires-C = 37:50 ; H=1:56; Cl=36:97 per cent. 

An aqueous solution of the acid gives the following reactions ; 

(1) With calcium or barium chlorides and a drop of ammonia, 
no precipitate. 

(2) With silver nitrate, a sparingly soluble, flocculent precipitate 
consisting of woolly needles. 

(3) With mercuric chloride, a precipitate which is slowly deposited 
in stout, colourless needles. 

(4) With ferrous sulphate, a faint brown coloration and, after long 
standing, a slight dark red, crystalline deposit. 

(5) With copper acetate, a light blue, sparingly soluble copper salt. 

The foregoing results show that a large part of the chlorination 
product of a-picoline, which is liquid at the ordinary temperature, 
consists of pentachloropicoline, C,H,Cl,N*CCl,, and that this on heating 
with 80 per cent. sulphuric acid, is resolved into dichloropicolinic acid 
and hydrogen chloride, thus: 

2C;H,Cl,N°CCl, + 4H,0 = 2C,H,Cl,CO,H + 6HCI. 

It may be mentioned that some of the compounds described in this 
series of papers are isomeric with the corresponding substances 
obtained by Ost by the action of phosphorus pentachloride on 
tomenamic acid (J. pr. Chem., 1883, [ii], 27, 257). 
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Methyl-3 : 5-dichloropicolinate. 


About 40 grams of the acid were converted into its methy] este} 
the usual way, the substance being recrystallised from methy] alcihj 
It forms stout needles, melting at 78—79° (uncorr.), and may} 
crystallised from water or distilled in a current of steam with 
change, as shown by the melting point of the material after ths 
operations. 


3 :5-Dichloropicolinamide. 


The greater part of the methyl ester was treated with an exces; 
strong aqueous ammonia (0-880) and left overnight in a closed iat, 
The amide was dissolved in boiling water, from which, on cooling, i 
crystallised in colourless needles melting sharply at 175—I'f 
(uncorr.) : 

0°1795 gave 0°2455 CO, and 0°0345 H,O. C=37:29; H=2°13. 

0-2593 ,, 32:15 cc. N, at 179° and 7675 mm. N=14'57, 

C,H,ON,Cl, requires C = 37°69 ; H=2-09 ; N=14°66 per cent. 


Conversion of 3 :5-Dichloropicolinic Acid into 3 :5-Dichloropyridim, 


Since the effervescence occasioned by heating the acid to its meltix 
point seemed to indicate that it loses carbon dioxide at this tempen- 
ture, an experiment was arranged which consisted in distilling aboit 
5 grams of the acid with 20 c.c. of glycerol. The distillate, which m 
cooling solidified to a crystalline mass, was rinsed with cold alcohol ani 
after pressure between folds of blotting paper crystallised from bot 
alcohol, from which it separated in flat, flexible needles and plates with 
the characteristic odour, volatility, reactions, and melting pois 
(66—67°) of the dichloropyridine described by Koénigs and Geigy (Ber, 
1884, 17, 589, 1833), Sell and Dootson (Trans., 1899, 79, 97%), 
and shown by the author to contain the chlorine atoms in the 3:)- 
position (this vol., 1997). This was confirmed by converting a spec: 
men of the dichloropyridine into diethoxypyridine and transforming 
the latter by bromine water into the characteristic dibromodiethoxy- 
pyridine, m. p. 193—140°: 

Found, Br = 49°29 

C,H,,0,NBr, requires Br = 49°23 per cent. 
University LABORATORY, 
CAMBRIDGE. 
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XCVUL—The Chlorine Derivatives of Pyridine. 
Part IX. Preparation and Orientation of 3:5- 


| ester) 


| alcobjl 
may 7 D . ge hg 
% Dichloropyridine. 
Withoy PY 
er they By Wituram James SELL, 


ye substance which forms the subject of this communication has 
ong been known, and was first described by Kénigs and Geigy, who 
btained it together with a trichloropyridine by the interaction of 


re phosphorus pentachloride and barium pyridinedisulphonate (Ber., 
cling: (EE S84, 17, 589, 1833). The dichloropyridine has since been 
5—]7¢ Ep obtained by Dootson and the author (Trans., 1899, 79, 979), and, 
more recently, the author has found the yield of this substance much 

13, improved by modifying the apparatus previously used (Joc. cit.) so as 
7 to encourage the sublimation of the dichloropyridine hydrochloride as 
“i the chlorination proceeds. The same compound was also found to 
result from the distillation with glycerol of the dichloropicolinie acid 
‘din prepared by the action of 80 per cent. sulphuric acid on one of the 


preducts of the chlorination of a-picoline (this vol., 1993). 

relting The well-marked basic characters of the substance, together with its 
mpert Me great stability, as indicated especially by its unalterability by ammonia 
abou! HM at any temperature below 300°, suggested that the chlorine atoms in 


ich a J the compound occupied the 3:5-positions. This conclusion was 
| and strengthened by the analogy in general properties and stability under 
mot similar conditions to the dibromopyridine, m. p. 110—111°, in which 
swith Hi the bromine atoms are known to occupy the 3:5 positions. The 
pois! latter substance was discovered by Hofmann (Ber., 1879, 12, 988), 
(Ber, and the orientation conclusively proved by, among others, G. Pfeiffer 
979), B® (Ber., 1887, 20, 1343). 

3:3 With the object of testing the above conjecture, it was determined 
sees to prepare a quantity of Hofmann’s 3:5-dibromopyridine, m. p. 
mIng 110—111°, according to the directions of that investigator (Coc. cit.). 
oxy It was then converted into the diethoxypyridine by heating in sealed 


tubes with excess of sodium ethoxide. 

Similarly, a quantity of diethoxide was made from the dichloro- 
pyridine in question. The examination of the two specimens of 
diethoxypyridine showed that they were similar to each other, and 
corresponded with the description given by Weidel and Blau (Monatsh., 
1885, 6,669), who prepared their specimen from 3 : 5-dibromopyridine. 
It was then determined to institute experiments in the hope of 
obtaining some sparingly soluble, definite, crystalline compound of 
marked individuality, by which a comparison could be made of the 


is 
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identity of the diethoxide from the two sources. The result was the 
discovery that the diethoxide from both sources reacts with bromine 
and chlorine to form identical compounds. When bromine water js 
added to an aqueous solution of the diethoxide in dilute hydrochloric 
acid, a bulky, white precipitate is produced, consisting of delicate 
needles almost insoluble in water, but fairly soluble in dilute alcohol, 
from which the substance crystallises in somewhat flattened needles 
with a satiny sheen, melting at 141—142° (uncorr.). As will be seen 
below, the diethoxypyridine absorbs two atoms of bromine, and, 
in view of the fact that by heating the compound to 150° with 
concentrated hydrochloric acid it is converted into dibromodihydroxy. 
pyridine, the new compound is represented by one of the subjoined 
formulz, of which (I) is regarded as the more probable, but further 
experiments are necessary to justify it. 


Br 
0,H,-0% 0-0,H, O,H,-0% o-C,H, 
\_ Br Br /) Br 
N N 


(I.) (IL.) 

An analogous compound containing two atoms of chlorine is 
obtained from the diethoxide from both sources by the use of chlorine 
water in place of bromine water. The compound forms beautiful 
needles from dilute alcohol, melting at 123—124°. This substance, 
when heated with concentrated hydrochloric acid to 150°, is converted 
into dichlorodihydroxypyridine, crystallising from water in colourless 
needles containing 3 molecules of water of crystallisation, which 
are lost in a vacuum over sulphuric acid, the substance becoming 
opaque, The compound is represented by one of the following 
formulz, but the question as to which is the correct one must be the 
subject of further study. 


Cl 
HO’ OH HO Nou 
\ Ja cl po 
N N 
EXPERIMENTAL, 


The dichloropyridine (2 grams) was heated in sealed tubes for 
five hours with a solution of sodium (1°5 grams) in absolute alcohol 
(20 c.c.) to a temperature of 190—200°. After cooling, the contents 
of the tubes were rinsed out with water, and distilled in a current of 
steam. The first part of the distillate consisted chiefly of alcohol 
with some dissolved diethoxypyridine, and this was followed by a2 
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ueous part which separated into two layers, the lower of which was 
mainly diethoxypyridine, which was separated in the usual way, 
dissolved in diluté hydrochloric acid, and used for the experiments 
detailed below. 

A small part was precipitated with chloroplatinic acid, and a 
platinichloride, consisting of orange-yellow needles, was obtained 
agresing with the description given by Weidel and Blau (Joe. cit.). 
The substance is unchanged on heating to 100°, and is anhydrous. 
Two portions which had been heated to 100° were afterwards ignited, 
and gave the following results : 

0-418 gave 0110 Pt. Pt=26°31. 

0:3278 ,, 0°0855 Pt. Pt=26-08. 

(C;H,(OEt),N],,H,PtCl, requires Pt = 26°18 per cent. 


Conversion of Diethoxypyridine into Dibromodiethoxypyridine. 


A further portion of diethoxypyridine hydrochloride was mixed 
with bromine water, when a voluminous, white precipitate was produced 
consisting of colourless needles. These were practically insoluble 
in cold water, and only slightly soluble on boiling, but readily so 
in hot alcohol, from which they crystallised in somewhat flattened 
needles, having a pearly lustre and melting at 141—142° (uncorr.) : 

(1) 0:2077 gave 0:2562 CO, and 0:0705 H,O. C=33°60; H=3°77. 

(2) 02126 ,, 02618 CO, ,, 0°0665 H,O. C=3358; H=3°48. 

(5) 0127 , 0142 AgBr. Br= 48°75. 

(4) 01228 ,, 0142 AgBr. Br=49°25. 

C,H,,0O,NBr, requires C= 33°23 ; H=3°39 ; Br =49°'23 per cent. 


Conversion of Diethoxypyridine into Dichlorodiethoxypyridine. 


Another part of the diethoxypyridine hydrochloride was precipitated 
by chlorine water, the bulky, crystalline precipitate collected, and 
recrystallised from dilute alcohol. The substance forms beautiful 
colourless needles when the solution is allowed to cool rapidly, but 
when cooled slowly, large, prismatic crystals are formed, resembling 
those of potassium nitrate, and melting at 124° (uncorr.). The 
substance dissolves only sparingly in water, but is freely soluble 
in alcohol, ether, or acetone : 

01795 gave 02176 AgCl. Cl=29-97. 

C,H,,0,NCI, requires Cl = 30:08 per cent. 


Formation of Dibromodiethoxypyridine from 3 : 5-Dibromopyridine. 


Fifty grams of pure dibromopyridine, m. p. 111°, prepared by 
Hofmann’s directions (loc. cit.), were treated in an exactly similar 
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manner to the dichloropyridine, and part of the diethoxypyridine was 
converted by bromine water into its bromine derivative. The crystals 
formed were indistinguishable in appearance, solubility, and melting 
point (141—142°) from the specimen obtained by similar treatment of 
the dichloropyridine in question : 
0°0915 gave 0°10574 AgBr. Br=49°17. 
00963 ,, 011144 AgBr. Br=49-24. 
C,H,,O,NBr, requires Br = 49°23 per cent. 
The remaining diethoxypyridine, prepared from 3 : 5-dibromopyridine, 
was converted by means of chlorine water into the dichlorodiethoxy. 
pyridine. The specimen thus produced was indistinguishable from 
that prepared from the dichloropyridine in question. 


Conversion of Dichlorodiethoxypyridine into Dichlorodihydroxypyridin. 


Four grams of dichlorodiethoxypyridine were heated to 150—155° 
with concentrated hydrochloric acid in sealed tubes, each tube being 
charged with 1 gram of the substance and 20 c.c. of acid. The 
heating was continued for six hours, and if, on cooling, the tube is free 
from crystalline matter, the decomposition is complete. On opening 
the tubes, ethyl chloride escaped, and on evaporating the contents 
of the tubes to dryness on the water-bath, a slightly brown residue was 
obtained. ‘This was dissolved in the least possible amount of boiling 
water, 2 small quantity of animal charcoal added, and, after digestion 
for a time, the solution was filtered and allowed to crystallise. The 
substance separates from water in fine, colourless needles containing 
3 molecules of water of crystallisation, which it loses in a vacuum 
over sulphuric acid, or in the air-bath at 60—70°. 

The undried compound when heated to 83—84° partly melts, leaving 
a lower hydrate, or more probably the unmelted anhydrous substance. 
On continuing the heating, the whole solidified, and afterwards melted 
with darkening at 196° (uncorr.). The substance when dried at 
60—70° melts sharply at 194—195° (uncorr.) to a colourless liquid: 

0: 2105 lost, in a vacuum over sulphuric acid, 0-0485. H,0=23-04. 

0-0835, dry substance, gave 0713312 AgCl. Cl=39-41. 

C,H,O,NCI,,3H,O requires H,O = 23-07 per cent. 
C,H,O,NCI, ” Cl=39°44 ss, 
UNIVERSITY LABORATORY, 
CAMBRIDGE, 
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(XCIX.—The Chlorine Derivatives of Pyridine. Part X. 
Orientation of 2:3: 5-Trichloropyridine. 


By Wittiam James SELL. 


Tais compound was first described by Kénigs and Geigy, who obtained 
it, together with a dichloropyridine, by the interaction of phosphorus 
pentachloride and barium pyridine disulphonate (Ber., 1884, 17, 589, 
1833). 

It was also obtained in relatively large amount by Dootson and the 
author by the interaction of phosphorus pentachloride and pyridine 
(Trans., 1898, 81, 432), as well as by the chlorination of pyridine 


hydrochloride. In the latter case, it was separated by fractionation, 
and cooling of the products boiling at 205—221°/762 mm. 


Orientation. 


kénigs and Geigy found (doc. cit.) that, by the action of sodium 
ethoxide on this compound, one of its chlorine atoms was readily 
replaced by ethoxyl, and, from the similar ease with which the chlorine 
is replaced in 2-chloroquinoline, they were inclined to consider that 
one of the chlorine atoms in this trichloropyridine was also in the 
2-position. The conclusion happens to be correct, but the reasoning 
is weak and calculated to lead to erroneous conclusions, as, for 
example, in the case of 2:3:4:5-tetrachloropyridine, where the 
chlorine atom occupying the 4-position is the one most easily removed 
by sodium ethoxide (Trans., 1903, 83, 396). 

Excluding the trichloropyridines of known constitution, and regard- 
ing the feeble, but distinct, basic properties of the one in question, 
there was every probability that its constitution would be represented 
by one of the following formule : 


cl Cl 
ci Not a. i 
OF sg L a lol 
Y ed : ‘ a 
2 \ . 
(L.) (II). (IIL) 


of which (I) was regarded as sufficiently probable to warrant the 
attempt to determine its orientation on the following lines. 

A compound having this formula ought to be attacked by ammonia 
and give 3 :5-dichloro-2-aminopyridine, having the constitution re- 
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presented by (IV). This was carried out, and a substance melting y 
84—-85° was isolated : 


Further, 3 ; 5-dichloropicolinamide (this vol., 1996) was converted 
by the Hofmann reaction into 3 : 5-dichloro-2-aminopyridine, represented 
by (IV) above. The specimen thus obtained melted at 84—85° 
and the melting point was unaffected by admixture with the specimen 
prepared by the action of ammonia on the trichloropyridine melting 
at 49—50°. 

Moreover, Konigs and Geigy have described (/oc. cit.) a dichloro. 
ethoxypyridine obtained from this trichloropyridine by the action of 
sodium ethoxide. This compound they afterwards converted by 
heating with hydrochloric azid to 150° into the corresponding dichioro. 
hydroxypyridine, m. p. 178°. 

Finally, the compound depicted above (IV), obtained through 
dichloropicolinamide by the Hofmann reaction, is converted by a 
modification of the Bouveault reaction into the same dichlorohydroxy- 
pyridine, m. p. 178 —179°, as was obtained from the trichloropyridine, 
m, p. 49—50°, 


EXPERIMENTAL. 


Formation of 3:5-Dichloro-2-aminopyridine from Trichloropyridine, 
m. p. 49—50°, 


Three tubes, each containing 2 grams of trichloropyridine, 
m. p. 49—50°, dissolved in a mixture of equal volumes of alcohol 
and concentrated aqueous ammonia, were sealed and heated to 180° 
for three hours. The contents of the tubes were evaporated to 
remove most of the alcohol, diluted with water, and, after cooling, 
the precipitated compound was collected and washed. The substance 
thus obtained was treated with dilute hydrochloric acid, when a small 
quantity of the unaltered compound remained. The filtrate was 
precipitated by ammonia, distilled in a current of steam, and the 
amino-compound was recrystallised from hot dilute alcohol, from 
which it separates in needles or prisms melting at 84—85°. The 
compound is freely soluble in alcohol or acetone, moderately 8 
in hot water, but very sparingly so in the cold liquid. It dissolves 
readily in dilute acids. The solution in dilute hydrochloric acid 
gives a platinichloride, which separates in orange-yellow prisms 
containing 2 molecules of water of crystallisation : 
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0193 gave 01095 CO, and 0°0325 H,O. C=15:47; H=1°87. 
03825 lost, at 100°, 0°0185 and, on ignition, gave 0°0965 Pt. 
H,O=4°62 ; Pt = 25°22. 
(,,H,N,Cl,,H,PtCl,,2H,0 requires C= 15:54; H=1°806 ; H,O=4°66 ; 
Pt = 25°23 per cent. 


Formation of 3 :5-Dichloro-2-aminopyridine from 3 : 5-Dichloropicolinie 
Acid. 


Four grams of 3:5-dichloropicolinamide were submitted to the 
Hofmann reaction, the final distillation from the strongly alkaline 
solution being omitted as being unnecessary and likely to cause loss 
of chlorine from the compound. 

The 3:5-dichloro-2-aminopyridine which separated was collected, 
washed, and further purified by solution in hydrochloric acid 
and precipitation by ammonia. It forms colourless crystals, melting 
at 84—85°, giving a similar platinichloride, and having properties 
in complete agreement with those of the sample of the same 
substance prepared from the trichloropyridine, m. p. 49—50°, in 
question. 


Preparation of 3:5-Dichloro-2-hydroxypyridine from 3:5-Dichloro-2- 
aminopyridine. 


Two grams of 3:5-dichloro-2-aminopyridine were dissolved in 
8) per cent. sulphuric acid, mixed with a small excess of nitro- 
sulphonic acid in sulphuric acid, and warmed on the water-bath for 
about half an hour. The mixture was then poured into cold water, 
and the whole boiled for two or three minutes, cooled, and nearly 
neutralised with sodium hydroxide, when a precipitate was obtained 
from the still acid solution. The substance was collected, washed, 
and recrystallised from water, from which it separates in needles, 
m. p. 178—179°. 


In conclusion, the author desires to acknowledge the valuable 
assistance rendered by Mr. G. Hall in the preparation of material 
for this and other researches on the chloropyridines, His grateful 
thanks are also due to the Government Grant Committee of 
the Royal Society for defraying the chief expenses of these 
researches, 

Universiry LaBoraTory, 

CAMBRIDGE. 
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Scholar), and Freprertc Srancey Krpptna. 


com 
Up to the present time the only silicon compound which has beep pon 
resolved into its optically active components is the sulphonic derivative oxide, 
of dl-benzylethylpropylsilicyl oxide, [SO,H-*C;H,-CH,°EtPrsi],0, an J salt, a 
acid which contains two asymmetric silicon groups. Attempts to benzy! 
resolve other d/-silicon derivatives which contain only one asymmetric 8 
group have so far been unsuccessful ; the fruitless experiments made LM 


in the case of dl-benzylmethylethylpropylsilicanesulphonie acid, 
MeEt PrSi-CH,°C,H,*SO,H, have already been recorded (Kipping, 
Trans., 1907, 91, 717), and several similar investigations which have 
been in progress in these laboratories during the past year have also specifi 
failed to attain the end in view. Whether work on these lines is nile 
ultimately brought to a successful issue or not, it seemed very ite, 
desirable to extend and corroborate our knowledge of optically active ig 
silicon derivatives by preparing and studying at least a second example - ; 
of a compound containing two asymmetric silicon groups ; all the more ms 
so in view of the fact that the specific rotations of the d- and J-sulpho- ve 
benzylethylpropylsilicyl oxides are very small, and in other respects _— 
also the behaviour of the active compounds is not very clearly apes 
indicative of their enantiomorphous relationship. 

With this object in view, we began experiments on the synthesis of 
dl-benzylethylisobutylsilicol, Si(C,H,)Et(C,H,)-OH, in the expecta- 
tion that the behaviour of this compound would be, on the whole, 
very similar to that of its lower homologue, and that it would yielda 


crysta 


sulphonic derivative of d/-benzylethylisobutylsilicyl oxide which might soluti 
be resolved into its d- and (components ; in this paper we describe Cin 
the results of these experiments and the properties of the various from 
compounds which have been obtained. ae 

Starting from ethylsilicon trichloride, we first prepared benzyl- The 
ethylsilicon dichloride, but under conditions different from those be des 


employed and described previously (Trans., 1907, 91, 720). This 
compound was then treated with magnesium isobutyl iodide in 
ethereal solution, but the results were highly unsatisfactory. By 
employing magnesium isobutyl bromide instead of the iodide, although 
the product was a complex mixture, we were able to isolate from It 
dl-benzylethylisobutylsilicyl chloride, Si(C,H,)Et(C,H,)Cl, as a fuming 
oil, boiling at 198—202°/100 mm. By decomposing d/-benzy lethyliso- 
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butylsilicy] chloride with water or with sodium carbonate solution, we 
obtained dl-benzylethylisobuty/silicol, Si(C,H,)Et(C,H,)*OH, and dl- 
henzylethylisobutylsilicyl owide, [Si(C,H,)Et(C,H,)],0, two compounds 
which were easily separated by fractional distillation, as the former 
boils at 162—164°/25 mm., and the latter at 250—252°/20 mm. 

Experiments were then made in order to find a satisfactory method 
for the preparation of a sulphonic acid from one of the three dl- 
compounds just mentioned, but the task proved to be unexpectedly 
dificult ; ultimately, from the sulphonation products of the silicol, the 
oxide, and the chloride, we obtained, in the form of its 7-menthylamine 
salt, a d/-sulphonic acid which proved to be a derivative of sulpho- 
benzylethylisobutylsilicyl oxide, 

80,H-C,H,°CH,*SiEt(C,H,)-O-SiEt(C,H,)-CH,-C,H,-SO,H. 
|-Menthylamine dl-sulphobenzylethylisobutylsilicyl oxide, 
[SiEt(C,H,)-CH,°C,H,°SO,H,C,,H,,N],0, 
erystallises with 4 molecules of water, melts at 240—245° and its 
specific rota‘ion in methyl-alcoholic solution is [a],—14°7°. It is very 
similar to the corresponding derivative of benzylethylpropylsilicyl 
oxide, and, like the latter, it is not resolved into its components by 
fractional crystallisation from aqueous alcohol or moist ethyl acetate. 
This compound was used merely as a means of isolating the pure dl- 
acid from the mixture of products obtained in the process of sul- 
phonation. The sodiwm salt prepared from it is crystalline and readily 
soluble in water ; the barviwm salt is practically insoluble in water and 
in aleohol, but dissolves readily in a mixture of these solvents. 
d-Bornylamine dl-sulphobenzylethylisobutylsilicyl oxide, 
[SiEt(C,H,)-CH,°C,H,°SO,H,C,,H,,N ],0, 
crystallises from aqueous alcohol in needles, and melts at 207—209°. 

Cinchonidine l-sulphobenzylethylisobutylsilicyl oxide  crystallises 
well, melts at 175—177°, and its specific rotation in methyl-alcoholic 
solution is [a], — 693°. 

Cinchonidine hydrogen sul phobenzylethylisobutylsilicyl oxide separates 
from anhydrous acetone containing a trace of methyl alcohol as a 
microcrystalline powder which melts and decomposes at 225—229°. 

The results of the experiments on the resolution of the dl-acid will 
be described in the next communication. 


EXPERIMENTAL. 
Preparation of Benzylethylsilicon Dichloride, Si(C,H,)EtCl,, 
The preparation of this compound has been described in a previous 
communication (Kipping, Trans., 1907, 91, 720); the method there 
given involved two operations, namely, the preparation of the Grignard 


compound and the subsequent addition of this to the silicon deriv- 
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ative, a process which had to be carried out very slowly. An attempt 
was therefore made to combine the two reactions in one Operation, 
the magnesium benzyl chloride being formed in the presence of exceg 
of the ethylsilicon trichloride. This method was found to giz 
satisfactory results, and was carried out as follows. 

Ethylsilicon trichloride (1 mol.), diluted with about six times iy 
volume of dry ether, and magnesium filings (1 mol.) are placed ing 
flask, which is fitted with a cork carrying a tap funnel, and also with 
a stirrer. A small quantity of benzyl chloride is run in, and th 
contents of the flask are agitated for a moment; if the reaction dos 
not start spontaneously, a small quantity of an ethereal solution of 
magnesium benzyl! chloride is added. When the reaction has once # 
in, as shown by the liquid becoming warm, the flask is immersed in ic 
and the contents are kept cool, and vigorously stirred, while the rest of 
the benzyl chloride (1 mol.) is added. The separation of magnesium 
chloride sets in almost from the outset, and the reaction seems to 
completed at the ordinary temperature. The product is worked ups 
described previously (see above), and the yield of pure benzylethy!. 
silicon dichloride is about 60—70 per cent. of the theoretical. by 
this modified method, only a very small quantity of dibenzy] is formel 
compared with the amount produced when the original process s 
employed; this is a great advantage, as the separation of this 
impurity from the desired silicon compound by fractional distillation 
is a rather troublesome operation. 


Benzylethylisobutylsilicyl Chloride, Si(C,H,)Et(C,H,)Cl. 


This compound was prepared by the interaction of benzylethyl- 
silicon dichloride and magnesium isobutyl] bromide : 
Si(C,H,)EtCl, + Mg(C,H,)Br = Si(C,H,)Et(C,H,)Cl + MgBrl. 
The ethereal solution of magnesium isobutyl bromide (1 mol.) is 
added to an ethereal solution of benzylethylsilicon dichloride (1 mol}, 
contained in a flask immersed in cold water and provided withs 
stirrer. No appreciable rise in temperature takes place, so thi 
the liquids may be mixed fairly quickly, and no magnesium salt 
is deposited for some time. In order to hasten the completion of 
the reaction, the mixture is heated under reflux for six hours 005 
water-bath. The ether is then evaporated, and the residue heated 
the water-bath for about eight hours longer. After these operations 
a bulky deposit of magnesium salt is obtained, and the oily product 
contained in it is extracted by means of ether in an apparatus from 
which moist air is excluded (Trans., 1907, 91, 216), The ether 
then evaporated, whereupon a further separation of magnesium salt 
usually occurs, which may involve a repetition of the above process® 
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fventually there results a brownish-yellow oil, which is distilled from 
an ordinary Wurtz flask under a pressure of 100 mm. Practically the 
whole of this liquid passes over below 230°, but during the distil- 
lation a further quantity of magnesium chlorobromide is deposited, and 
the residue cousists partly of this salt and partly of silicon compounds 
of high boiling point ; the quantity of the latter is relatively small. 
The distillate is then submitted to fractional distillation (at 100 mm.), 
using a flask with a long neck and employing a rod and disk column. 
Fractions are collected below 190°, from 190° to 210°, and from 210° 
to 225°; the largest is that collected between 190° and 210°. In order 
to obtain the pure chloride, these fractions are systematically redis- 
tilled, and the liquid boiling at 196—204° is first collected. This 
preparation is still impure, and generally contains about 15:3 per cent. 
of chlorine ; when it is fractionated again three or four times, it yields 
a colourless liquid, boiling at 198—202° (100 mm.), which gives 
sitisfactory results on analysis * ; 

02338 required 18°9 c.c. AgNO, solution (1 c.c. = 00177 Cl). Cl=148. 

C,,H,,CISi requires Cl= 14:7 per cent. 

The isolation of the pure chloride is exceedingly troublesome, owing 
to tte presence of unchanged benzylethylsilicon dichloride, and probably 
also to that of benzylethyldiisobutylsilicane. For the preparation of 
the silicol, a fraction boiling from 196° to 202°/100 mm. may be 
employed ; the yield of this fairly pure chloride amounts to about 
4) per cent. of the theoretical. 

Benzylethylisobutylsilicyl chloride is a colourless, fuming, mobile 
liquid, readily decomposed by water. 


Decomposition of Benzylethylisobutylslicyl Chloride by Water. 


As it seemed very probable that this chloride, like the corresponding 
benzylethylpropylsilicyl derivative, would be decomposed by water, 
giving the oxide as well as the silicol, and, further, that the silicol 
would be the more suitable for the preparation of a sulphonic deriv- 
ative, we tried to obtain as large a proportion as possible of the silicol 
by treating the chloride with an ice-cold solution of sodium carbonate 
(Trans., 1908, 93, 461). 

The crude product, an almost colourless oil, is submitted to fractional 
distillation under a pressure of 25 mm., using an ordinary distilling 
flask. A large fraction passes over at 150—180°, this being fairly 
pure benzylethy lisubutylsilicol ; the temperature then rises rapidly to 
40°, and another large fraction, which contains the corresponding 
oxide, passes over at 240—280°; the flask then usually contains a 


* The analysis was carried out in the manner previously described (Kipping, 
Traus., 1907, 94, 217). 
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small quantity of residue, which is doubtless benzylethylsilicone, as 
does not distil below 300°. The formation of this compound 
relatively small quantities is observed in all those experiments 
which samples of the chloride boiling at 196—202° are employed: it 
presence, however, is of little importance, as, owing to its high boiling 
point, it is easily separated from the silicol and from the oxide, Ty 
relative proportions of benzylethylisobutylsilicol and benzylethylix 
butylsilicyl oxide obtained under the above conditions are about 5 tof 
respectively. 


Benzylethylisobutylsilicol, Si(C,H,)Et(C,H,)-OH. 
This compound may be obtained in a pure state by fractionally 
distilling the crude product collected from 150—180° (see above) ; 3 
large proportion of this liquid is thus obtained, boiling at 162—16/ 
25 mm. : 
04028 gave 0105 SiO,. Si=12-2. 
0°2563 ,, 06569 CO, and 02317 H,O, C=69°9; H=100. 
C,,H,,OSi requires Si=12°4; C=70°1 ; H=9°9 per cent, 
Benzylethylisobuty/silicol is a colourless, oily liquid, having a speciie 
gravity less than that of water, in which it is practically insoluble; it 
has a faint, agreeable odour. On one occasion, it was observed that a 
sample of the silicol, after some days, had undergone decomposition, 
drops of water being formed in the liquid ; other samples, however 
did not show this behaviour, and seemed to be stable at the ordinary 
temperature, so that possibly the conversion of the silico! into the 
oxide is brought about by traces of impurity, such as hydrochloric acid. 


Benzylethylisobutylsilicyl Oxide, Si(C,H,)Et(C,H,)*O-Si(C,H,) Et(C,H). 
This liquid is obtained from the crude fraction collected between 


240° and 280° (see above) by distilling it from a short-nocked fast followi 
under a pressure of 20 mm. ; a very large portion then passes ov The 


at 250—252°: and ab 
0:3507 gave 0-099 SiO,. Si=13°3. acid is 
01832 ,, 0:4918 CO, and 0:1628 H,O. C=73:2; H=9%. taneous 
C,,H,,OSi, requires Si= 13-3; C=73:1; H=9°'S per cent. bath o 


Within 
dioxide 
poured 
with a 

Whe 


Sulphonation of Benzylethylisobutylsilicol with Sulphuric Acid. ‘menth 
precipi 


Benzylethylisobutylsilicyl oxide is a colourless, rather viscous ligui 
having a specific gravity greater than that of water; it has a fant 
aromatic odour, and is practically insoluble in water, but is miscible 
with alcohol, ether, and many other organic solvents. 


Knowing that benzylethylpropylsilicol is easily converted pe 
sulphonic acid (which is derived from benzylethylpropylsilicy! — 
and having all the details of the preparation and isolation of this ack 
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tour disposal, we did not expect to meet with any great difficulty in 


~ he preparation of a sulphonie derivative of the homologous silicol just 
nts ip jeseribed. It was soon found, however, that, although the isobutyl 
J. jg gpeompound was very easily sulphonated, or converted into products 
oiling hich were soluble in water, the reaction seemed to be a very complex 

Ts pone, and it was only after several unsuccessful attempts that we were 
vli: (able to isolate small quantities of the desired sulphonic acid in the 


5 toffgeform of its 7-menthylamine salt. Further investigation showed that 
the nature of the product depended largely on the temperature at 
which the reaction was carried out. 

When the silicol was well, shaken with twice its volume of con- 
centrated sulphuric acid and the mixture rapidly heated to 80°, a 


mally ‘ ; . 

e) MB vigorous effervescence took place, owing to tle formation of sulphur 
e); 4 . : , 
16,2 yp dioxide, and sulphonation was complete in less than two minutes. The 


product was immediately cooled, poured into water, and the clear solu- 
tion neutralised with ammonia. ‘The /-menthylamine salt, precipitated 
from this solution as an oil on adding excess of /-menthylamine hydro- 
chloride, showed no tendency to crystallise, and was very readily soluble 
_. in cold moist ethyl acetate. 
eciit HS ©6When the silicol was shaken with twice its volume of concentrated 
ah sulphuric acid at atmospheric temperature, it finally gave a homogeneous 
hat liquid, which, however, became turbid on standing. The /-menthyl- 
iho, HF swine salt obtained from this product was oily, and was practically 
veh I insoluble in cold ethyl acetate, a fact which showed that it was a very 
‘nM MH diferent substance from that obtained by sulphonating at 80°. 
, the When the silicol was treated with a mixture of sulphuric and acetic 
aci acids, the temperature being slowly raised to 100°, an odour recalling 
Ht) that of isobutyl acetate was observed, but sulphonation did not take 
"ER place, or was very incomplete. These and many other experiments 
weet MB failed to reveal a satisfactory method of sulphonation, but the 
fast MM following seemed to give the best results. 
ove = The silicol, in quantities of 5 grams at a time, is placed in a flask, 
and about one and a-half times its volume of concentrated sulphuric 
acid is added ; on shaking vigorously, the temperature rises spon- 
taneously to about 40°, and the mixture is then rapidly heated in a 
bath of fusible metal to about 60—65°. Sulphonation is complete 
juid, # Within less than two minutes, and only a slight evolution of sulphur 
faint dioxide is observed. The viscid, pale yellow product is immediately 
cible # Poured into a large volume of water, and the acid solution neutralised 
with ammonia, 


“SS 


When this solution of the ammonium salt is directly treated with 
‘menthylamine hydrochloride, a mixture of menthylamine salts is 

to 8M Precipitated as an oil, which may solidify immediately or only after 
ide), Me time ; from this precipitate, the pure menthylamine salt described 
acid JM low can then be isolated, but generally only alter a very protracted 
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series of fractional crystallisations, first from aqueous acetone apj 
then from moist ethyl acetate. We therefore found it advantageoys 
first to purify the ammonium salt of the sulphonic acid; for this 
purpose, the solution is evaporated, the ammonium sulphate remoyj 
by the process previously described (Trans., 1907, 91, 225), and th 
syrupy residue dissolved in a small quantity of methyl aleohd: 
ammonium sulphobenzylethylisobutylsilicyl oaide is then precipitate) 
as a buttery mass on the addition of ethyl acetate. Even after seven 
treatments of this kind, the salt remained in a pasty condition, and ip 
this respect it differed widely from the well-defined, crystalline 
ammonium salt of sulphobenzylethylpropylsilicyl oxide. 


1-Menthylamine Su!phobenzylethylisobutylsilicyl Oxide, 
SO0,H-C,H,°CH,-(C,H,) EtSi-O-SiEt(C,H,)*CH,*C,H,-SO,H, 2C, HN, 


On adding 2 small quantity of an aqueous solution of /-menthylamine 
hydrochloride to that of the purified ammonium salt, an oily precipitate 
is obtained at first ; this redissolves on stirring, but on continuing the 
addition of the menthylamine salt there is again produced an oily 
precipitate, which gradually becomes more pasty and finally granular, 
This product is collected, washed with water, and roughly dried. It 
is then recrystallised from hot moist ethyl acetate ; after one or two 
operations, it becomes much more sparingly soluble, and is finally 
obtained in a pure state in flat, lustrous plates. These crystals 
contain water of ‘crystallisation, which is expelled at 100° The 
anhydrous sa.t begins to soften at 240°, and finally melts at 245°; it 
is practically insoluble in anhydrous acetone and anhydrous ethyl 
acetate ; when, however, these liquids contain water, the salt dissolves 
readily. 

An estimation of water of crystallisation was carried out with 
sample of the air-dried salt : 

0:2237 lost 0:0176 H,O. H,O=7'8. 

C,,H,,0,N,S,Si,,4H,O requires H,O = 7:4 per cent. 

An analysis of the anhydrous salt gave the following result : 
01489 gave 0°3346 CO, and 0:1293 H,O. C=61:2; H=9°. 
C,,H,,0,N.8,Si, requires C=61°5 ; H =9°4 per cent. 

The equivalent of the salt was determined by boiling a weighed 
quantity of the anhydrous substance with a known volume of 1/5! 
sodium carbonate until all the menthylamine was expelled, and then 
titrating the excess of sodium carbonate by means of .V/50 sulphuric 
acid, using litmus as indicator. This method gave the value 449, the 
calculated equivalent of the salt of the above composition being 4" 
These results seem to show that the menthylamine salt is derived frou 
the sulphonic acid of the oxide, and not from that of the silicd. 
This conclusion is confirmed by the results of molecular weight 
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determinations, which were made by the ebullioscopic method, using 
anhydrous salt and pure methyl alcohol as solvent. 


Substance. Solvent. E. M.W. 
0°817 gram 15°9 grams 0°10 431 
1°51 si 7°4 ” 0°385 445 


The molecular weight of the menthylamine salt of a sulphonic acid 
derived from the silicol would be 457, and that of the salt of a sulphonic 
derivative of the oxide would be 896 ; the above values therefore are 
such as might be expected in the case of the derivative of the oxide, 
as the salt is doubtless highly ionised in methyl-alcoholic solution. 
More conclusive results were obtained by using the sodium salt (see 
below). 

The specific rotation of the anhydrous menthylamine salt was 
determined in methyl-alcoholic solution : 

0-447, made up to 20 c.c., gave a—0°65 in a 2-dem. tube; whence 

[a], — 147°. 

Sodium Sulphobenzylethylisobutylsilicy] Oxide.—The pure J-menthyl- 
amine salt is decomposed with a slight excess of sodium carbonate, and 
the base expelled by distilling in a current of steam, a little ethyl 
alcohol being added to the contents of the flask in order to prevent 
frothing. The residual liquid is then neutralised with acetic acid, 
evaporated to a small bulk, and anhydrous methyl alcohol added. 
This causes the precipitation of the sodium salt in colourless crystals, 
which are then drained and allowed to dry in the air. Molecular 
weight determinations were made with a sample of the salt dried at 
100°, the eryoscopic method being employed with water as the solvent ; 
the following results were employed : 


Substance. Solvent. E. M.W. 
0°353 gram 17°3 grams 0°085 446 
a iy a 0°125 495 


As the calculated molecular weight of the sodium salt of the 
sulphonic acid derived from the silicol is 324, and of that derived 
from the oxide 630, the above results fully confirm the conclusion 
that the sulphonic acid is derived from the oxide. 

The ammonium salt of sulphobenzylethylisobutylsilicyl oxide, which 
has been referred to (p. 2010), is soluble in water and alcohol, but 
could not be obtained in a crystalline form. 

The barium salt is obtained as a flocculent precipitate on the addition 
of barium chloride to an aqueous solution of the ammonium salt. It 
is insoluble in water or alcohol, but dissolves readily in a mixture 
of the two, and crystallises from the hot solution in glistening needles. 


Sulphonation of Benzylethylisobutylsilicyl Oxide. 


When benzylethylisobutylsilicyl oxide is mixed with about one and 
a-half times its volume of concentrated sulphuric acid, the temperature 
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rises spontaneously to about 30°, and on warming slight darken; 
takes place and a little sulphur dioxide is evolved ; when the temperatuy 
reaches 70°, sulphonation is complete, and the liquid is then poured 
into water, whereupon a clear solution is obtained if sufficient water is 
used, The acid solution is neutralised with ammonia and the 
l-menthylamine salt is then precipitated directly, since fraction,| 
precipitation of the ammonium salt from its soluiion in methy| 
alcohol does not seem to be of any use. The menthylamine sj 
obtained in this way is pasty and does not become hard even 
standing. After having been washed with water, it is dissolved jy 
aqueous acetone, from which, after some time, an oil is deposited and 
then crystals begin to form ; on decanting the mother liquors at this 
stage, they subsequently deposit a crystalline product, which js 
collected and repeatedly crystallised from moist ethyl acetate. After 
many operations, a small quantity of pure /-menthylamine sulpho. 
benzylethylisobutylsilicyl oxide is thus obtained. The identity of this 
salt with that prepared by sulphonating the silicol is established by 
its melting point and by the fact that a mixture of the two salts melts 
at the same temperature as its components. 

This methed of preparing the menthylamine salt is of little practical 
value on account of the very small yield ; however, it is of thecretical 
interest in that it confirms the conclusion that the menthylamine salt 
is derived from the oxide and not from the silicol. 

The oxide was also sulphonated with chlorosulphonic acid in 
chloroform solution, but the results were similar to those obtained 
with sulphuric acid, that is to say, only a small proportion of the 
desired sulphonic acid seemed to be present in the product, and its 
isolation in the form of its /-menthylamine salt was an exceedingly 
troublesome task. 


Sulphonation of Benzylethylisobutylsilicyl Chloride with Chlorosulphonie 
Acid. 


As the sulphonation of benzylethylisobutylsilicol and of the corre- 
sponding oxide gave such disappointing results, it seemed possible that 
the sulphonation of benzylethylisobutylsilicyl chloride and the sub 
sequent decomposition of the product with water might prove to be a 
better method for the preparation of sulphobenzylethylisobutylsilicy! 
oxide. Experiments showed that the chloride could be easily sulphonated 
with the aid of chlorosulphonic acid, and that the product was a mixture 
having much the same character as those obtained from the silicol and 
from the oxide ; as, however, the direct treatment of the chloride wat 
the most economical method as regards both time and material, most 
of the sulphobenzylethylisobutylsilicyl oxide required for tis 
jnvestigatiou was prepared and isolated in the following manner. 
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Benzylethylisobutylsilicyl chloride is dissolved in about five times 
its volume of dry chloroform, the solution is cooled in ice, and the 
theoretical quantity of chlorosulphonice acid, also dissolved in dry 
chloroform, is then run in drop by drop from a tap funnel. When all 
the acid has been added, the product is poured on to ice, and the 
chloroform is removed by means of a current of steam; the residual 
liquid, whieh is sometimes milky, owing to the presence of oil, is 
neutralised with ammonia and allowed to stand until the oily impurity 
has settled. The clear liquid is then decanted, the /-menthylamine 
salt precipitated directly, and separated by filtration. 

The salt thus obtained is generally solid, but somewhat pasty, and 
its properties seemed to vary very considerably even when portions of 
the same sample of chloride were sulphonated under as nearly as 
possible the same conditions. The crude salt is very readily soluble in 
cold moist ethyl acetate ; when, however, it is warmed for some hours 
with concentrated hydrochloric acid (p. 2014), and the acid then com- 
pletely removed by evaporating to dryness, the salt becomes quite hard 
and much more sparingly soluble in ethyl acetate. It is best purified 
by first crystallising it from aqueous acetone, as in this way a sparingly 
soluble oily by-product is first deposited ; the mother liquors then give 
a wenthylamine salt in colourless, somewhat flocculent masses, which 
are collected, washed with water, and drained. This salt is now 
crystallised from moist ethyl acetate ; at first the crystals are deposited 
inan opaque form, owing to the presence of some impurity, but after 
many recrystallisations they become transparent and the pure salt ulti- 
nately obtained is identical with that prepared from the silicol. Although 
this method of preparation gives a rather poor yield of pure salt, it 
seems, on the whole, to be the best of those which were investigated. 

Simple as the sulphonation processes described above may at first 
sight appear, there is no doubt that in all eases the product is a 
mixture of a number of sulphonic acids; this is by no means sur- 
prising in view of the possibility of the formation of structural and 
also of optical isomerides. Even assuming that the silicol and the 
chloride are completely converted into the oxide previous to, during, 
or after sulphonation, and that the derivatives of the oxide do not 
undergo hydrolysis to derivatives of the silicol, there is still the 
possibility that the oxide may give rise to a mixture of ortho- and 
para-compounds, and each of these structural isomerides may be 
present in optically isomeric forms corresponding stereochemically 
with racemic and mesotartaric acids. In view of these considerations, 
objection might, of course, be taken to the employment of an optically 
active base (/-menthylamine) for the isolation of the d/-sulphonic acid, 
since its use migut increase the number of the components of the 
mixture ; we can only state, however, that we were unable to discover 
any better method. 
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The assumption just made for the sake of simplicity, that the silicg| 
and the chloride are entirely converted into the oxide previous t 
during, or after sulphonation, cannot be supported by direct evidence, 
as up to the present very few experiments have been carried out ip 
order to establish the conditions under which the silicols pass jnty 
oxides and vice versa (compare Kipping, Trans., 1908, 93, 461), |; 
seemed not impossible, therefore, that the presence of a sulphonic 
derivative of the silicol might be one reason why the isolation of th 
sulphonic derivative of the oxide proved to be so troublesome, [f 
this were the case, and the former could be converted into the latter, 
the nature of the product would be simplified. Guided by thex 
considerations, we tried the effect of heating the crude -menthylamine 
salt (prepared directly from the product of the sulphonation of the 
chloride) with concentrated hydrochloric acid, and the results were 
certainly satisfactory; after this treatment, as already stated, the 
menthylamine salt, which originally was very pasty and separated 
from aqueous acetone as an oil, crystallised from this solvent at the 
ordinary temperature. 

By-product formed during Sulphonation.—Gne reason why the 
sulphonation of benzylethylisobutylsilicyl chloride does not give very 
good results is because some of the compound is decomposed at some 
stage in the process, with separation of the isobutyl group; this 
statement is based on the following evidence. 

The aqueous filtrate from the original precipitate of crude /-menthyl- 
amine salt (p. 2013) gives, after having been concentrated, a crystalline 
compound soluble in hot water, which, after repeated recrystallisation, 
is obtained in lustrous needles, melting at 187°. This substance isa 
menthylamine salt of a sulphonic acid ; at first we thought it might 
be the salt of p-toluenesulphonic acid, and that it had been formed 
from the sulphobenzylethylzsobutylsilicyl oxide, just as this acid is 
known to be produced from sulphobenzylethylpropylsilicy] oxide when 
the latter is hydrolysed with concentrated alkalis (Trans., 1908, 93, 
472). As, however, the melting point of the compound did not 
change on recrystallisation, and the menthylamine salt of the para-acid 
melts at 202°, it seemed probable that the by-product was a derivative 
of o-toluenesulphonic acid. 

The equivalent of the salt, determined by titration, was found to be 
310, and an analysis gave the following result : 


01677 gave 0°3387 CO, and 01509 H,O. C=55-0 ; H = 10°0 per cent. 
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These values agree with those calculated for the menthylamine salt 
of an isobutylsulphuric acid, C,H,*SO,H,C,,H,,N, which requires equ 
valent = 309 and C = 54:4, H = 10-0 per cent. ; as, however, the compound 
did not yield sodium sulphate when it was boiled with sodium hydroxide, 
it could scarcely be an alkylsulphuric acid, and is therefore probably 
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a salt of a sulphonic acid of the constitution CMe,(OH)-CH,°SO,H or 
(Me,(SO,H)*CH,°OH. Further experiments confirmed this view ; 
when the sodium salt, prepared from the menthylamine salt, was 
strongly heated with soda-lime, it yielded an inflammable liquid 
having an odour recalling that of a higher fatty alcohol, and this, 
on oxidation with chromic acid, gave a product having the odour of 
isobutyric acid, 

These facts seem to prove that this by-product is one of the 
sulphonic derivatives of isobutyl alcohol, and therefore that the 
isobutyl group is separated from the silicon atom in the sulphonation 
process described above. Although it has been shown that a phenyl 
group combined with silicon is often easily eliminated in the form of 
benzene (Trans., 1907, 91, 223), this is the first case in which such 
a separation of an alkyl radicle has been observed. We have not 
made any further experiments to settle the constitution of this 
by-product or to ascertain exactly how it is produced ; it was only 
examined in the hope that a knowledge of its nature would enable us 
so to modify the conditions of sulphonation as to obtain a better 
yield in the preparation of sulphobenzylethylisobutylsilicyl oxide. 


d-Bornylamine dl-Sulphobenzylethylisobutylsilicyl Oaide, 
[SiEt(C,H,)-CH,°C,H,°SO,H,C,,H,,N ],0. 

On treating the pure sodium salt of sulphobenzylethylzsobutylsilicyl 
oxide with d-bornylamine hydrochloride, the same phenomena are 
observed as in the preparation of the menthylamine salt, but the oily 
product solidifies only slowly. It is washed with water and crystal- 
lised from cold aqueous methy] alcohol, from which it is deposited in 
silky needles melting at 207—209°. It is sparingly soluble in 
anhydrous acetone or ethyl acetate, but dissolves freely in the presence 
of water ; on heating its aqueous solution, hydrolysis occurs, the base 
being liberated. 


Cinchonidine d]-Sulphobenzylethylisobutylsilicyl Oxide. 


When a solution of cinchonidine hydrochloride is gradually added 
to an aqueous solution of the sodium salt, the oil which is first 
precipitated redissolves on stirring, but ultimately a sticky, silky mass 
is deposited. This salt is washed with water, dried, and crystallised 
from hot acetone containing a little methyl alcohol ; it is thus obtained 
in small crystals, Its specific rotation was determined in methyl- 
alcoholic solution, using a sample of salt dried at 100°: 

03767, made up to 20 e.c., gave a — 2°61° in a 2-dem. tube ; whence 

[a],, —69°3°. 

The salt is practically insoluble in water and in anhydrous acetone, 

but it dissolves freely in methyl alcohol or aqueous acetone, being 


beat 
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deposited again as an oil on dilution with water or on evaporation, 
When heated fairly quickly, it softens at 175° and melts completely 
at 177°, darkening slightly. 


Cinchonidine Hydrogen dl-Sulphobenzylethylisobutylsilicyl Oxide, 


This salt is obtained by treating the normal salt with hydrochloric 
acid in methyl-alcoholic solution, and then evaporating the alcohol and 
washing the viscous residue with water ; it separates from hot acetone 
containing a little methyl alcohol in the form of a microcrystalling 
powder, which deliquesces in moist air when not free from the solvent. 
It melts at 225—229°, and is nearly insoluble in anhydrous acetone 
or ethyl acetate, but dissolves much more freely if moisture be 
present. 


Dr. R. E. Rose took part in the earlier stages of this investigation, 
and before he left to take up another appointment preliminary 
experiments had been made on the sulphonation of benzylethyliso- 
butylsilicol and of the corresponding oxide; our cordial thanks are 
due to him for this assistance. 


We also desire to express our indebtedness to the Government 
Grant Committee of the Royal Society for a grant in aid of this 
research. 


UNIVERSITY COLLEGE, 
NorrinGHAM, 


CCI.—The Coumarin Condensation. 
By Artuur CLayYTON. 


In 1883 and 1884 von Pechmann (Ber., 1883, 16, 2119; Ber, 
1884, 17, 929, 1646) and others found that phenols condense 
with ethyl acetoacetate and malic acid in the presence of conceu- 
trated sulphuric acid to form members of the coumarin series. 
Different phenols were found to condense with varying degrees of 
readiness ; thus phenol, o- and p-cresols, quinol, and thymol gave 
extremely poor yields (phenol furnished not more than 3 per cent. 
of the theoretical quantity), but resorcinol, orcinol, and pyrogallol 
condensed very readily. Later, Pechmann (Ber., 1899, 32, 3681) 
showed that dimethyl-m-aminophenol ‘condensed readily with ethyl 
acetoacetate, whilst the corresponding ortho- and para-compounds 
yielded only traces of coumarins. Still more recently Fries and 
Klostermann (Ber., 1906, 39, 871) condensed m-cresol with malic acid 
and ethyl acetoacetate, and showed that a plentiful yield was obtained 
in each case. 
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From the above, it is readily seen that meta-substituted phenols 
condense readily with ethyl acetoacetate and malic acid, and 
that, on the other hand, the corresponding ortho- and para-compounds 
are comparatively inert in this respect. 

The influence of the nature of the substituent was indicated by the 
experiments of Pechmann (Ber., 1899, 32, 3681), in which he showed 
that the negative groups NU, and CO,H prevented condensation. 

The experiments described in the present communication were 
undertaken with the view of obtaining further knowledge of the 
influence of the position and nature of the substituent group or 
atom. 

In order to examine the influence of substituent groups which are 
known to favour this condensation, 1:2: 4-xylenol, 1:3 :4-xylenol, 
1:3: 5-xylenol, and 1: 4 :5-xylenol were treated with a molecular pro- 
portion of ethyl acetoacetate or malic acid in the presence of concen- 
trated sulphuric acid. 1:2:4-Xylenol was found to yield about 50 
per cent., 1: 3: 4-xylenol 50 per cent., and 1 : 3 :5-xylenol 40 per cent 
of the theoretical quantity of the corresponding coumarin, whilst 
1:4:5-xylenol only condensed with extreme difficulty, not more than 
1 per cent. of the theoretical yield being obtained. 

The substituents which appear to exert this peculiar influence are 
the hydroxyl, dimethylamino-, and alky] groups. 

These results, taken in conjunction with those obtained by von 
Pechmann and his collaborators, show that the condensation of phenols 
with ethyl acetoacetate or malic acid is facilitated by the presence of 
one of the foregoing groups (hydroxyl, dimethylamino-, and alkyl) in 
position 5 (formula I), position 2 being occupied by the carbon 


atom taking part in the condensation. It is also seen that, 
Xx 
OH x’ \ou Pa \OH 
4H 2 { J xX ’ 
. \/ a 


(I.) (II.) (1II.) 
although the presence of the group in the position 4 or 6 does not 
render phenol more reactive, the introduction of methyl or hydroxyl 
in both of these positions has the same effect as that produced by sub- 
stituting the hydrogen atom in position 5. 

It would appear that there is some important connexion between the 
carbon atom taking part in the condensation and that in the para- 
position to this atom, for only if position 5 is masked, either by direct 
substitution (formula IL) or by a substituent on each side (formula 
III), does condensation wi:h ethyl acetoacetate readily take place. 

In order to study the influence exerted by other groups, the nitro- 
phenols, chlorophenols, cyanophenols, and the esters of the three 
hydroxybenzoic acid were examined. 
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The results obtained with the three nitrophenols confirmed those of 
von Pechmann (Ber., 1899, 32, 3681), no condensation products being 
obtained. 

m- and p-Chlorophenols were found to yield respectively 3 and 6 per 
cent. of the theoretical quantity of a chlorocoumarin. A _ coumarin 
derivative was not isolated in the case of o-chlorophenol. 

The esters of the three hydroxybenzoic acids were examined in order 
to ascertain whether the disappearance of the acidity of the group 
would alter the inhibiting effect noticed by von Pechmann (Ber., 1899, 
32, 3681), but since the formation of coumarins does not take place, 
it would appear that the acidic nature of the group is not the essential 
condition which prevents condensation. 

The cyanophenols were found to be converted into the corresponding 
amides of the hydroxybenzoic acids under the conditions of the experi- 
ments. In the case of o-cyanophenol, this conversion took place with 
great ease, about 90 per cent. of the theoretical quantity of 
salicylamide being obtained. 

y-Cumenol was also condensed with ethyl acetoacetate and malic 
acid, but owing to the difficulty of isolating the products, the yields 
obtained could not be taken as significant. From the results obtained 
with 1:3 :5-xylenol and y-cumenol, a substituent in position 3 appears 
to inhibit condensation to some extent. 


General Conclusions. 


I. Phenols of the types shown in formule I and II (where X is 
an alkyl, hydroxyl, or dialkylamino-group) condense readily with 
malic acid and ethyl acetoacetate to form derivatives of coumarin. 

If. Chlorine as a substituent has an effect similar to that of the 
above groups, but its influence is very much less marked. 

III. The introduction of such substituents as NO,, CO,H, and 
CO.,Et prevents condensation. 


EXPERIMENTAL, 
Coumarins derived from 1:2 :4-Xylenol. 


(i) 6:7-Dimethylcoumarin was obtained by heating a mixture of 
2-5 grams of 1:2; 4-xylenol and 2°7 grams of malic acid with 6 c.c. of 
concentrated sulphuric acid until the evolution of carbon monoxide 
ceased. When cold, the liquid was poured on to crushed ice, aud 
yielded a solid product, which, when crystallised from alcohol, formed 
white needles, melting at 148—149° : 

01309 gave 0°3638 CO, and 0:0676 H,O. C=75:80; H=574. 

C,,H,,0, requires C= 75°86 ; H=5°75 per cent. 
(ii) 4: 6:7-Zrimethylcoumarin was prepared by mixing 2 grams of 
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1:2:4-xylenol with an equal weight of ethyl acetoacetate, and adding 
{ ¢.c. of concentrated sulphuric acid. After twenty hours, the liquid 
was poured on to ice, and yielded a solid which erystallised from 
6 per alcohol in white needles melting at 169—170°, the yield being 1°8 


varia grams of the pure product : 

0:1815 gave 05064 CO, and 0°1048 H,O. C=76:08; H=6-41. 
rrder C,,H,,0, requires C= 76-60 ; H=6°38 per oun. 
tien (iii) 3: 4:6: 7-Zetramethylcoumarin. "This compound was obtained 
80, by mixing 2°5 grams of 1 : 2: 4-xylenol with 2:7 grams of ethyl methyl- 
om, acetoacetate and treating the mixture with cold concentrated sulphuric 
ae acid. 2°4 Grams of the crude product were obtained, which, on erystal- 


, lisation from alcohol, yielded 1°9 grams of white needles melting at 
ling BP 134—135° 
0 01661 gave 0°4679 CO, and 0:1041 H,O. C=76-83; H=6-97. 


vith : 

." C,,H,,0, requires C= 77°23 ; H=6-93 per cent. 

alie Coumarins derived from 1:3:4-Xylenol. 

elds 6:8-Dimethylcoumarin, the condensation product of 1 : 3 :4-xylenol 
ned and malic acid, was prepared in the usual manner. These substances 
ars were heated with concentrated sulphuric acid, and the cold mixture 


poured on to crushed ice, when a black tar was deposited, which, after 
) stirring for some time, became solid. ‘This was extracted with 
petroleum, and the solution yielded well-defined, white needles, melting 
at 95°, About 30 per cent. of the theoretical yield was obtained, but 
the difficulty of isolating the product probably caused a considerable 


th ; 
loss of material : 

he 0'1692 gave 04689 CO, and 0:0888 H,0O. ie 75°56; H=5°84. 

C,,H,,0, requires C = 75°86 ; H=5°75 per cent. 

nd 4:6:8-7'rimethylcoumarin was obtained by condensing equal weights 
of ethyl acetoacetate and 1:3:4-xylenol in the presence of cold 
concentrated sulphuric acid. The solution was allowed to remain for 
two days, and was then poured on to crushed ice. The resulting solid 
crystallised from alcohol in white needles, melting at 116—117°. The 
yield was about 50 per cent. of the theoretical amount : 

of 01808 gave 0°5070 CO, and 0:1079 H,O. C=7647; H=6°63. 

if C,,H,,0, requires C= 76°60 ; H=6°38 per cent. 

e 3:4:6: 8-7etramethylcoumarin.—This compound resulted from the 

condensation of 1:3:4-xylenol and ethyl methylacetoacetate in 


molecular proportion. The product was obtained without difficulty, 
and crystallised from alcohol in white needles melting at 110—111°. 
The yield was about 25 per cent. of the theoretical amount : 

; 01332 gave 0-3754 CO, and 0: ne H,O. C=76°85 ; H=6°94. 

| C,,H,,0., requires C = 77:23 ; H=6'93 per rs 


7 
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Coumarins derived from 1:3 :5-NXylenol. 


4:5: 7-Trimethylcoumarin.—1 :3:5-Xylenol and ethyl acetoacetate 
were condensed together in the usual manner. The crude product 
erystallised from alcohol in brilliant flakes, having a pearly lustre and 
melting at 175—176°. From 35 to 40 per cent. of the theoretical 
quantity was obtained : 

00964 gave 0-2690 CO, and 0°0562 H,O. C=76:10; H=6-48, 

C,,H,,0, requires C= 76°60 ; H = 6°38 per cent. 
3:4:5:7-Tetramethylcoumarin was prepared from ethyl methyl- 
acetoacetate and 1 :3:5-xylenol in the presence of cold concentrated 
sulphuric acid. A pink product was obtained, but on repeated 
crystallisation from alcohol this colour grew fainter, and _ finally 
disappeared. One gram of 1:3:5-xylenol yielded 0°15 gram of 
crystals melting at 154°: 
0°0667 gave 0°1880 CO, and 0:0427 H,O. C=76°92; H=7'11. 
C,,H,,0, requires C=77°23 ; H = 6°93 per cent. 


Coumarin derived from 1:4 :5-Xylenol. 


5 : 8-Dimethylcoumarin,—Twelve grams of 1:4:5-xylenol and 13 
grams of malic acid were ground together and treated with 30 c.c. of 
concentrated sulphuric acid, the mixture being heated until the 
evolution of carbon monoxide ceased. After twenty hours, the liquid 
was poured on to crushed ice. The tar which separated did not solidify 
for several days, but, on dissolving it in a 15 per cent. solution of 
sodium hydroxide and subsequently acidifying with hydrochloric acid, 
a light brown powder was obtained. This was very impure, and was 
therefore extracted with petroleum, the extract yielding about 0:2 
gram of fine, white needles, melting at 122—123°: 

0.0542 gave 0°1504 CO, and 0:0296 H,O. C=75°59; H=6:05. 

C,,H,,0, requires C= 75°86 ; H=5°75 per cent. 


Coumarins derived from W-Cumenol. 


5:6: 8-Z'rimethylcoumarin.—Three grams of y-cumenol and 3 grams 
of malic acid were heated with 8 ¢.c. of concentrated sulphuric acid 
in the usual manner. After crystallising the product from alcohol, 
about 40 per cent. of the theoretical yield of crystals was obtained. 
When pure, the crystals melted at 114—115°: 

0°1890 gave 0:5302 CO, and 0:1087 H,O. C=7650; H=6'9. 

C,,H,,0, requires C = 76°60 ; H = 6-38 per cent. 
4:5:6:8-Zetramethylcoumarin was obtained by the condensation 
of y-cumenol and ethyl acetoacetate, but there appeared to be a side 
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reaction taking place, the mixture frothing continually. After 
twenty hours, the solution was poured on to crushed ice, and yielded 
a quantity of an oily product, which set into an almost solid mass 
after forty-eight hours. The substance so obtained was extracted 
with benzene, and crystallised from the same medium. Subsequent 
crystallisation from alcohol yielded pure white needles, melting at 
114—115°. About 12 per cent. of the theoretical yield was 
obtained : 

00775 gave 0°2200 CO, and 0:0485 H,O. C=77°42; H=6°82. 

C,,H,,0, requires C = 77°23 ; H =6-93 per cent. 

3:4:5:6:8-Pentamethylcoumarin.—This coumarin resulted from 
the condensation of equal weights of ethyl methylacetoacetate and 
y-cumenol. The solution of these two substances in concentrated 
sulphuric acid was allowed to remain for twenty hours, and was 
then poured on to crushed ice. The oil which separated could not 
be made to solidify after two weeks, but by cooling it to —15° it 
was obtained sufficiently viscous for removal from the aqueous 
liquid. The product resisted all attempts at crystallisation, but it 
was found that by rubbing it with a few drops of ether, a white. 
aud perfectly solid substance was obtained. This was immediately 
drained on a porous tile, and then crystallised from petroleum. 
The white needles obtained in this manner melted at 127° 
The yield was very small, owing to loss during the isolation of the 
compound : 

01036 gave 0°4387 CO, and 0:1036 H,O. C=77°37; H=7°44. 

C,,H,,0, requires C=77'78; H=7-41 per cent. , 


Coumarins derived Srom rif ‘hlorophenol. 


7-Chlorocoumarin was obtained by treating a mixture of 5 grams 
of mchlorophenol and 5 grams of malic acid with 13 ce. of 
concentrated sulphuric acid. The liquid was heated until the 
evolution of carbon monoxide ceased, and was then allowed to cool. 
After two hours, the acid solution was poured on to crushed ice in 
order to precipitate the chlorocoumarin. The semi-solid product 
was extracted three times with petroleum, and, on evaporating the 
latter, white needles (0°3 gram) were obtained, which, after further 
crystallisation from alcohol, melted at 129° : 

00607 gave 0-0481 AgCl. Cil=19°60. 

00856. ,, 0°1873 CO, and 0:0208 H,O. C=59°67; H=2-57. 

C,H,O0,Cl requires Ci = 19°67 ; C=59°83 ; H=2-77 per cent. 

i-Chloro-4-methylcoumarin was obtained by condensing 5 grams of 
mchlorophenol with 5 grams of ethy! acetoacetate in the presence of 
l2 cc. of cold concentrated sulphuric acid. After twenty hours, the 

VOL. XCIII. 6S 


2022 CLAYTON: THE COUMARIN CONDENSATION. 


liquid was poured into ice-water, and the solid product separated by 
filtration. Crystallisation from alcohol yielded 0°45 gram of white 
needles, or about 6 per cent. of the theoretical amount. The substance 
melted at 144°: 
00956 gave 0°0747 AgCl. Cl=18-38. 
071073 ,, 02427 CO, and 0:0365 H,O. C=61°69 ; H=3:78. 
C,)H-,0,Cl requires Cl = 18°25 ; C=61-70 ; H=3°60 per cent. 


Coumarins derived from p-Chlorophenol. 


6-Chlorocoumarin resulted from the condensation of 13 grams of 
p-chlorophenol and 14 grams of malic acid in the presence of 30 c.c. of 
concentrated sulphuric acid, the solution being heated as usual. After 
cooling the liquid and pouring it into ice-water, a black tar was 
deposited. This product, on extraction with petroleum, furnished a 
white solid, which crystallised from alcohol in tiny, white needles, 
melting at 161—162°. The yield was about 2°5 per cent. of the 
theoretical amount. 

The substance has a well-marked odour of coumarin, and is possibly 
identical with the ‘‘ 6-chlorocoumarin ” obtained by Basecke (Annalen, 
1870, 154, 84), the melting point of this substance being given as 
162° : 

00686 gave 0°0547 AgCl. Cl=19°81. 

071048 ,, 0°2316 CO, and 0:°0285 H,O. C=60°26; H=3-02. 

C,H,0,Cl requires Cl= 19°67 ; C=59°83 ; H=2°77 per cent. 

6-Chloro-4-methylcoumarin.—This substance was prepared by mixing 
5 grams of ethy! acetoacetate, 5 grams of p-chlorophenol, and 12 c.c. of 
cold concentrated sulphuric acid, the mixture being allowed to remain 
for twenty hours. After that period, the liquid was poured into ice- 
water. The white solid which separated was crystallised from alcohol, 
from which it separated in white needles, melting at 184—185°. The 
yield was about 2°7 per cent. of the theoretical quantity : 

0°1406 gave 0°1032 AgCl. Cl=18°16. 

01779 ,, 0:4016 CO, and 0:0568 H,O. C=61:60; H=3:55. 

C,,H,O,Cl requires Cl= 18°25. C=61:70 ; H=3-°60 per cent. 

Experiments with o-chlorophenol did not result in the isolation of 
any coumarin, the oils and tars which resulted proving to be uncrys- 
tallisable. The odour of these products, however, showed that con- 
densation had taken place to some slight extent. 
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(ClL—Studies ow the Viscosity and Conductivity of 
Some Aqueous Solutions. Part I. Solutions of 
Sucrose, Hydrogen Chloride, and Lithium Chloride. 


By W. Heper Green, D.Sc. 


Ir has been suggested by various writers that there is some condition, 
at present undetermined, which complicates conductivity results 
obtained in very dilute solutions. On the other hand, few accurate 
measurements have been made with concentrated solutions, although 
these should be of great value in deciding the relation connecting the 
conductivity, viscosity, density, and concentration of solutions, 

Part I (this paper) is a contribution in the latter direction, and 
describes measurements of the viscosity of sucrose solutions and 
of the viscosity and conductivity of hydrogen chloride and lithium 
chloride solutions over ranges of concentrations limited only by the 
soiubilities of each substance. 

Part IT (following paper) is a contribution towards the elucidation of 
the connexion between ionic mobility and physical fluidity in electro- 
lytie solutions. 


Viscosity of Aqueous Solutions of Sucrose (at 18° and 25°). 


The sucrose used was a good sample of “brewer's crystals,”’ 
specially ubtained from the Australian Refining Company’s works 
by the courtesy of their chemist, Mr. Miller, to whom I am also 
indebted for the following analysis : 


ee ee era eee 99°96 
PO ive icis ste dn cietsinsis sein knee trace 
Other organic matter............... 0-01 
ie caches cp sconde ax 001 
St hrtrcn ssi ake sdscnvysedarens 0-02 

100-00 


The crystals were slightly deliquescent, possibly due to the 
presence of potassium carbonate as an impurity on the surface of the 
ystals, and which it has since been discovered can be removed by 
washing with absolute alcohol. 

The concentration of each solution was determined from the 
lensity, checked, in a few cases, by direct weighing of the sucrose 
and water employed. 

The densities were determined by the use of a pear-shaped 25 c.c. 
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specitic gravity bottle,* the stopper of which had been carefully 
re-ground with flour emery. 

A series of determinations of the density of water showed that the 
maximum error liable to occur was 0°00002, and that the two sources 
of error to be guarded against were the presence of small air bubbles 
and variations in the buoyancy of the atmosphere, in which respects 
the other forms of pyknometer are in no way superior. 

The observations of Balling and Brix, Gerlach, Kohlrausch and, 
Hallwack (Wied. Ann., 1894, 53, 30), and Wade (Trans., 1899, 95, 
270) on the density of sucrose solutions at or about 18° were carefully 
compared by plotting the functions aa and JV against one another. 


S denotes the specific gravity of the solution relative to water at the 
same temperature, and NV its concentration expressed in gram-molecules 
per litre. A curve was then drawn through the most concordant 
determinations, and from this the smoothed values used throughout 
were calculated, and have since been found to be very concordant with 
the revised table given in Landolt and Bornstein’s Physikalisch- 
chemische Tabellen, 1905, p. 364. 

As no trustworthy data for 25° were then available, several solutions 
were made up, and their densities carefully observed. These results 
were similarly plotted, calculated, and used in this paper. 

The density of the solid sucrose was determined by displacement of 
dry petroleum (‘‘ kerosene ”’), with the results: D? 1°5871, Dz 1591i, 
N= 4°639, 6=215°6. Previous determinations are : Schraeder, 1'588 
(at 4°); Maumene, 1°5951 (at 15°); Gerlach, Di73 158046. My 
value is somewhat higher than that obtained by Gerlach. 

Several interesting features were noted whilst working with these 
solutions. 

The apparent molecular volume of sucrose (#) may be calculated 
from the formula ¢= . 


€ 
: = 342°5 at 17°5°; and at about this temperature, @ may be taken 
as varying from 210°0 for solutions of extreme dilutions to 220° for 
a 100 per cent. solution (= 4°55 1). 

I find that the formula ¢=210-:00+1:75 V+0:1 NV? affords the 
simplest method of expressing the densities of sucrose solutions, with 
an error of not more than one unit in the fourth decimal figure. 

It may be noted that for a 65 per cent. solution at 25° (practically 
a saturated solution), @ is the same as fer the solid crystal, namely, 
215°6. Although a 65 per cent. solution is a saturated one at the 


— 1000 ° z 1 where d,, = density of water, and 


w 


— P , ar. ient 
* A groundless prejudice seems to exist against the use of this very convenien 

. . . ‘or some 
and really highly-accurate instrument. See Chem. News, 1998, 98, 49, for som 


notes on the determination of specific gravity and the regulation of thermostat. 
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ordinary temperature, yet, owing to the extreme viscosity of strong 
yrups, supersaturated solutions may be readily worked with, and, 
the even if crystallisation be accidentally started, days and weeks may 
dapse before the excess of sucrose has all been precipitated, unless 


ully 


il wnsiderable agitation takes place. Consequently, the specific gravity 
ects of solutions containing up to 99 per cent. : 
of sucrose has been determined (see Watt’s Fee. 5. 
and, i Dictionary), from which we can obtain, with Upper level [| ; 
95, very little extrapolation, the density of a 100 oma 
ully per cent. sucrose solution. This is not identical 2 
with the density of ordinary crystalline sucrose. 
ue [can find, however, no original record of any 
the observations on solutions containing more than 10 


ules 75 per cent. 

dant Determination of Viscosity.—The apparatus 

hout M wed was a modification of the Poiseuille- 

with Ostwald form of tube, and was designed to 

isch @ admit of convenient changing of the liquid 
to be examined. and rapid cleaning of the 

‘ions # apparatus. 


sults The capillary was about 0°72 mm. in di- 
ameter and 34 cms. long, whilst the capacity 
it of @ ofthe bulb from the pper to the lower mark 0-6 mm 


917, vas 927 cc. The lower end of the capillary teed 


‘588 J was sealed on to a piece of wider tube, which 
My @@ ‘dipped underneath the surface of the liquid 
in a reservoir flask of about 30 ¢.c. capacity. 
hese Exactly 20 ¢.c. of liquid were used in each 
experiment, and, as by means of levelling 
ated @ screws a graduation mark on the neck of the 
ask was made to coincide with a line etched 
about 5 ems. from the lower end of the tube, Lower level 
the “working head ” of liquid (nearly 51 cms.) = % sat 
could be adjusted with considerable accuracy 
) for @ ‘ the same value for each experiment. 
As the temperature-coefficient is for some 
| the fH liquids as high as 8 per cent. per 1°, accurate 
with @] temperature regulation is essential. The visco-  /ina/ ve 
ueter was jacketed by a water-bath with glass /“”” *” 
cally # Windows, and the temperature was regulated 
uely, @ byan improved toluene regulator, capable, if required, of preventing 
; the HH fuctuations of more than 001°, 
nl All temperatures were read to 0:01° from thermometers, graduated 
some fm 01° or 0-04°, which had been certified at Kew (or had been 
‘rectly compared with a Kew certificated thermometer), and the 
6 T 2 


and 


aken 


20 ccs 
used 
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wy 
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zero points of which were re-determined from time to time. The th 

temperatures given may be relied on to within 0-02°. th 

The time of outflow was measured in the usual way by a stop-watch Wi 

(0°25 second), the rate of which was occasionally determined and 

found not to have altered sufficiently to affect any of the results, ant 

With water at 25°, the time measured was only about 90 seconds, the 

but the apparatus was only used to measure the viscosity of concen. im 

trated sucrose solutions, and in one case the time of outflow was fur 

nearly eight hours. This entailed a multiplication of experiments in lost 

order to bring the error below 0:1 per cent.* an} 

Standardisation of the Viscometer.—-In the sequel, the symbols used 

have the following significance : ¢ 

n = coefficient of viscosity in C.G.S. units. I 

h = average head of liquid driving it through the capillary. an 

* = mean radius of capillary. “ 

Z = length of capillary. exp 

v = volume of bulb. tei 

g = gravitation constant. pre 

d = density of liquid. befn 

t = time of outflow. « 

f =! = fwidity. a 

” har! outfl 

For a vertical capillary tube apparatus, the formula a= . — dt — 

0 

assumes that the work done by the pressure (due to the head of liquid) ln 

is entively converted into heat inside the tube, the liquid escaping @ toa 

without appreciable kinetic energy. impo 

The Couette-Finkener-Wilberforce correction for any such loss of i 

kinetic energy is given by the second term of the formula : pe 
ni 

gat Si t- = 2 

8 Ww 8xl ¢ a 

ot 8 Us 

t more 

where A and B are constants for any given apparatus.t This assumes - 

Wider 

* A more convenient form of tube would have two pear-shaped bulbs, a lower amou 

one of about 10 c.c. capacity for general use, and an upper one of about 1°) c.c. for ie 

use with more viscous liquids. The diameter of the capillary should be slightly that s 

decreased, say to 0°6 mm., giving, for water at 20°, a time of outflow of about four empty 

minutes (see Fig. 1). the lig 

+ Knibbs (J. Roy. Soc. New South Wales, 1895, 29, 77 ; 1896, 30, 186) has vy HM the su 

thoroughly investigated all the recorded experiments on the viscosity of water, and Son 

concludes that the correet formula should be : of wat 

. roved 

=3 | 3 O-1 ? he lin 

the usi 


that is, that the correction which has been adopted by all the later workers should 


umes 


lower 
¢. for 
ghtly 
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that the area of cross section of the capillary and orifice is uniform 
throughout, but if the latter be contracted or expanded the correction 
will be accordingly affected. 

It is apparent that if the bore of the capillary be gradually increased 
and made funnel-shaped at the junction with the under-tube, so that 
the momentum of the outflowing liquid is uniformly shared by that 
immediately surrounding it in the gradually widening part of the 
funnel and without producing eddy currents, then the kinetic energy 
lost outside the tube may be diminished to a negligible quantity and 
any correction abandoned. 


Critical Examination of Published Values for the Viscosity of Water. 


It was decided to calibrate the apparatus by observing the times of 
outflow of water at temperatures varying from 0° to 35°, and to 
compare them with the true viscosities as determined by previous 
experimenters. 


be increased by 12 per cent. In the present paper, however, this amendment has 
not been introduced, as all the tedious calculations involved had been completed 
before this paper was observed, and the discrepancy involved is only about 0°1 per 
wn*. of the total value of the viscosity. 

By many experimenters, the influence of this correction appears to have been 
atively neglected, and the viscosity is simply taken as proportional to ‘‘ times of 
outflow” (Dunstan, Trans., 1904, 85, 817; Fawsitt and Lowry, Electrochemist and 
Meallurgist, 1904, 3, 800; Traube, Physico-chemical Methods, p. 54; Hartley, 
Thomas, and Applebey, Trans. , 1908, 93, 543). The following quotation, froma recent 
discussion at the Faraday Society, is typical of the misunderstanding which seems 
to exist as to the influence of the form of the tube on this correction: ‘‘It is 
important that the capillary should be straight and cut off squarely at each end, and 
not drawn out or blown out continuously with the bulb of the pipette. Even when 
this precaution was taken the relative times of outflow depended on the diameter 
and length of the tube, but this variation could be eliminated if a correction were 
made and the viscosity deduced from a formula »=at + dé*, instead of from the linear 
tyuation n=at ; the constant b could be determined by calibrating the tube with a 
second liquid or by determining the time of outflow of water at two temperatures.” 

Undoubtedly, the correct method is to standardise the viscometer by using two or 
more liquids of known viscosity, but the formula should be »=Adt+Bad/t, and it 
will be found that, when the capillary has been blown out continuously with the 
wider portions of tubing, the correction will tend to vanish ; in other cases, it may 
‘mount to 2 or 3 per cent. 

Another possible source of error that does not seem to be generally appreciated is 
that some of the liquid will remain on the walls of the bulb after it is apparently 
‘mpty, and the amount so remaining will depend on the capillarity and viscosity of 
the liquid. Fortunately, it also depends on the time available for the draining of 
the surfaces, and so this surface skin does not cause the error it otherwise would. 
Some experiments were carried out to test this point, and the outflowing volumes 
‘water and of a strong syrup compared under various conditions. The results 
proved that the error from this source is not more than 0°1 per cent., which is about 
the limit of experimental error in other directions. Even this can be diminished by 
the use of clongated instead of spherical bulbs. 
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For this purpose, the accurate measurements of Thorpe and Rodger 
must be regarded as superseding the pioneer work on this subject, of 
which they give a full account and criticism (Phil. Trans., 1894, 4, 
195, 397). Since then the absolute values for the viscosity of water 
have also been accurately measured by R. Hosking (Phil. Mag., 1900, 
[v], 49, 274). 

Each individual experiment was plotted in the form of a suitable 
complex function of viscosity and temperature, and finally a series 
of smoothed values obtained independent of isolated discordant 
observations. 

Thorpe and Rodger carried out two sets of experiments on water: 
in the one set, observations were taken at intervals of about 9° 
between 0° and 100°, and in the other, they made twelve experiments 
between 0° and 8° in order to test the question as to any abnormality 
at 4° comparable with the alteration in density. Their first set agree 
well, with one exception at 5°4°, but the lower series are not s0 
concordant with one another or with the first series. 

Hosking’s observations were taken at almost the same temperature- 
intervals, but do not give such consistent results as Thorpe and 
Rodger’s first series, and, whilst the value given for y at 0° is 0% 
per cent. higher than that of Thorpe and Rodger’s, his results at 
temperatures between 10° and 35° are about 0°6 per cent. higher than 
the corresponding figures given by them. 

From the construction of Hosking’s apparatus, the capillary could 
be removed and its constants measured with great accuracy at any 
time, whilst Thorpe and Rodger’s absolute value of » depends on a 
weighing of about 0°013 gram of mercury, which, as the pointer of the 

balance moved through seven divisions with an overload of | milli- 
gram, may reasonably be taken as correct to about 0°03 milligram, 
involving an error of 0:25 per cent. in the weight of the mercury and, 
consequently, of 0°5 per cent. in the value of 7; besides this, there is 
also to be taken into account the difficulty of measuring the length of 
their capillary (about 4 cms.) accurately through the differing thick- 
nesses of glass, and the uncertainty as to whether any alteration had 
taken place during the sealing together of the apparatus. 

So, for these reasons, Thorpe and Rodger’s values have been taken 
as relative, and, after increasing by 0°6 per cent., were then given 
equal weight to the results obtained by Hosking.* 


* This conclusion is borne out by Knibbs (oc. cit.), who, in discussing Thorpe and 
Rodger’s measurements before Hosking’s work had been published, states: ** Por 
absolute values of the viscosity the data are, therefore, not satisfactory, in fact, 


Poiseuille’s tubes are the only ones that appear, so far, to have been thoroughly 
measured... .. The imperfect knowledge of the effective radius of the tube, 


however, in no way prejudices the relative values of the fluidity for various temper 
tures ; it can only affect the absolute value of the viscosity constant.” 


era 
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The average values given in table I are consistently close to Slotte’s 
ggures (Wied. Ann., 1883, 20, 262), and are probably the most correct 
obtainable from the data at present available (compare Hosking, 
J. Roy. Soc., New South Wales, 1908, 42, 34). 


TABLE I. 


Summary of Determinations of the Viscosity of Water. 


Thorpe and Rodger 

, : > Hosking Best 
Recaleulated ————_—’—___— average 

¢, Original. +0°6%. Original. Recaleulated. W.H.G. values.  Slotte. 

0° 001778 0°0178875 0°01794 0°017940 0°017930 0°017919 0°01808 

5 0015095 0°015190 0°01520 0°015215 — 0°015201 0°01524 

8 — 0°013872 — 0°013883 0°013864 0°013873 —_ 

10 0°013025 0°0130965 0°01309 0°013098 0°013116 0°013104 0°01314 
15 0°011335 0°0114185 0°01143 0°011428 0°011416 0°011421 0701144 
18 oan 6°010582 — 0°010588 0°010578 0°010583 — 

20 07010015 0°0100755 0°01009 0°0100775 0°010071 0°010075 0°01008 
9 0°00891 0°008962 0°00897 0:008961 0°008949 0°008954 0°00896 
30 0°007975 0°0080285 0°00802 0°0080285 0°008030 0°008029 0:00803 
35 0°00720 0°007244 0°00724 0°0072425 0°007255 0°007247 0°00724 

In order to standardise the apparatus in terms of the above values, 
nearly 200 observations were taken of the times of outflow of water 
between 8° and 36°; the time of outflow at 0° was found to be 174°45 
seconds, the mean of nine readings taken with the thermostat filled 
with clean, freshly-fallen hail. 

Plotting a suitable function, enabled the smoothed values of dt to be 


read off for every 5°. 


Then as n= Adt ~ BE, where 7 is taken from the average values 


given above, and ¢ is the observed time of outflow ; if we plot : 


2 ig ny 
dt y , 


< 


2 as “a” 
t? 


the points should lie on a straight line making an angle y with the 
axis “ gy,” 

then B=tany 

and A=y+ Bz. 

The coincidence of the experimental values with a straight line 
when plotted in this way (see Fig. 2) proved the applicability of the 
formula to the tube employed, the greatest discrepancy observed being 
016 per cent. 

The values found for A and B were : 

A =1:0372 x 10-4 
B=285'8 x 10-4, 


and in the work to be described the following were adopted as the 
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true viscosities and fluidities of pure water at the temperatures 
indicated : 


6. ”. f. 
17°82 0°010630 94°07 
18°00 0°010580 94°52 
24°90 0°008977 111°40 
25°00 0°008953 111°67 


Method of Experimenting.—In each experiment the solution, of which 
exactly 20 c.c. were placed in the reservoir flask, was drawn up past 
the mark above the bulb and the stirrer started, while the temperature 
was kept as constant as possible for half an hour at least ; then an 
observation was taken, which for the most concentrated sucrose solu. 
tion lasted for more than 28,000 seconds (nearly eight hours), and 


Fic. 2. 


1°028 2 oe a aicore 


1-012 |——— +--+ ie —— -- + 


n/td 


— 4 ———— ——_— — + — -—~ 


7). cc. a 
| Relation between we | 


0-996 L. Tune f Qutflow t and Viscosity 7 | ays 
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! ‘ } Tress | 
A . 
| | 
0-980 | = — 
0 4 8 12 16 20 
1/é. 


for the most dilute, about 100 seconds. If the time was prolonged, 
temperature readings were taken at regular intervals, and the average 
temperature calculated. 

The solution was again brought into position near the upper mark, 
and kept there (the temperature of the bath having been meanwhile 
slightly altered) for at least half an hour before the next observation 
was taken. 

Three or more readings were taken with each solution at temperatures 
slightly above and below the standard ; this allowed of the tempera 
ture-coefficient being approximately calculated, and enabled the errors 
due to evaporation and change of .concentration of the solution while 
in the viscometer to be detected and compensated for, 
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The density was simultaneously determined, as previously described, 
on another portion of the same solution in a 25 c.c. specific gravity 
bottle, which was allowed to take the temperature of a water-bath 
permanently kept within 0-04° of the standard. 

The following example shows in detail how the data obtained from 
each solution were utilised : 


) 


Viscosity of Sucrose Solution (1V). Temp. = 25°. 


(i.) (ii.) (iii. ) 
t. 6. &. é. t 6. 
0’ 25°16° 0’ 25°40° 0 25°00° 
3 25°15 4 25°40 4 24°98 
5 25°15 7 25°39 7 24°98 
8 25°15 10 25°39 10 24°98 
10 25°14 
Total time of outflow Total time of outflow Total time of outflow 
=10' 23°6”, =10' 17°0”, =10’ 27°5”, 
t=623°6 seconds, t=617°0 seconds, ¢t=627°5 seconds, 
mean @= 25°15". mean @=25°395°. mean @= 24-985", 


(Temp. -coeff.) =0°040 
*, tog-9 =627°0 secs. 
and 7 = Adt- Bd/t 
= 0°07816 — 0°000055 
= 0°07810 


The determination of the density of the solution (sp. gr. bottle, 
No, 27) gave d®* 1:20196, hence S — 1 = 0°20542, 


o- 


1 
but from smoothed curve, = 012915, 


therefore n = 1:5905. 
The normality is obtained approximately by interpolation from the 
density tables, and finally by reference to the curve for the exact 


’ 


S-] 
value of et at that concentration. 


The concentrations of sucrose solutions are almost invariably given 
in reference books as percentages: for most practical purposes they 
could have been so expressed in this paper, and even in the case of the 
mixtures of sucrose and lithium chloride solutions there is no 
theoretical significance apparent in the ratios of their molecular con- 
centrations. However, the calculations were simplified by expressing 
the concentrations in terms of “7,” and the nomenclature was also 
brought more into harmony with that necessarily adopted for the 
tlectrolytic solutions examined. 
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EXPERIMENTAL. 


Viscosity of Sucrose Solutions. 


i 
1 = Adt — BS. 


n=coeff. of viscosity. 


t=time of outflow in seconds. 
n=normality in gram-molecules of sucrose per litre, 


- 
Is 4 
a ° 


"DORBS 
“O1S884 
“01945 
03937 
"04276 
"O8555 
*1352 
"14842 
1758 
17632 
"18089 
*1857 
°23435 
*2794 
"3180 
‘3415 
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TABLE II. 


t. Adt. 
104°75 0°010850 
117°6 0012428 
117°8 0°012456 
134°5 0°014500 
138°2 0°014946 
192°35 0°021657 
3158 0°037184 
370°7 0°044154 
533°7 0°065084 
§35°5 0°065344 
572°6 0°0701385 
614°5 0°075570 

1423°5 0°18225 
3946 0°52363 
12481 1°7062 


28630 


3°9836 


readings had been taken. 


P54 
nl * 


0°99712 
1°01976 
1°03358 
1°04788 
1°08328 
1°09158 
1°10062 
1°12228 
1°14240 
1°17124 
1°20196 
1°23146 
1°25964 
1 


28676 


t. 


89 
101 
110° 
121° 
168° 
170° 
184° 
228° 
283° 
403° 
627° 
1040° 
1828" 


3490" 


TABLE III. 


Adt, 


6 0°009267 
35 = 0010719 


15 0°011809 
0 0°013151 
4 0°017797 
2 0°019270 
7 0°021084 
0 0°026540 
3 0°033568 
8 0°049054 
0 0°07816 

0 0°13283 

0 0°23885 

0 0°4658 


A =1:0372 x 10~4) Constants for the 
B=285'8 x 10-4) 


Bad/t. 
0°000270 
0°000248 
0°000247 
0°000221 
0°000216 
0°000161 
0°000103 
0000089 
0000063 
07000063 
0°000059 
07000055 
0°000025 
0°000009 


Ba/t. 
0°000318 
0°000288 
0°000268 
0°000248 
0°000195 
0000182 
0°000170 
0°000153 
0°000115 
0:000083 
0°000055 
0°000030 
0:°000020 
0°000010 


@= 


6 = 18-00°. 


7. 
0°010580 
0°012180 
0°012209 
0°014279 
0°014730 
07021496 
0°037081 
0°044065 
0065021 
0°065281 
0°070076 
0°075515 
0°18223 
0°52362 
1°7062 
3°9836 


25°00°. 


n. 
0008953 
0°010431 
0°011541 
0°012903 
07017602 
0 019088 
0°020914 
0°026387 
0°033453 
0°04897 

0°07810 

0°13280 
0°2388 

O°4658 
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apparatus, 


log, { !s-n/n | 
i j 


6025 
"5963 
6250 
"6329 
“6678 
7171 
7323 
‘7628 
7624 
‘7677 
‘7754 
"8307 
“8890 
"9454 


9794 


This solution was supersaturated, and the sucrose slowly crystallised after the 
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The smoothed values given in table IV were calculated from the 


curves obtained by plotting a suitable function, namely, log. 


of the above experimental values. 
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varies from 0°01 to about 4:0), with the necessary accuracy, was 
impracticable. It will be observed that the temperature-coefficient 
increases considerably with the concentration. 


Tape [V. 


Viscosities and Fluidities of Sucrose Solutions as Calculated 
by Interpolation from Smoothed Curves. 


- Average percentage temperature-coefficient between 18° and 20°. 


a 
6=18:°00°. @=25°00°. e= 
. ‘ ; + Me - Nos 200 

n. d'84, n. F. a4, nN. J. 95-18 ‘ Ms t Nos 
00 O-99865 0°010580 94°51 0°99712 0°008953 111°67 2°390 
| 101288 0°011600 86°19 1°01028 0°009766 102°38 2°454 

2 1702509 0°012776 78:26 1°02339 0°010705 93°41 2°520 

{ 1:05140 0°015744 63°51 1°04950 07013083 76°44 2°637 

6 1°07754 0°01991 50°24 1°07548 0°016377 61°06 2778 
08 1'10357 0°02589 38°62 1710131 0°02105 47°50 2°945 
10 1°12944 0°03467 28°84 1°12700 0:02785 35°90 S°*il7 
12 115513 0°04815 20°77 1°15254 0°03805 26°28 3°345 
14 1:18067 0°06997 14°29 117793 0°05385 18°57 3°707 
16 1720597 0°10646 9°39 1°20316 0°07973 12°54 4°10 
18 1°238111 0°1710 5°845 1°22826 0°12474 8°015 4°47 

0 1°25606 0°2931 3°411 1°25322 0°2072 4°825 4°90 
22 1°28242 0°5510 1°815 1°27802 0°3702 697 5°58 
25 131752 1°679 0°5955 1°31495 1°058 0°945 6°48 
27 1°34171 4°074 0°2455 — (2°434) 0°411 12 

30 §©1°37936(19°9) 0°0503 . i m= 


with Results Obtained by Other Observers.—The only 
solutions at 


Comparison 
available observations on the viscosity of sucrose 
temperatures between 18° and 25° are those of : (i) Burkhard at 20°, 
as quoted by Lees (Phil, Mag., 1901, [vi], 1, 128); (ii) R. Hosking at 
about 20° (Joe. cit., 285), and (iii) G. Rudorf at 25° (Zeitsch. physikal. 
Chem, 1903, 43, 281). 

Burkhard’s results are quoted by Lees to three significant figures 
only, 

Hosking’s experiments are very complete as regards the temperature 
ralge, measurements being made at intervals of 8° or 10° between 0° 
and 90°, but only tive concentrations were examined. The viscosities 
used for comparison were observed within 0°25° of 20°, and are 
“interpolated values obtained by plotting the experimental results on 
a suitably large scale.” 

Rudorf’s figures are obviously incorrect : in the case of the strongest 
‘olution, which is labelled 1-00, the figure for the “Spez. Gew.” 
corresponds almost exactly with the specific gravity of a seminormal 
‘olution of sucrose (1°06558), whilst “»’’ corresponds with the relative 
Viscosity of a solution slightly weaker than O-4n. It has been sug- 
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gested by Fawsitt (Hlectrochemist and Metallurgist, 1904, 3, 801) 
that the use of a spiral capillary gives abnormal values. 


In order to show to what extent the formula : =a" (as proposed by 


0 
Arrhenius, Zeitsch. physikal. Chem., 1887, 1, 285) holds good for con- 
centrated solutions, and because it is an accurate method of comparing 


different experimental values, the function log. {e-s) has been 
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calculated for each observation, and plotted against the corresponding 
value of n in Fig. 3. 

The curves show that this function is not a constant, as it should be 
if Arrhenius’s formula held good, and, further, they justify the 
conclusion that the results given in this paper may be taken as 
trustworthy. 

The measurements also extend over a range of concentration nearly 
twice as great as that previously covered by other experimenters. 
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TABLE V. 


Viscosity of Sucrose Solutions at 20°.—Comparison of Results 
Obtained by Other Observers. 


Burkhard, Hosking. 
Per Jog, flog-n/m0 | log, f log-n/mo | 
cent. Noy. n/n. a /* 7". n/N. S| n ” 
0 = — — 0°01009 1°000 — 
1 00293 — — 0°01031 1°022 1-506 
5 071488 115 1°601 0°01139 1°128 1°549 
10 «=: 03085—s«1°33 1°6105 0°013z8 1°316 1°5945 
15 0°4645 1°56 1°6188 _ oe — 
20 0°6323 1°89 1°6408 0°01910 1°893 1°6418 
25  0°8068 2°35 1°6627 — man — 
30 0°9887 5°07 16915 — _ — 
40 1°376 — — 0°0607 6°013 1°7530 


Viscosity and Conductivity of Aqueous Solutions of Hydrogen Chloride 
and Lithium Chloride. 


Materials Used.—(a) The hydrogen chloride solutions were obtained 
by suitable dilutions of the acid supplied by Merck as “ guaranteed 
pure for analysis.”’ 

The concentration of each solution was determined by titration 
against a normal solution of sodium hydroxide, using methyl-orange 
as indicator. This solution had been checked against a standard 
solution of hydrogen chloride, the strength of which had been very 
accurately determined by the Iceland spar method (Masson, Chem. 
News, 1900, 81, 73; Green, ibid., 1903, 87, 5).* 

The density of each solution was not measured, as it was only 
required of moderate accuracy, but was taken from the published 
tables (at 15°) given by Ure after correction to 25° by Kremer’s 
coefficients of expansion. 

(b) Tbe lithium chloride was obtained by dissolving an ordinary 
sample of lithium carbonate in hydrochloric acid; after filtration, the 
solution was evaporated to dryness. In this way, the excess of acid 
was driven off and a pure neutral salt obtained, which was dissolved 
inthe minimum amount of water ; the impurities, consisting mainly 
of alkaline sulphates, were salted out and separated by filtration. 

A solution made up from this dry solid was 7-227 by weight of 
salt taken, and 7:218V by careful titration with a standard solution 
of silver nitrate.t 


dl This method was adopted as being the best available for the purpose ; ex- 
perience in this laboratory having shown that it is of a very high order of accuracy. 
t Another proof of the efficiency of this method of purification is given by the 


- 
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Occasionally the concentration of the solution under examination 
was determined by titration against a decinormal solution of silver 
nitrate, checked, in one instance, by evaporation to dryness; but the 
density of each solution was also observed at the temperature of 
experiment, and it was on this measurement that the determination of 
the concentration wes mainly dependent. The following sets of 
published data on the density of lithium chloride solutions were 
available, and were therefore critically examined by the same method 
as was employed in the case of sucrose solutions. 

1. Kremers (Pogg. Ann., 1856, 99, 435), at 19°5°. 

2. Gerlach (Zeitsch. anal. Chem., 1869, 8, 279), at 15°. 

3. Kohlrausch and Tollinger (Wied. Ann., 1879, 6, 38), at 18°. 

4. Bender (Wied. Ann., 1887, 31, 872), at 15°. 

5. Dijken (Zettsch. physikal. Chem., 1897, 24, 81), at 15°. 

6. Wade (Trans., 1899, 75, 270), at 18°. 

7. Conroy (Proc. Roy. Soc., 1899, 64, 312), at 18°. 

The following new observations are recorded : 


TABLE VI. 


Density of Lithium Chloride Solutions. 


At 18°0° (Orme Masson). At 25°0° (W. H. G.). 
d, diy d, d, 
n. as, nm ° ”, q+ "\E 
0°466 1°0098 0°02385 0°6159 1°01208 0°02430 
0°937 1°021i 0°0239 O°9A85 1°02000 0°02387 
2°043 1°0464 0°02336 3°273 1°07173 002280 
3°439 1°0768 002271 5614 1°12229 0°02228 
4°870 11078 0°02240 8°698 1°18640 0°02174 
6 198 1°1352 0°02202 12°04 1°25680 0°02157 
8034 117438 0°02185 12°33 1°26364 002162 
9°973 1°2154 0°02173 
12°227 1°2633 0°02164 


following analyses made by Professor Masson on the original stock solution of the 


purified salt : 
Per cent. of 


Per cent. of lithium Per cent. of 
chlorine in chloride in chlorine in the 
Experiment. the solution. the solution. lithium chloride. Remarks. 
i. 34°312 — = Gravimetric 
II. 34°315 — — Volumetric 
III. 34°305 41°110 83°446 Gravimetric 


In experiment III, 2°576 grims were evaporated to dryness and yielded 1°059 
grams of solid Jithium chloride, in which, after re-solution in water, the chlorine 
was determined by precipitation with silver nitrate, 3°5742 grams of silver chloride 
being obtained. As the theoretical percentage of chlorine in lithium chloride is 
83°451, the material used was of a high order of purity. The original solution was 
used several times over, the uncontaminated washings and diluted solutions being 
evaporated down again, as required, in a platinum basin. Traces of impurity were, 
however, salted out on each occasion, and were probably derived from the glass 
vessels in which the solution was stored and used. 
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Wade measured the contractions caused by diluting aqueous solu- 
‘ious With equal volumes of water, and then calculated the apparent 
molecular volumes of the salt itself. In the case of lithium chloride, 
his calculations are based on Kohlrausch’s value of d*=1°0274 for 
4 concentration m= 1:209, but he has erroneously taken this density 
asa “specific gravity ” referred to water at the same temperature. I 
have recalculated his results, and they are now in excellent accord 
with the accurate measurements of Dijken for dilute solutions. 


TasLe VII. 
Dilute Lithium Chloride Solutions. 


Wade (18°). Dijken (16°). 
d, du ds - dy, 

Re n p. p- qa, n. nm ° 9.” 
0'1 0°02485 17°652 0 1°000000 0 - 
02 0°02468 17°822 0°23923 0°001405 0°0564 0°02489 17°61 
0°3 002454 17°964 0°62360 0°003647 0°1472 0:°00073 17°79 
04 002442 18081 1°01093 0°005921 0°2387 0°00071 17°81 
0°5 0°02432 18184 
075  0°02409 18°407 | * These figures have been recalculated. 
10 0°02390 18°596 
1209 0°02376 18°738 


All the above-mentioned data were plotted on the same paper, and 
it was found that, within the limits of experimental error, the curves 
d,—d 

1b 
tures varying from 15° to 25° are indistinguishable. 

The density of solid lithium chloride at 25° has been carefully 
determined by Baxter (Amer. Chem. J., 1904, 31, 558) to be D? 2-068. 

The table on p. 2038 gives the densities and molecular volumes 
calculated from the smooth curve drawn through the most trustworthy 
of the experimental results, and these values have been used throughout 
this research, 


u 


representing the variations of * with concentration for tempera- 


Apparatus.—The viscosity and density of each solution were 
measured exactly as described for sucrose solutions. 

Conductivity.—The telephone method of Kohlrausch was employed 
for the determination of the electrolytic conductivity. 

The cell used had, when filled with a “maximal” solution of 
magnesium sulphate, a resistance of about 200 ohms; one series of 
dilute solutions was, however, also examined in another cell, the 
resistance of which was only about 0°5 ohm for the same solution. 

The conductivity of the distilled water used was 2°7 gemmhos. 


Results. 


Solutions of Hydrogen Chloride.—In 1901, a year before this research 
was started, Professor Masson had measured the conductivity of two 


2038 


Smoothed Values for the Density of Lithium Chloride Solutions. 


series of solutions of hydrogen chloride, and he has kindly handed over 
to me this previously unpublished work for inclusion in this paper, 
The results have been recalculated, and are included in tables IX 


and X. 


Conductivity of Hydrogen Chloride Solutions at 24:9° (nominally 250) 


nl. 
0 
0°0001 
0°00025 
0°0005 
0°001 
0°0025 
0°005 
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d,—dy 
it i 
0°0250 
0°02485 
0°02470 
0°02434 
0°02390 
0°02357 
0°02330 
0°02290 
0°02255 
0°02230 
0°02210 
0°02196 
0°02186 
0°02178 
0°02171 
0°02166 
0°02162 
0°02160 
0-02200 


Tasie VIII. 


ds, 


0°99865 
1°00114 
1°00359 
1°01082 
02255 
03400 
04525 
06735 
08885 
11015 
13125 
"15237 
17353 
19467 
*21575 
"2369 
2581 
2686 


ia ne ee | 


dA, 
0°99712 
0°99960 
1°00206 
1°00929 
1°02102 
1°03247 
1°04372 
1°06582 
1°08732 
1°10862 
1'12972 
1°15084 
1°17200 
1°19314 
1°2142 
1°2354 
1°2566 
1°2671 
2068 


* Solid lithium chloride (Baxter, loc. cit.). 


Taste IX, 


(by O. M., 1901). 
Dilute Solutions. 


R. 
Mean value 
Series a. Series D. (corrected). 
220,000 220,000 
was 87,000 87,000 
— 44,800 44,800 
22,550 22,500 22,520 
9,130 9,200 9,165 
- 4,700 4,650 
3,100 — 3,100 
-—— 2,312 2,316 
939°5 940 939°4 
477°3 478 477°3 
322°3 — 322°0 
243°0 243 242°7 
100°7 _- 100°4 
52°90 -- 52°58 
36°85 -— 36°53 
28°80 _ 28°48 


Po5- 
17°53 
17°68 
17°83 
18°19 
18°63 
18°96 
19°24 
19°64 
19°99 
20°24 
20°44 
20°58 
20°68 
20°76 
20°83 
20°88 
20°92 
20°94 


20°54 


Ax 10. 
0°4305 
0°4354 
0°4228 
0°4205 
0°4133 
0°4068 
0°4073 
0°4089 
0°4032 
0°3968 
0°3921 
0°3902 
0°3773 
0°3602 
0°3456 
0°3325 


Condu 
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In order to make the author’s determinations of viscosity as exactly 
comparable with these measurements as possible, the work was carried 
out at the same temperature, which was found, on accurately testing 
the thermometer, to be 24°90° (not 25-00°, as originally supposed). 
for the sake of completeness, the conductivity of each solution was 
sso redetermined, and the results are given in table XL. 


TaBLE X, 
Conductivity of Hydrogen Chloride Solutions at 24-9° (by O. M., 1901) 


Concentrated Solutions. 


nN. R. A. A. 
1:007 28°30 0°3346 0°3324 
2013 16°75 0°5554 0°2809 
3°020 13°20 0°7174 0°2375 
4°027 11°79 0°8032 071995 
5°03 11°25 0°8418 0°1674 
5°52 11°18 0°8470 0°1534 
6°09 11°19 0°8463 0°1390 
7°10 11°47 0°8256 0°1163 
8°12* 11°98 0°7905 0°09735 
8°182 12°01 0°7885 0°09637 
9°187 12°68 0°7468 0°08129 

10°264 13°58 0°6974 0°06795 


* The strength of this solution, namely, »=8°'12, was not very certain. 


TasBLe XI. 


Viscosity and Conductivity of Hydrogen Chloride Solutions at 24°9°. 


RK A 

n (49/4, t. 1. (observed). (corrected). A. An x 10°. 
0 09714 cee 0:008977 - — — oa 
09955 1°0146 93°4 0°009518 28°92 0°3275 0°3290 3°131 
2018 = 0°0312 97°71 07010082 17°00 0°5677 0°28125 2°835 
3032-60476 101°1 0°010692 13°55 0°7158 0°2361 2°467 
3467 = 00545 102°8 0°010952 12°74 0°7625 0°2199 2°4085 
4987 —0°0716 107°5 0011663 11°73 0°8300 0°1810 2°1106 
9905 =0°0917 113°65 0°012595 11°54 0°8440 0°14295 1°8003 
5981 0°0928 113°7 0°012613 11°515 0°8458 0°14142 1°7836 
6810 0°1055 118°5 0°013324 11°725 0°8302 0°12190 1°6240 
(765 01183 124°35 0°014171 12°13 0°8012 0°1032 1°4623 
S918 =0°1356 132°35 = =0°015347 12°825 0°7571 0°08489 1°3030 
lW47 01570 144°5 0°017114 14°13 0°6857 0°06548 = 1°1207 
11°97 01798 158°3 0°019160 15°48 0°6246 0°05218 0°9998 


In tables XII and XIII are given the smoothed values obtained 
by plotting suitable functions of the above experimental values. 


VOL, XCIL, 6U 


Ao gtr 


2040 GREEN: STUDIES ON THE VISCOSITY AND 


Tas_e XII. 
Summary of Smoothed Results for Hydrogen Chloride. 


Dilute Solutions: 6 = 24°90°. 


n. A/n. A. ; Alf x 10", 
0°0001 0°0464 0°4525 111°49 4°055 
0°00025 0°0630 0°4355 111°40 3°910 
0°0005 9°0794 0°4255 111°40 3°820 
0°001 0°1000 0°4200 111°40 3°770 
0°0025 0°1357 0°4130 111°39 3°707 
0°005 0°1710 0°4093 111°38 3°673 
0°0075 0°1957 0°4074 111°36 3°656 
0°01 0°2154 0°4065 111°33 3°652 
0°025 0°2924 0°4023 111°23 3°617 
0°05 0°3684 0°3972 111°07 3°576 
0-075 0°4217 0°3936 110°92 3°549 
01 0°4642 0°3905 110°74 3°526 
0°25 0°6300 0°3783 109°75 3°447 
0°5 0°7937 0°3617 108°14 3°344 
0°75 0°9086 0°3470 106°56 3°256 
1°000 1°006 0°3327 105°02 3°167 


TaBLe XIII. 
Summary of Smoothed Results for Hydrogen Chloride. 


Concentrated Solutions: 6 = 24°90°. 


A. 
ne O. M. W..HK. G. Mean. f. A/f x 10°. 
1 0°3327 0°3289 0°3308 105°02 3°150 
2 0°2841 0 2841 0°2841 99°16 2 865 
3 0°2383 0°2380 0°2382 93°71 2 542 
4 0°2005 0°2004 0°2005 88°61 2°263 
5 0°1683 071681 0°1682 82°73 2°009 
6 0°14125 0°14085 0°14105 78°96 1°7865 
7 0°1184 0°11795 0°1182 74°18 1°5935 
8 0°09942 0°09920 0°09931 69°45 1°430 
9 0°08387 0°08373 0°08380 64°86 1°292 
10 0°07101 0°07078 0°07090 60°44 1173 
11 — 0°06009 0°06009 56°18 1°0695 
12 — 0°05192 0°05192 52°09 0°9965 


Lithium Chloride. 


A series of experiments on the conductivity of aqueous solutions o 
lithium chloride at 17°82° was also undertaken by Professor Masson, 
and the results given in table XIV are calculated from his obser’: 
ations. For comparison with these, the viscosity was measured by the 
author ‘at the same temperature, and subsequently both the com 
ductivity and viscosity were also measured at 25:00° in order 1 
complete the work described in Part II of this research. 


Co St hm wm CO bo be 


mo--~i 
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Conductivity of Lithium Chloride Solutions (by 


it (corrected). 
1234°7 
2852 


Viscosity of Lithium Chloride Solutions, 


i7'32/4 , 
099870 
1°03209 
1°06267 


0°27136 


PART I. 


It will be observed that here, as in the case of solutions of hydrogen 
chloride and sucrose, the strongest solutions obtainable have been 
worked with, the most concentrated being practically saturated. 


O. M.). 


A 


008260 
0°07124 
0°06404 
0°05725 
0°05266 
0°04714 
0°04222 
0°03829 


0 


03332 
0° 
0° 
0° 


02928 
02622 
02209 


0°01788 


0° 
011248 


0 


01448 


0°008614 


0 
0 


a j log. n/n, 
a | 


Lo] BO} DOT BS! DO] BO! BOE NS) DO! BO! BS) BO! DS! DO! 


006418 
006199 


) 
n 


‘76926 


77495 
78179 


‘78959 
‘79545 
‘80617 
“80663 
‘81912 
"83396 
85481 
"87843 
‘90383 
"92338 


93568 


Oe es 


— 
° 


i 
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n 
0°0062 
0°0125 
0°025 
0°0499 
0°1000 
0°2000 
0°4000 
0°6175 
1°1630 
2°001 
2°860 
4°029 
4°970 
5°325 
6°218 
6°976 
8°445 
8°804 
9°173 

10°400 

11°265 
12°345 


i.e 


0 
0°6175 
1°163 
2-001 
2°860 
4°029 
4°970 
§°325 
6°218 
6°976 
8°445 
8°804 
9°173 
10°400 
11°265 
12°345 


As before, suitable functions were plotted, and the most probable 


TaBLe XVI. 


Conductivity of Lithium Chloride Solutions. 


6 = 25°00°. 
R (corrected). Ax 104, A. 

5 13800 6°86 0°1093 
7100 13°34 0°1065 
3625 21°12 0°10436 
1899 49°87 0°09990 

982°7 96°37 0°09634 

519°7 182°22 0°09110 

279°4 338°9 0°08572 

192°4 492°2 0°07971 

114°7 825°6 0°07099 
76°8 1233°1 0°06162 
61°6 1537°3 0°05375 
52°7 1797°0 0°04460 
50°1 1890°2 0°03803 
49°73 1904°3 003576 
50°23 1885°3 0°03032 
51°9 1824°7 0°02616 
58°93 1607°0 0°01903 
61°33 1544°1 0°017539 
64°13 1476°7 07016098 
75°9 1247°6 0°011997 
86°1 1100°0 0009765 

101°1 936°7 0°007588 

Taste XVII. 
Viscosity of Lithium Chloride Solutions. 
6 = 25 00°. 

d*4, te n- 
0°99712 — 0°008955 
1°01213 95°6 0°009724 
1°02475 101°2 0°010466 
1°04376 111°7 0°011825 
1°06272 123°0 0°013312 
1°08794 141°6 0°015758 
1°10796 160°0 0°018188 
1°11554 168°6 0°019319 
1°§3430 192°2 0°022444 
1°15032 217°5 0°025838 
1°18141 285°2 0°034829 
1°18897 307°3 0°037786 
1°19672 333°0 0°041229 
1°22264 444°2 0°05625 
1°24090 555°6 0°07144 
1°26364 732°0 0°09589 


A/f x 10°, 
0°9797 
0°9553 
0°9376 
0°9006 
0°8746 
0°8381 
0°8009 
0°7763 
0°7430 
0°7286 
0°7155 
0°7028 
0°6916 
0°6909 
0°6806 
0°6759 
0°6628 
0°6627 
0°6636 
0°6749 
0°6976 
0°7276 


™ f log. n/n | 
bog. 


76288 
2°76503 


~ 


HO} HS] DO! b 
~~ 
1@ 
Oo 
=) 


2°85139 
2-85909 
288500 
2-90342 
2-92122 


values read off by interpolation from the smoothed curves. 


The average temperature-coefficients of both the viscosity and 
conductivity for each concentration between 18° and 25° are tabu 


)\ 


ble 
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lated, and it will be seen that, although not identical, the ratio 
between them is practically constant for all concentrations. 

Taste XVIII. 


Smoothed Values for the Conductivity and Fluidity of Lithium 
Chloride Solutions. 


Percentage 
temperature-coefficients. 
, Ax 10", - . ~ A/f x 10°, 
pe, Con- ——_—_, 


ne 17°82°. 25°00°. 17°82°. 25°00°. Fluidity. ductivity. 17°82°. 25°00°. 
0 94°07 111°67 = [9888] [11°53] 2°38 [2°33] [1°047] [1°0325] 
000625 — — 10°93 — “= — 0°9796 


00125 — — — 10°65 — -- _- 0°9553 
0°025 — — — 10°436 -- — _ 0°9377 
0°05 _ — - 9°990 = —- — 0°9007 
01 92°82 110°16 8°215 9°634 2°38 2°22 0°8850 0°8745 
02 91°59 108°70 7°768 9°110 2°37 2°22 0°8481 0°8381 
05 87°98 104°35 7°052 8°228 2°37 2°14 0°8016 0°7885 
10 82°20 97°46 6°281 7°312 2°36 2°11 0°7640 0°7501 
15 76°78 90°98 5°757 6°710 2°35 2°13 0°7498 0°7374 
20 71°66 84°87 5306 6°163 2°35 2°08 0°7404 0°7261 
30 62°26 73°64 4°517 5°258 2°34 2°11 0°7254 0°7138 
40 53°84 63°65 3°849 4°476 2°32 2°10 0°7148 0°7022 
50 46°21 54°59 3°262 3°785 2°32 2°07 0°7059 0°6920 
6-0 39°18 46°27. 2°723 = 3170 2°31 2°11 0°6949 0°6850 
70 32°68 38°60 2°227 2°604 2°32 2°17 0°6815 0°6745 
8-0 26°65 81°55 =1°803 = -.2"105 2°34 2°15 06765 0 6672 
9°0 21°23 25°28 1°422 1°6725 2°42 2°27 0°6696 0°6618 
10°0 16°48 19°75 1°1166 1°3225 2°52 2°35 0°6776 0°6693 
11°0 12°46 15°07. =0°8710 1°0395 2°64 2°45 0°6987 0°6898 
12°0 9312 11°42 0°6794 0°8149 2°84 2°53 0°7295 0°7135 
12°25 8164 10°007 0°6003 0°7218 [2°83] 2°56 0°7352 0°7213 


Comparison with other Published Values.—The only determinations 
of the viscosities of concentrated solutions of lithium chloride are 
those of Sprung (Pogg. Ann., 1876, 59,17) and the recent work of 
Hosking (Phil. Mag., 1904, [vi], 7, 469), which, as in the case of his 
work on sucrose, covers a very complete range of temperature; but 
the interval between the different strengths examined is too large to 
admit of accurate interpolation, and the greatest concentration is 
n=10°7, whilst solutions of concentration up to n=125 may be 
readily prepared and worked with. 

Hosking’s results are slightly higher than those described here, but, 


on the other hand, his values for sucrose solutions were lower than 
mine, 


By plotting the function log. { =e: \, it is possible to compare 
7% 


accurately the various sets of experiments (see Fig. 4). 
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TABLE XIX. 


Viscosity of Lithiwm Chloride Solutions.—Comparison of Results by 
other Observers. 


p- 

n. per cent. n. 
1°908 7°757 - 
3°540 13°91 - 
7°365 26°93 — 
0°1030 -- 0°01070 
0°520 _ 0°01133 
1°012 -- 0°01212 
2°935 — 0°01600 
5°02 — 0°02169 
7°35 _ 0°03365 

10°70 -- 0°0739 
2°266 — 0°01530 
6°74 — 0°03256 
FIG 


n/n: log. | nm J* Experimenter, 
1321 Q\ 28008 ) . 
1676%¢\ 32-8018 sprung, 
3-123 28370 ae 
00041 2-600 . 

00289 2-745 

00582 2-760 Hoski 
0°1788 27848 6 -19ee 
0°3110 2°7921 dice 
0°5017 3-8341 

0°8433 28966 

0°1289 2°7550 @=15°2 
0°4547 23-8290 0=15°0 


at 20-0 
et 1:0 


at 180 


A// x 10*, 


2°92 
Comparison of Results 
to) Sprung 
Hosking 
5-88 ++ 
o WHG 
- = pe 
€ C 
aut 2 
oC) 2°84 acai eet me 
50 
= | 
2°80 —o 2 


WA | __ Viscosity 


| of 


76 nfo 


0 2 


Observations on the conductivities of lithium chloride solutions have 
been published by Kohlrausch, Fitzpatrick (dilute solutions), and 
_ other observers at 18°, and by Hosking at 18° and 20°, but the inter- 


0 eS 2 LITHIUM _. Solitons | 
ae | 
270 Cok A ae ae 
4 6 8 10 12 


metica 
merely 
tions, 


polation necessary to reduce their results so as to make them available The 
for comparison with experiments at 17°82° and 25°00° does not readily means 


admit of sufficient accuracy. 


However, Hosking has also tabulated his values of 3 at 18° and 20°, 


availah 
worked 
volume 


and, as his readings were taken within about 0°2° of the latter temper* represe 
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ture, these figures furnish a trustworthy method of comparison, 


especially ast varies only slightly with the temperature. 


y 
TaBLE XX. 
Conductivity of Lithium Chloride Solutions (by R. Hosking.) 
6 = 20°. 
Pcasoaiatasss 0:00645 0°1030 0°5198 1°0116 2°934 5°02 7°35 10°70 
Afxl0® ... 0°983 0-881 0-786 0766 0-748 0-715 0-699 0°700 
Fic. 5, 


} 
= ———eE eee 


| | THE CONnoduCTIVITY 


oF 
_ LITHIUM CHLORIDE SOLUTIONS _| 
| | | 


OOF T 
y } | | ° 
| O at 200 } wate 
O at 17°82 


Q at 20°0_——R. Hosking 


Alf x 10%, 


07 


| 
0 2°5 5 7°5 10 12°5 


These results are plotted on Fig. 5 for comparison with the values 
of : obtained by the author at 17:82° and 25-00°. 


The discrepancy shown by the solution, which is nominally 2°934n, 
both in this and in the viscosity curve, is probably due to some arith- 
metical error as to its concentration, especially as this was calculated 
merely from the density and not confirmed by analytical determina- 
tions, 

Discussion of Viscosity Concentration Formulae. 


} The viscosity values given in this paper provide more complete 
means of testing various concentration formule than has hitherto been 
available, and they show that for dilute solutions, such as Arrhenius 
worked with (not more than 0°2.V-sucrose), that »=A* (where a= 
Volume of solute per unit-volume of solution), or even »=1+ a2 will 
represent the facts with fair accuracy ; then for more concentrated 


inca 


££ 
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solutions, formule of the type 7 = A*4'~* are required, but even these 
soon cease to be accurate. 

Reyher (Zeitsch. physikal. Chem., 1888, 2, 744), Wagner (ibid, 
1890, 5, 31), Lauenstein (ibid., 1892, 9, 417), Kanitz, and others 
have come to similar conclusions. 

Lees, in a valuable paper (PAi/. Mag., 1901, [vi], 1, 128), shows 
by a comparison of the calculated with the observed values that 
neither the theoretically derived logarithmic, mobility, nor viscosity 
formula represents correctly the variation of viscosity with com. 
position. 

He then suggests the empirical relation : 


Q” = 149," + Von" + « «6 49 
where v,, t.,..-.. are the fractional volumes present of the 
several compounds, and 7,. y,... - are their viscosities. This 


he found to hold good (within 1 per cent.) for a number of typical 
mixtures of liquids and solutions. 

As n was found by Lees to have the value — 0°5 for sucrose solutions, 
we may write the above formula as 


Jf= vy J, + Uy Jy 


and we can simplify this to ./f=v,4 + Bn if we take v, to denote the 
volume of water present per unit volume of solution, and v, to denote 
the volume of 100 per cent. sucrose solution (and not merely the 
volume of a 30 or 40 per cent. solution) per unit volume of the 
solution : rn 

Now A is ,/f, (f,= fluidity of pure water), 
and B is —_ (f/;:= fluidity of a 100 per cent. solution of sucrose) 
(@ = molecular volume of sucrose in solution). 

Assuming Lees’ formula to hold, B can be at once calculated from 


Jf ~Av, 
n 


the viscosity at any concentration, for B=~— 


DS BO ND Oe HY OOO] OOD] OD] OO OO Oti—=s 


B, thus calculated, varies from -2°35 at a concentration of 
0:'8n to -—156 when n=2'5, as may be seen in column 4 of 
table X XI. 

This indicates either that the fluidity of a 100 per cent. solution 
has a negative value, or that this formula also breaks down when 
rigidly tested. 

An alteration in the value of the exponent of / will not materially 
improve the accuracy obtainable, nor can it lead to other than negative 
values for 4, which is a simple function of the fluidity of a cent. per 
cent. solution of sucrose. 


&> pao 
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Lees’ formula may, however, be thrown into another form ; 


thas, if /f=9, Jfo+ mB, 


, a , 
—<— =0,+7 
. then ..” Sh 
p 
| Now *1=1— 7900" 


= J E-1-(i&- ae 


=1-an (where a is a constant), 


or f=( meas 


The degree of constancy of a can be seen from the values given in 
column 5 of table X XI. 


TaBLe XXI. 
Fluidity of Sucrose Solutions at 25°. 


Test of two forms of Lees’ Fractional-Volumes Formula: 


; fw . 
(i) ee lt as +B, where ./f,=10°567=A. 
; (ii) = -an)’. 
. 1~ Jif 
i NJ iJ 0 
J n v, x 10°. Jf. hi - n "= 
3 0 1000°0 10°567 = ove 
01 978°9 10°120 — 2°24 0°423 
0°2 957°7 9°665 2°27 0°427 
0°4 915°3 8°743 2°32 0 432 
06 872°7 7°815 2°345 0°434 
) 0°8 830°0 6°893 2°355 0°433 
1-0 7872 5992 2°325 0°433 
12 744°2 5°126 2°24 0°429 
1*4 701°0 4°309 2°175 0°423 
N 1°6 657°7 3°541 2°13 0°415 
1°8 614°25 2°831 2°03 0°407 
2°0 570°65 2°197 1°915 0°396 
2°2 526°9 1°643 1°785 0°384 
2°5 461°0 0°972 1°56 0°363 
Many other formule have been tested, but the best results were 
obtained with an expression of the form -- = A’”, where v is the volume 
No 
of the sucrose, and w is the volume of the water, present per unit- 
volume, 
Varying discrepancies were observed according as the molecular 


volume of the water or the sucrose in the solution was assumed to be 
constant, and in no case was a very satisfactory concordance obtained 
between the calculated and observed viscosities. 
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This is in accord with Pickering (Watt’s Dictionary, Vol. LV, 
Solutions, p. 492): “It may safely be stated that every attempt 
which has been made to express the properties of any series of 
solutions by a simple expression agreeing, within the limits of experi. 
mental error, with the observed values throughout a wider range of 
concentration has been unsuccessful, and that because the solvent 
cannot be regarded as inert and only playing the part of so much empty 
space.” 

Results and Conclusions. 


1. The methods of standardising tubes for the measurement of 
viscosity have been discussed, and the values obtained for the 
viscosity of water by various observers have been critically examined 
and recalculated. 

2. The viscosity-concentration curves for aqueous solutions of 
sucrose have been traced at 18° and 25°. 

3. The values obtained for the density of lithium chloride solutions 
by previous observers have been compared and recalculated, and new 
observations added. 

4. Measurements have been made of the conductivity and viscosity 
of aqueous solutions of hydrogen chloride at 25°, and of lithium 
chloride at 18° and 25°. 

5. The figures obtained show that the connexion between viscosity 
and concentration is not accurately expressed, even within the limits 
of experimental error, by any of the various formule that have been 
suggested, but that the best concordance is obtained by the use of an 
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CCIL.—Studies on the Viscosity and Conductivity of 
Some Aqueous Solutions. Part II. Mixtures of 
Solutions of Sucrose and Lithium Chloride. 
A Contribution towards the Elucidation of the 
Connexion between Ionic Mobility and the Fluidity 
of the Solution. 


By W. Heper Green, D.Sc. 


From the work of Faraday, Hittorf, Kohlrausch, Arrhenius, and van’t 
Hoff, and, more particularly, from the direct measurements of ionic 
velocities in a jelly tube, we are driven to the conclusion that elec- 
trolysis is a kind of convection of the ions into which the solute 
molecules are more or less completely dissociated, and also that each 
ion carries with it a definite surplus or deficiency of electricity which 
is given up to the electrode under the influence of an electromotive 
force above a certain limit. 

Admitting therefore that these ions must be considered as moving 
through the solution under the influence of an electrical force, it 
follows that their velocity will be (a) strictly proportional to the 
potential slope between the electrodes, electrolytes obeying Ohm’s law, 
and (6) dependent on the frictional resistance offered by the medium, 
which for such small bodies must be relatively very large, and their 
normal velocity will be reached almost immediately, just as fine sand 
grains fall through water at a uniform speed. 

Such conclusions are independent of any theories as to the 
mechanism or completeness of ionisation, or as to any possible 
combination of the water with the solute molecules or ions; but the 
question arises whether this ionic resistance is identical with the 
ordinary physical or molar resistance as measured by Poiseuille’s 
capillary tube method. 

The relation between conductivity and fluidity has been studied by 
many experimenters, and their results may be summarised in the 
statement that, although there is, without doubt, a very close 
connexion between conductivity and fluidity, the difficulty of exclud- 
‘ng other influences has made it impossible to determine the exact 
hature of that connexion. 

The fact that a solidified jelly containing a salt in solution conducts 
ilmost as well as an ordinary aqueous solution of the same concentra- 
tion (their conductivities are as 85: 100, according to Arrhenius and 
Masson), and, further, that there is no sudden change in the conduc- 
lity at the moment when the jelly sets, as shown by 8. Arrhenius 


-—— 
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(Brit. Assoc. Rep., 1886, 344) and C. Ludeking (Wied. Ann., 1888, 37, 
172), indicates that in some cases at least the two fluidities (ionic and 
physical) are not identical ; indeed, in such cases they may be com- 
pared, on the one hand, to the passage of water through the interstices 
of a fine sponge, and, on the other, to the sponge itself being forced to 
flow through a tube in such a way that no circumferential slipping 
takes place. 

However, we find that many authors are inclined to assume a direct 


A — 
~ x fo as “ ionisation 


proportionality, and so quote the values of Fo 
0 n 


coeflicients.”’ 

Thus, Bousfield and Lowry (Phil. Trans., 1905, A, 204, 253), 
after pointing out that the viscosity of a 50 per cent. solution of 
sodium hydroxide is approximately seventy times as great as that of 
water, say: ‘‘ This increase of viscosity must produce a large effect on 
the ionic mobility ; the influence of this factor may be to some extent 
eliminated by dividing the molecular conductivity by the fluidity, and 
this ratio we have called the intrinsic conductivity of the solution.” 

This paper therefore describes an attempt to elucidate this question 
concerning the mechanism of conductivity, and it will be seen that, 
unless we are prepared to modify considerably our present day con- 
ceptions as to the ionisation of electrolytes, the evidence is strongly 
in favour of the velocities of the ions being approximately proportions. 
to the two-thirds power of the fluidity, the exact relation probably 
depending on the relative sizes of the ions themselves and of 
the average interstitial spaces between the molecules of the solution. 

The problem was attacked experimentally by adding a non-electrolyte 
to a solution of a good electrolyte so as to cause artificially a con- 
siderable decrease in the fluidity without materially affecting the 
ionisation of the salt. Simultaneous observations of both the con 
ductivity and fluidity were made. 

M. Wildermann (Zettsch. physikal. Chem., 1903, 46, 43) examined 
the influence of non-electrolytes on the degree of ionisation by means 
of the freezing-point method, and concluded that the addition o 
glycerol does not affect the ionisation of various organic acids. 

The method under discussion has been previously used to 4 
limited extent, notably by S. Arrhenius, Fawsitt, and Martin and 
Masson.* 

Arrhenius did not find that the conductivity was proportional to 
the fluidity, but his results for the more dilute solutions (less than 
10 per cent.) may be expressed by the formula A=A, (1 = 3H) 


a 


* The paper by Hartley, Thomas, and Applebey (Trans., 1908, 98, 538) % 
discussed on p. 2060. 
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where y is the volume per cent. of non-electrolyte added, and a is 
a constant depending on the nature of both the salt and the non- 
electrolyte. 

Fawsitt (Proc. Roy. Soc. Edin., 1903, 25, 51) studied the effect 
of additions of carbamide on the conductivity and viscosity of semi- 
normal solutions of hydrogen chloride, potassium chloride, and sodium 
hydroxide. 

In the case of potassium chloride and sodium hydroxide, it will 


be seen that “ is very nearly a constant, indicating that the effect, 


under these conditions, of adding small amounts of carbamide is 
roughly proportional to the fluidity of the resulting solution. 

The anomalous figures obtained in the case of addition of hydro- 
chlorie acid are probably due to the formation of carbamide 
hydrochloride. 


Preliminary Investigation. 


What may be regarded, for the purposes of this paper, as uw series 
of preliminary experiments is to be found in a paper by C. J. Martin 
and Orme Masson (Trans., 1901, 79, 707), who, while investigating 
the existence of certain complex ions, examined the influence of 
sucrose on the conductivities of solutions of, potassium chloride, 
hydrogen chloride, and potassium hydroxide. ‘They obtained evidence 
of salt formation in the last case, but with solutions of potassium 
chloride and hydrogen chloride no such complication occurred, and the 
diminution of conductivity may be fairly regarded as the effect of 
increased viscosity, with less possibility of disturbing influences than 
in any previous work on this subject. 

As no determinations of the viscosity of these solutions were then 
available, no attempt was made to draw any inferences, such as might 
otherwise have been done. We are now, however, in a position 
to compare their results with the fluidity of pure sucrose solutions at 
18°, which we may take as sufficiently correct for the purpose, as the 
viscosity effect of the small quantities of hydrochloric acid and 
potassium chloride present will be very small. 

Reference to the figures, shows that A does not vary directly as /, 
but to some function more nearly approximating to f?. The power 
055 has been found to give the best results for the experiments with 
hydrochloric acid, and 0°70 when potassium chloride was the salt 


experimented on, that is : 
Ay/Afo = ( fy. 


Jo 
The actual velocities of the ions could only be directly proportional 
‘0 the fluidity on the assumption that, apart from the viscosity effect, 
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the addition of sucrose to the solution so alters the dielectric constant, 
molecular association, or other physical property of the water as 
enormously to increase (to the extent of 400 per cent. in the most 
concentrated solutions) these ionic velocities. 

What few facts have been observed would tend to lead us to expect 
a directly contrary effect, and these experiments, and those about to 
be described, clearly disprove the popular idea that the conductivity 
(corrected for imperfect ionisation) is proportional to the physical 
fluidity of the solution. 


Scheme of Work. 


The method involved in the above experiments of Martin and 
Masson has been extended, more attention being paid to experimental 
details, so as to cover as far as possible all ranges of concentration 
with an accuracy of about 0:1 per cent. 

The salt chosen for the purpose was lithium chloride ; its extremely 
great solubility (enabling concentrations of up to 12°5.V to be readily 
obtained and worked with) making it especially suitable for the 
purpose. 

Although the halides of sodium and ammonium were found by 
C. H. Gill (Quart. Journ. Chem. Soc., 1857, 9, 269) to form crystal- 
line compounds with sucrose, lithium chloride did not enter into such 
a combination, which might possibly have caused complications 
similar to those observed in the experiments of Martin and Masson 
with sodium hydroxide. 

Concentrated solutions of lithium chloride are, however, open to the 
objection that they form complex ions, as shown by the observations 
of Hittorf and others on the migration constants, but this will not 
interfere with the deductions to be drawn from the behaviour of 
dilute solutions. 

As it was thought that possibly inversion of the sucrose might be 
brought about by the presence of the lithium chloride, with a con- 
sequent small alteration of the viscosity, a solution was kept for some 
weeks and examined by a polariscope, but little or no inversion could 
be detected, and the effect of such a source of error may be dismissed 
as negligible. 

This agrees with the observation of Bruner (Zeitsch. physikal. Chem., 
1900, 32, 133), that the hydrolysis of sucrose by lithium chloride is 
too small for measurement. 

Besides the experiments on pure solutions of lithium chloride and 
sucrose, described in Part I, mixtures of these substances in three 
different ratios were examined, the viscosity, conductivity, concentra- 
tion, and density being simultaneously observed for each solution. 
All observations were made at, or reduced to, 25-00°. 


n=" 
a C0 
lithi 
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LiCl molecules n 0-05 
C,,H..0;, molecules V~- 

A mixture was made up in which » (for LiCl)=0-1 gram-mol. per 
litre of solution and JN (for sucrose)=2°0; this was diluted in 
successive stages until the conductivity could no longer be satis- 
factorily measured. 


In series A, the ratio 


LiCl molecules _ 
G,,H,,0,, molecules“ W~°- 
The original mixture was n=1°0 and V=2°0, and was diluted 
similarly to the solutions in series A. 
LiCl molecules 
C,,H,,0,, molecules — 
In this series, the strongest solution obtainable was approximately 
n=7-0 and V=1-4, for the presence of sucrose necessarily displaced 
a considerable part of the water required for the solution of the 
lithium chloride. The viscosity of this mixture was, however, con- 
siderably greater than that of any solution in either of the other 
series. 
Pesides these three series, we have, at the one end, solutions of pure 


In series B, the ratio 


In series C, the ratio 5:0. 


: i . 
sucrose for which the ratio | a 0, and, at the other end, solutions of 


pure lithium chloride for which the ratio v= 2. The details of these 


latter experiments are set out in Part [. 

The concentration of each solution examined was determined by 
one or more of the following methods : 

(i) by titration. It was found that the presence of sucrose does not 
interfere with the titration of lithium chloride by a decinormal 
solution of silver nitrate, using potassium chromate as indicator. 

(ii) from the preparation of the solution: either from the weight of 
original substances taken or from the strength of previous solution, 
each dilution being quantitatively controlled. 

(iii) conversely to (ii): from strength of solution obtained by 
further quantitative dilution. 

(iv) from determination of density. For each series a smooth 
curve was drawn through the points obtained by plotting s- ce 
against », and this constituted a valuable check on the work, especially 
for the stronger solutions. 

As an example, the concentrations given by the various methods 
available for series C' are shown in table I. 

The same materials and apparatus were used for measuring the 
density, fluidity, and conductivity of the mixtures as had been 
previously used in the case of the pure substances. 
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TaBie I. 


Calculation of Normality of Lithium Chloride in each Solution, 


— LiCl molecules n 
Series C: — Cc mesons on onneelk 
C,,H,.0,, molecules NV 
From 
By titration By preparation normality Adopted 
with from stronger of diluter From value 
N/20-AgNOg. solution. solutions, density. of nx. 
I. 7°218 — -—— 7°194 7°218 
Il. — — 6°850 6°858 6°850 
III. a 5802 5°832 5°833 5832 
IV. 5°054 5°028 5°054 5°054 5054 
V. — 4°175 4°175 4°172 4175 
¥E. 3°349 3°349 — 3°346 3°348 
VI. 3°261 — 3°261 3°263 3°261 
VIII. 2°471 2°471 — 2°473 2°471 
IX. — _ 1°834 1°833 1°833 
} x 1°2578 — 1°2630 1°2588 1°2583 
XI. 0°6855 0°6826 0°6872 0°6856 0°6856 
XII. 0°3983 0°3982 0°3972 0°4005 0°3983 
XIII. -— 0°2466 0°2459 — 0°2463 
XIV. 0°1273 0°1277 0°1281 — 0°1279 
XV. ao 0°06058 0°06093 os 0°06085 
XVI 0°03722 0°0370 — — 0°03720 
XVII 0°01123 0°01113 — — 0°0112 
Fic. 1 
24 meena: Tiietinids (dis } 
_—: Bs ee See ieee 
‘ws Pe - = aK a 
A in 
) eee aa) a” clin ames ana ti — TN t j 
| | 
: WA | | ne, 
. A ear we NK | 
x Specific ~ConouctiviTy | ie 
5 —|T TF solutions of SUCROSE in mailed mee 
{ | im dishiled water | } 
'Z = — t ” —_ = | 
| Pr ft | 
| 
guU——i——--— ~—1- , 
0 0°4 0°8 1°2 1°6 2°0 


N. 


Series A was the first set of mixtures of sucrose and lithium chloride 
to be examined, and a fresh series of solutions was subsequently 
prepared and the measurements repeated, a low resistance cell (of the 
Arrhenius type with two movable electrodes) being used for the 
conductivity determinations, 
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The observed conductivities were corrected by subtracting from 
them the conductivities found for the same concentrations of the 
sucrose alone, but, except for the weakest solutions, the corrections so 
made were insignificant. 

Table Il gives the observed conductivities of a series of sucrose 
solutions at 25°0°, and the general form of the curve (see Fig. 1), 
obtained by plotting the specific conductivity against the concentration, 


Fig. 2. 
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is similar to those cases in which conducting salts have been added to 
the sucrose solutions. 

The residual conductivity shown by these solutions is probably due, 
uot only to the small quantities of impurities present, but also to the 
small, but finite, ionisation of the sugar molecule itself, “ for. it is 
quite certain that sucrose is to be regarded as an extremely weak 
acid” (Martin and Masson, loc. cit.). 
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TABLE II. 


The Conductivity of Solutions of “ Brewers’ Crystals” (Swerose) in the 
Distilled Water Used. 


O= 25°00", 


A x 108 A x 10° (from 

N. Da5-0>. (observed). smoothed curye), 

2-() 56,000 8°43 &°4 

1‘8 . 10°8 

1°6 34.500 13°7 137 

1°4 — 16°3 

1°2 25,000 18°9 18° 

1°0 22.700 20°8 20°8 

U'S 22,500 21°0 21°0 

O'b 20,600 ( ) 22° (?) 19°9 

ord 19°0 

O04 27,000 17°5 cy fhe | 

0-3 16°] 

Orv $4,200 13°77 13°8 

O'l 17,000 10°05 10°0 

O04 6'2 

0°02 105,000 4°54 4°5 
Distilled water 175,000 2°70 2°7 


EXPERIMENTAL. 

The details of the experimental results obtained for pure lithium 
chloride, and for each of the three series of mixtures of sucrose and 
lithium chloride, solutions are given in the accompanying tables and 
plotted in Fig. 2. 


Tas.eE ILI. 


Fluidity and Conductivity of Solutions of Mixtures of Lithium 
Chloride and Sucrese. 


6 = 25°00". 


oad LiCl molecules n ' 
Serles A: —_—__—_——— = —_=('00d. 
C,,H,,0,, molecules A 
Con- 
ductivity 
cell used, 4, n. Fr. Ax 10. A/fx10,  A/Ay=2. 
Il. 099712 0 111°67 = re 1000 
II). 099982 0001005 109°65 11112 10134 0-995 
Lid. 1:00246 0002012 107 65 10862 10090 Q°9915 
Ils. 1°01044 O°005020 101°9] 1°0250 10058 | 0-987 
Lie. 1°01055 0°005105 101°77 1°0205 10028 | ‘a 
l. 102352 0°00996 93°26 0°9420 10100 
11d. 102368 001002 93°16 0°9380 10070 - 983 
ile. 10238 0°01006 93°01 0°9378 1°0083 \ 
Ile. 1-02416 01020 92°79 0°9359 10086 ) 
Lu. 102728 001517 83°96 0-8612 10259 0-984 
I. 104981 001992 76°38 0°7947 10404 | 9-981 
Ila. 1°05064 0°02024 75°80 0°7902 10424 


4 the 
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TaBLeE III (continued). 
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Fluidity and Conductivity of Solutions of Mixtures of Lithium 
Chloride and Sucrose. 


Con- 
ductivity 
ell used. d?/4, 
. 1°07631 
Ila. 1°07693 
I. 1°10192 
Ila. 1°10324 
IIa. 1°12436 
1. 112791 
Ile. 1°12821 
Ild. 1°12850 
I. 1°15402 
Ila. 1°15408 
Ilu. 117716 
I. 1°17909 
i 1°20428 
Ila. 1°20448 
IIb. 1°22604 
3 1°23040 
Ila. 1°23044 
ILA. 1°25253 
1°25475 
Ila. 1°25546 


nN. 


0°03001 
0°03025 
0°03982 
0°04032 
0°04846 
0°04982 
0°04994 
0°05005 
0°05994 
0°05996 
0°06896 
0°06972 
0°07960 
0°07968 
0°08822 
0°08995 
0°08995 
0°09875 
0°09963 
0°09992 


A Ax 10. 
60°63 0°6704 
60°10 0°6631 
47°27 0°5522 
46°53 0°5501 
36°85 0°4659 
35°67 0°4517 
35°575 0°4480 
35°55 0°4508 
25°945 0°3612 
25°85 0°3619 
18°833 0°29135 
18°278 0°28485 
12°325 0°2182 
12°318 0°2195 

8°463 0°1713 

4442 0°1608 

7°722 ; 

4°952 071208 

4°688 0°11503 

4°599 0°11288 


TaBLe LV. 


Alf x 10°, 
"1056 
1036 
"1682 
"1821 
2643 
‘2663 
"2593 


~ 


"2683 
*3922 
"4000 
*5470 
"DOSS 
7704 
7827 
"0245 
077 


Pe 


Ss) bt bo 
= 
vs 
on 


to tok 
= 

en &r Ce 
ore 6 


A/Ay =—wW. 
0 
0 


984 
0: 


( 


J 
): 
0°9775 
O's 

: 


\ 
J 
\ 
J 
l 
\ 
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-~0°975 


Fluidity and Conductivity of Solutions of Mixtures of 
Lithium Chloride. 


6 = 25°00°. 


Series B: 


dh, n (corrected). 
0°99712 0 
1:00003 0°01000 
1:00296 0°02016 


1" 
1° 
1: 
1: 
1° 
1 
he 
i* 
l° 
1° 
1 


01168 0°0500 
02600 0°1000 
05456 0°1998 
08258 0°2989 
11142 0°4003 


13607 0°4890 
16614 0°5975 
19389 0°7000 
22086 0°7990 
24790 08982 


27504 1°0004 


LiCl molecules 
C,,H,.0,, molecules 


Fs 
111°67 
109°98 
107°74 
101°42 

91°52 
73°65 
57°75 
43°53 
33°22 
22°65 
15°305 
9°820 
5°865 
3°219 


Ax 10. 
1°0815 
1°0356 
0°9560 
f0°8432 
0°8459 
0°6930 
0°5674 
0°4618 
0°3795 
0°2926 
0°2228 
0°16565 
0°11763 
0°07901 


= > = 05, 


N 
A x 103/f. 


0°9875 
0°9640 
0°9446 
0°9214) 
0°9243 J 
0°9424 


2°0076 


2°4573 


A/Ay az Z. 


1°090 
0°9655 
0°944 
0°926 
0°8975 
0'880 
0°8655 
0°864 
08605 
0°8655 
0°859 
0°8575 
0°860 
0°86] 
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TABLE V. 


Fluidity and Conductivity of Solutions of Mixtures of Lithium 
Chloride and Sucrose. 
6=25°00°. 
LiCl molecules _ 


Heries Ci —— 
(' 


eve ttc nae _=_=5°0. 
C,,H,.0), molecules WV 


TA, n (corrected). FS Ax 10. A x 103/f. A/As=z. 
0°99712 0 111°67 -- — 1°000 
0°99778 0°01118 111°26 1°070 0°9618 0°944 
0°99913 0°03720 110°30 1°016 0°9211 0°904 
1:°00036 0°06085 109°45 0°9860 0-9009 O°885 
100368 0°1279 107 °05 0°9398 0°8780 0°8635 
100983 0°24638 102°94 0°8701 0°8453 0°83] 
1°01755 0°3983 97°90 0°8035 0°8207 0°8045 
1°03188 0°6856 89°13 0°7170 0°8045 0°7795 
1°06016 1°2583 72°97 0°5883 0°8062 0°7525 
1°08798 1°833 58-60 0°4851 0°8278 0°732 
1°11839 2°471 44°84 0°3876 0°8643 0°710 
1°15520 3°261 30°96 0°2863 0°9247 0°6825 
115914 3°348 29°535 0°2762 0°9352 0°680 
1°19702 4°175 18°51 0°19105 1°0320 0°649 
1°23692 5°054 10°062 0°1199 1°1917 0°6115 
1°27200 5°832 §°121 0°07221 1°4101 0°578 
1°31778 6°850 1°601 0°03174 1°982 — 
1°33258 7°218 0°942 0°02329 2°473 — 


Tas.e VI. 
Fluidity and Conductivity of Solutions of Pure Lithium Chloride. 


6=25:00°. 
_ LiC! molecules n 
Bestest £5: qnqgeg eee =—=@ 
C,,H,,0,, molecules 

n. q/4, J, Ax 10. A/fx108. A/Ay=z. 

0 0-99712 111°67 _ — 1-000 

0700625 0°99727 111°57 1°093 0°9796 0°961 

0°0125 0°99743 111°48 1°065 0°9553 0°937 

0°025 0°99774 111°28 1°0436 0°9377 0920 
0°05 099836 110°90 0°9990 0°9007 0°8845 
0'1 0°99960 110°16 0°9634 0°8745 0°8575 
0°2 1°00206 10870 0°9110 0°8381 0°821. 
0°5 1°00929 104°35 0°8228 0°7885 0°7745 

1°0 1°02102 97°46 0°7312 0°7501 0°735 

1°5 1°03247 90°98 0°6710 0°7374 0°717 
2°0 1°04372 84°87 0°6163 0°7261 06985 
3°0 1°06582 73°64 0°5258 0°7138 0°6665 

4°0 1°08732 63°65 0°4476 0°7032 0°635 

5°0 1°10862 54°59 0°3785 0°6920 0°601 

6°0 1°12972 46°27 0°3170 06850 0°568 

7°0 1°15084 38°60 0°2604 0°6745 0°531 

80 1°17200 31°55 0°2105 0°6673 0°d95 
9°0 1°19314 25°28 0°16725 0°6618 0°4595 
10°0 1°2142 19°75 0°13225 0°6695 0°4305 
11°0 1°2354 15°07 0°10395 0°6898 0°4058 

12°0 1°2566 11°42 0°08149 0°7135 0382 
12 25 1°2671 10°G07 0 07218 0°7213 03690 


um 


ride. 
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It might be objected that A or . for each series should have been 


plotted against the concentration of either the lithium chloride or the 
sucrose, instead of against the fluidity, as has been done, but the 
various curves would not then have been so readily comparable, nor 
their whole range so nearly completed, as has been possible, but in any 


case it is obvious that in no set of solutions does — vary directly as //, 
x 


although the effect of a, the ionisation factor of the salt, being unknown 
must to some extent obscure the question at issue. 

As, for any given fluidity, there are four solutions each containing a 
different ratio of lithium chloride to sucrose molecules present, it 


. , A , : 
is possible to construct a curve by plotting 7 against which, 


n 
; n+N’ 
passing through these four points, can be accurately extrapolated to 


the axis where ie is zero. This operation can be repeated for as 
n 


a 


many different fluidity values as we please, and thus we may obtain a 
, A . , ae 
series of values of — for solutions of various fluidities (and therefore 


sucrose concentrations), but of infinite dilution as regards the lithium 
chloride. 

In order to eliminate errors much exceeding one part per thousand 
in these final results, it was necessary to plot various more or less 
complex functions; thus, in the extrapolation to infinite dilution, 
the complex quantity log. 4 —— : was plotted against —"_. 

SS n+ n+ NV 

Thus the effects of incomplete ionisation are eliminated, and the 
dependence of conductivity on viscosity, with a minimum of other 
interfering influences, can be examined. 

The numerical values are given in table VII, and plotted as curve XY 
in Fig, 2. 

It will be observed that A is by no means proportional to /, but more 
nearly to /’", although even when /=0 the values of A do not appear 
to extrapolate to a zero value. This is especially noticeable in series 


. n ~ ° ° 
(for which y= 5s and where some extremely viscous solutions were 


4 


examined, 


* Dividing A by f°7 has brought the various curves closer together, so that they 
could all be plotted on the same sheet, and using the logarithm ensures an equal 
percentage accuracy throughout ; the second term merely alters the slope of the 
carves, making them more nearly horizontal and permitting an increased magnifica- 
‘ion of the seale used in plotting. 
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Tasie VII. 


Extrapolation of the Conductivities of Mixtures of Sucrose and 


Lithium Chloride to the Ratio **C! 0, 


Sucrose 


The conductivities in each series corresponding with the fluidities of 


solutions containing “.V” gram-molecules of sucrose only are as 
follows : 
‘ - 2 6 
+ +O ‘ 2” + & LiCl +o C19H400,,. 
5.3 5 = 5 — oO Extrapolated se m sin which 
Sucrose “3 a = "30 n[N= 
n=O. cy <1 <4 a 
=_—ooOo nJ[N=0.n/N=5. n{/N=}. n/N=%. Ao/f A,/f" 
N i. Ax10% Ax108 Ax10% Ax10% Ayx10% x 108 x 108. 
0 111°67 — —- — — 114°0 _ — 
0°02 109°75 94°6 99°7 107°5 111°2 111°84 1°019 4°169 
0°05 107°00 87°0 93°75 102°5 107°85 108°85 1017 4°132 
0°1 102°40 79°15 86°15 96°0 102°9 104°15 1°017 4078 
0-2 93°42 69°0 756 86°1 94°15 95°80 1°025 4-000 
0°4 76°43 54°85 61°5 71°45 79°5 81°05 1°060 3°895 
0°6 61°06 42°73 50°25 59°3 67:1 68°67 1°125 3°862 
0°8 47°51 32°55 40°60 49°1 55°6 56°85 1°197 3°81l 
1°0 35°91 24°15 32°25 40°20 45°50 46°62 1°298 3°802 
1°2 26°28 17°41 25°15 32°30 36°54 37°38 1°422 3°793 
14 18°57 12°48 19°15 25°45 28°83 29°50 1°588 3°815 
1°6 12°54 8°86 14°20 19°50 22°20 22°72 1°812 3°870 
1°8 8°017 — 10°08 14°45 16°45 16°83 2°099 3920 
2°0 4°826 -- 6°91 10°35 11°77 12°02 2°490 3°993 
niat+N aniat+ N ni[n+N n/n+N a =e 
=i =0°833 =0°3383 =0°0475 ajn+N=0 


Hartley, Thomas, and Applebey (/oc. cit.) have recently measured 
the effect of additions of pyridine on the conductivity and viscosity of 
dilute solutions of lithium nitrate, and their results are of especial 
interest in this connexion. 

They have interpreted their results and calculated the ionisation 
coefficients of the lithium nitrate on the assumptions: (1) that Stokes’ 
theorem can be applied to bodies of molecular size, and consequently 
that ionie mobility is proportional to physical fluidity ; (2) that each 
ion is accompanied by an aqueous envelope ; and (3) that the diameter 
of this envelope varies with the percentage of pyridine present, but 
not appreciably with the non-ionised lithium nitrate in the solution. 

Before accepting the conclusions of these authors, it must be borne 
in mind that: (1) it is extremely doubtful whether Stokes’ theorem 
holds good where the moving body is of the same order of dimensions 
as the particles of the medium, and, further, the experiments described 
in this paper indicate that the ions will still have some mobility even 
when the fluidity of the solution as a whole has become zero ; (2) the 
assumption of the existence of an aqueous envelope around each io 
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rests on very indefinite evidence, and is difficult to reconcile with the 
conductivity of solidified jellies and similar phenomena ; and (3) the 
lithium nitrate, in so far as it is non-ionised, is as essentially a part of 
the solvent as the pyridine or the water, and therefore its presence 
must affect the nature and size of the envelopes, if such, indeed, do exist. 

The peculiar physical properties of pyridine mixtures, and the small 
variation of viscosity observed, whilst rendering the results obtained 
of interest in other directions, indicate a serious drawback to its use 
as a means of testing the connexion between ionic mobility and 
physical fluidity. Sucrose, on the other hand, has been chosen as 
especially suitable, both on account of its enormous effect on the 
viscosity (a 2N-solution has only about 4 per cent. of the fluidity of 
pure water) and on account of the comparative simplicity of its other 
physical properties. 

Disearding, for the time being, the theory of aqueous envelopes, my re- 
sults afford another method for the calculation of ionisation. coeflicients. 
[f we compare the conductivity (A) of a pure lithium chloride solution 
with the conductivity (A,) of a solution infinitely dilute with respect to 
its lithium chloride content, but which contains sufficient sucrose to 
give it the same fluidity as the first solution, then the coefficient of 
ionisation should be given by Bios. 

i 

This caleulation has been made for pure lithium chloride and also 
for the various mixtures of lithium chloride and sucrose examined, and 
the results have been tabulated in the last columns of tables ILI—VI 
and plotted in Fig. 3. 

Comparison of the curves seems to show, assuming that the mobility 
effect has been eliminated, that the addition of sucrose enormously 
increases the ionisation of the lithium chloride. But such a conclusion 
is unnecessary, for if we regard each ion as an independent particle 
threading its way between the molecules of which the solution is com- 
posed, then mobility at any instant will not depend on the fluidity of 
the solution, but on the possibility of the ion finding a pore-space 
through which to pass the section of liquid immediately in front of it, 
and this, if the dimensions of the ion compared with the pore-spaces 
be negligible, will be proportional to the two-thirds power of the total 
free space per unit-volume of solution. If the ionic sizes be larger or 
the interstitial spaces smaller, then a higher and varying power will 
be required to express the relation between them. 

Consequently, neither the method used by Hartley, Thomas, and 
Applebey nor that detailed above can be expected to give the true 
ionisation-coefticients, for the ionic mobilities in solutions of the same 
fluidity will vary according as the viscosity is mainly due to lithium 
salt, sucrose, or pyridine. 
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Whilst the exact connexion between the fluidity and the structure 
of a liquid is unknown, these ideas cannot be tested quantitatively, 
but they are in qualitative agreement with the experimental results 
collected in table V LIT. 


Fic. 3. 
10-——— - . 
ja lA | | COEFFICIENTS oF IONISATION 
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TABLE VIII. 


Summary of Results Obtained with Different Electrolytes and 
“ Viscosity-producers.”’ 


| Function of fluidity 


Non-electrolyte approximately 


Experimenter. Electrolyte. used to 


increase viscosity a+“ 
; aoe si mohility. 

or ' fHcl Sucrose Fei 
Martin and Masson.. KCl | : om As 
as eee LiCl ” eg 1odi 
Massoulier* ......... CuSO, Glycerol is ? 
ae | (NaOH Carbamide (dilute | e alre 
\ KCl solutions) J was 

Hartley, Thomas, Lino, {| . Pyridine 

and Applebey...... f “3 (up to 65 per cent.) | f) to fi base 
are 
* Compt. rend., 1900, 180, 773. iodic 
of d 
Summary. chen 
1. Measurements have been made at 25° of the conductivity and been 
viscosity of aqueous solutions of three series of mixtures of lithium the 
chloride and sucrose, in which the ratio LiCl molecules : C,,H».% disse 


fr 


molecules was 1 :0°2, 1: 2:0, and 1 : 20 respectively. 


‘ture 
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2, By extrapolation from the results for the above mixtures, the 
conductivity and viscosity values were calculated for a series in which 
the ratio LiCl molecules : C,,H,,0,, molecules was 1: ©. In this way, 
the variations in the ionic mobilities at infinite dilution of the salt, 
concomitant with change of fluidity due to the presence of sucrose in 
solution, were rendered free from some, if not all, disturbing factors. 

3. The ionic mobility is not simply proportional to the physical 
fuidity of the solution, but more nearly to the two-thirds power in 
the case of lithium chloride and sucrose; with other ions and other 
viscosity-producing molecules, the exact function varies, and presumably 
depends on the relative molecular sizes. 

4, No trustworthy method has as yet been established whereby 
the true ionisation-coeflicients of a salt in solution can be determined. 


My best thanks are due to Prof. Masson, not only for many valuable 
suggestions, but also for the great interest he has shown throughout 
these investigations. 

CHEMICAL LABORATORY, 
THe UNIVERSITY, 
MELBOURNE, 


CCIV.—The Formation of Polyiodides in Nitrobenzene 
Solution. Part IV. The Electrolytic Dissocvation 
of the Polyiodides of the Alkali Metals and 
Ammonium Radieles. 


By Harry Meprortn Dawson and Cotin Gyrtn Jackson. 


As a result of the investigation of the distribution of iodine and 
iolides between water and nitrobenzene, an account of which has been 
already published (Dawson, Trans., 1908, 93, 1308), the conclusicn 
was drawn that soluble polyiodides of the alkali metals and ammonium 
bases, represented by the general formule MI,, M1,, MI,, and MLI,, 
are formed in nitrobenzene solution as the proportion of iodine to 
iodide in such solutions is gradually increased. From the phenomena 
of distribution a considerable amount of information relative to the 
chemical dissociation of the polyiodides was obtained, and this has now 
been supplemented by the investigation of certain physical properties, 
the results of which throw a good deal of light on the electrolytic 
dissociation of the polyiodides in nitrobenzene solution. 

In particular, measurements have been made of the freezing 
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temperatures and of the electrical conducting powers of polyiodide 
solutions. Further, from density determinations, numbers have beep 
obtained which represent the molecular solution volume of the dis. 
solved polyiodides, and from transport measurements it has been 
possible to calculate the relative velocities of certain ions in nitro. 
benzene solution. 

Preliminary mention should be made of the fact that, in certain 
cases, it has been found more convenient to make up solutions for 
comparison in such a way that they contain equimolar quantities 
of dissolved substance in unit volume of the solvent, instead of, as 
is more usual, in unit volume of the resulting solution. Such solutions 
are not “molar” solutions in the ordinary sense of the word, and when 
this method of preparing comparable solutions has been used, special 
reference will be made to the fact. When very dilute, the two series 
of solutions are, of course, practically identical. 


Freezing-point Measurements. 


In the first part of the paper, an account of the results of freezing- 
point determinations will be given. 

The use of nitrobenzene as a solvent for eryoscopic measurements 
presents certain difficulties. Augustin (Diss., Leipzig, 1908) found 
gradually decreasing values for the freezing-point constant when succes- 
sive quantities of benzil were added to freshly-distilled nitrobenzene. 
This observation has been explained by Beckmann and Lockemann 
(Zeitsch. physikal. Chem., 1907, 60, 385) as being due to the gradual 
absorption of water by nitrobenzene (compare also Hansen, ihid., 1904, 
48, 593), and these observers showed that the freezing-point constant, 
which is less than 70 for moist nitrobenzene, increases to more than 8! 
when perfectly dry nitrobenzene is used as a solvent. On account of 
this circumstance, considerable care must be exercised when nitro- 
benzene is used for molecular-weight determinations. 

In the experiments to be described, we endeavoured to eliminate 
the influence of absorbed water by making comparative experiments 
on series of solutions, all of which were made up from the same sample 
of nitrobenzene which had been exposed to the air for several days. 
The solutions were prepared in exactly the same manner, and were 
kept in well-fitting stoppered bottles up to the moment at which they 
were introduced into the freezing-point apparatus. This consisted of a 
cylindrical tube, fitted with a perforated stirrer, which could be 
rotated rapidly about a vertical axis round the Reckmann thermo 
meter, and, further, with a short side-tube, in which was inserted 
a glass rod carried by a cork closing the tube. By removing the 
glass rod, bringing it into contact with a small quantity of solid 
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nitrobenzene cooled to — 20°, and quickly replacing it, crystallisation 
could be at once induced when the desired degree of supercooling had 
been obtained. Precautions were taken to ensure that the rate 
of rotation of the stirrer and the degree of supercooling were the 
came in all the experiments of a series. 

Solutions containing 9-1 molar quantities of iodine and potassium 
iodide, corresponding with the formule KI,, KI,, KI,, and KI,, 
per litre of nitrobenzene were prepared, and the freezing points of 
these, as well as of the nitrobenzene used as solvent and an equi- 
molar solution of iodine, were then determined. On the following 
day, the freezing points of the various liquids, which had in the 
meantime been stored in the stoppered bottles already referred to, 
were again determined. Table I gives the two series of freezing-point 
depressions, the means of the corresponding values, and the relative 
depression with reference to the iodine solution which may be regarded 
as the standard. 


TABLE I. 
Freezing-point Mean Relative 
Solution. depressions. depression. depression. 
“See “0-567 0°575° O-571° 1:00 
| REE IE 1°036 1°027 1°031 1°80 
_ SE rerees 1-088 1°075 1°082 1°90 
TU nnaine exmenis xs 1274 1°291 1°282 2°25 
nS 1°572 1°557 1°564 + 2°74 


A second set of determinations made with specially prepared 
solutions gave the following series of values for the relative freezing- 
point depressions: 1, 1°85, 1°90, 2°27, and 2°71, whilst a third set 
of experiments gave the series: 1, 1°84, 1°90, 2°25, and 2°70. The 
mean values are recorded in table IT. 


TaBLe II. 
Relative Freezing-point Depressions of Polyiodide Solutions. 


I,. KI,. KI,. KI,. KI). 


1 1°83 1°90 2°25 2°72 
. 

The figures in the table may be regarded as representing the 
numbers of molecules in the various polyiodide solutions relatively 
to the number in the equivalent iodine solution, for which the 
‘ryoscopic behaviour has been shown to be normal, the molecular 
weight corresponding with the formula I,. Now the concentration 
ot the free iodine in 0-1 molar solutions of the polyiodides has been 
determined by distribution measurements (loc. cit.) ; the values for 
the tri-, penta-, hepta-, and ennea-iodide solutions at 18° are 


" i> | 
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0:000016, 0:0050, 0°043, and 0103 mol. per litre respectively, 
For the freezing-point measurements, solutions containing 0°] molar 
quantities of the polyiodides per litre of nitrobenzene were used, ani 
for these the free iodine concentrations are slightly smaller, namely, 
0000016, 0:0049, 0:042, and 0°100 mol. per litre respectively. It js 
assumed here that the chemical dissociation is practically the same 
at the freezing points of the solutions as at 18°. According to these 
figures the chemical dissociation of the tri-iodide is negligibly 
small, and the relative freezing-point depression of 1°83 must 
be attributed to electrolytic dissociation, the extent of which, 
according to the equation a=i-—I1/n-—1, is 83 per cent. The 
tri-iodide is therefore very considerably ionised, and this result 
is in agreement with the high electrical conductivity of the 
solution. 
The chemical dissociation in the penta-, hepta-, and ennea-iodide 
solutions is far from negligibly small, and it remains to be seen 
whether the calculated concentrations of free iodine are such as 
will explain the greater freezing-point depressions observed in the 
case of these solutions. Assuming that the degree of electrolytic 
dissociation is the same in the several polyiodide solutions, the 
relative freezing-point depressions, calculated on the basis of the 
above values for the free iodine concentrations, are for the penta. 
hepta-, and ennea-iodide solutions: 1°88, 2°25, and 2°83, whereas the 
observed values are 1°90, 2°25, and 2:72. By taking the chemical 
dissociation into consideration, it is therefore possible to account 
satisfactorily for the greater freezing-point depressions of the higher 
polyiodide solutions when the several polyiodides are assumed to be 
equally ionised. 
In order to obtain confirmatory evidence of the general agree- 
ment between the results of freezing-point and distribution measure- 
ments, and to test the conclusion drawn in the previous paper, that 
the chemical dissociation of the polyiodides is independent of the 
contained alkali metal or ammonium radicle, a second series of 
freezing-point determinations was carried out with solutions of 
tetramethylammonium polyiodides. The relative freezing-point 
depressions in table III represent the mean values obtained in two 
series of experiments, and the calculated values for solutions of the 
penta-, hepta-, and ennea-iodides are based, as before, on the assumption 
that the degree of electrolytic dissociation of these is the same as that 
of the tri-iodide. 
Tasee ITI. 
0'1 mol. per litre nitrobenzene ...... I, | NMe,!. NMe,I;. NMe,l;. NMI, 


Relative freezing-point depression ... 1 177 1°89 2:20 265 
Calculated relative depression ......... —~ — 1°82 219 = 24 
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The agreement between the observed and calculated values is 
not so good as in the case of the potassium polyiodide solutions, 
but it is sufficient to indicate that, in genaral, the increase in 
the freezing-point lowering which is observed on passing from 
the penta- to the ennea-iodide solution can be approximately 
accounted for by the increase in the extent of the chemical 
dissociation. 

In both the above series of measurements, a comparison of the 
simple iodide with the polyiodides was impossible by reason of the 
insolubility of the iodide in nitrobenzene. This comparison appeared 
to be of considerable interest, and, since tetrapropylammonium iodide 
dissolves readily in nitrobenzene, it was possible to compare the 
freezing points of corresponding solutions of iodine, tetrapropyl- 
ammonium iodide, and the tri-iodide. As in the previous series, the 
solutions were made by dissolving 0°1 molar quantities in a litre 
of nitrobenzene, and the freezing-point depressions, obtained from two 
independent series of experiments, were found to be in the ratio 
1:135:1°68. It is evident that the freezing-point lowering for the 
tri-iodide solution is considerably greater than that for the equivalent 
vlution of the iodide, and, since the chemical dissociation of the 
tri-iodide is negligibly small, this can only be referred to a difference 
in the extent to which the iodide and tri-iodide are electrolytically 
dissociated. The two lowerings correspond with 35 and 68 per cent. 
ionisation for the iodide and tri-iodide solutions respectively. 

Corresponding with the much greater osmotic concentration, it 
was anticipated that the electrical conductivity of the tri-iodide 
solution would be greater than that of the solution of the iodide. 
Qn examination of the two solutions, the specific conductivities at 
18 were found to be 12°73x10-* and 16°29 x 10-* for the iodide 
and tri-iodide respectively. The tri-iodide solution is therefore, as 
anticipated, a much better conductor than the corresponding solution 
of the iodide. 


Electrical Conductivity Measurements. 


The fact that nitrobenzene solutions of the polyiodides are good 
electrical conductors has been already indicated in a previous paper 
(Dawson and Gawler, Trans., 1902, 81, 524). From the few 
measurements made at that time, it was not possible to draw any 
general conclusion beyond that the molecular conductivity increases 
with the dilution. The results of a series of comparative measure- 
ments of the conductivities of solutions of the polyiodides of the alkali 
uetals and certain ammonium bases are, however, now available. 
Special experiments showed that the conductivity of a given solution 
depends to a small extent on the quantity of absorbed water, but, 
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since comparative measurements only were required, no attempt was 
made to determine the conductivities in perfectly dry nitrobenzene, 
and the solvent used consisted of nitrobenzene which had bee 
exposed to the atmosphere of the laboratory for several days, |p 
table IV the specific conductivities of solutions are recorded, which 
correspond with the formule MI,, MI,, MI,, and MI,, and contaiy 
0'1 mol. polyiodide per litre of nitrobenzene. 

In general, these solutions were prepared by weighing out 
corresponding quantities of iodide and iodine into stoppered bottles, 
and adding from a burette the amount of nitrobenzene required to 
give solutions of the requisite concentration. On the other hand, 
the tri-iodide solutions of sodium, potassium, rubidium, cesium, 
ammonium, and tetramethylammonium were obtained by saturating 
a previously prepared iodine solution with the respective iodides, 
solubility determinations having shown that these saturated solutions 
correspond almost exactly with the tri-iodide formula. 


Tasie IV. 
Specific Conductivities of Polyiodide Solutions.  «'10*. 

Todide. MI,. MI,. MI,. Ml,. 
i See en 22°50 22°47 21°68 21°20 
ee eer 23°30 22°25 21°22 20771 
eee 23°38 21°47 20°88 20°28 
2 Sp cener 22°65 21°37 20°41 19°88 
OE oe 22 94 21°10 19°96 19°38 
NMe,I ......... 21°03 19°77 19°04 18°51 
ME actad-n bxeane 20°74 18°89 18°05 17°58 
_* ee 19°36 18°04 am sat 
jo S eerre 16°29 15°14 14°60 14°31 


It will be observed that the numbers in the last three columns 
decrease regularly from the top to the bottom of the table, and this 
relationship has determined the order in which the various iodides are 
arranged in the table. beti 

The conductivities of the first five tri-iodide solutions, which, as iodi 
already mentioned, were prepared by saturating a nitrobenzene solution poly 
containing 0°1 mol. iodine per litre of solvent with the respective J the 
jodides, do not follow the same order. It was naturally supposed that J on | 
this difference in order might be due to differences in the solubility @ dim 


of the iodides in nitrobenzene, and information was sought by measure iner 
ment of the conductivites of the solutions obtained by agitating the II 
finely powdered iodides with nitrobenzene at 18° for about twenty-four base 
hours. In the first series of experiments, a sample of freshly J alo 
distilled nitrobenzene was used, whereas that employed in the J dit 


second series was obtained from the stock bottle containing nitro how 
benzene which had been exposed for some time to the air. There cit hat 
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be no doubt that the latter sample contained a larger proportion 
of absorbed water, and, as might be expected, the conductivity values 
for the second series of solutions are greater than those for the first, 
corresponding with the greater solubility of the iodides in moist nitro- 
The two series of values are recorded in table V. 


benzene. 
TABLE V. 
Specific Conductivities of Saturated Solutions. «°10*. 
NHgI. Nal. KI. CsI. NMe,I. RbI. 
Series] ... 0°075 0°16 0°19 0°24 0°27 0°29 
. Sale O'll — 0°26 0°39 -- 0°40 


” 


These conductivity values are far too small to account for the differ- 
ence in the sequence of the iodides which is found when the con- 
ductivities of 0°1 molar solutions of tri-iodide, prepared as described, 
are compared with those of solutions of penta-, hepta-, and ennea- 
iodide. 

The regular decrease in the conductivity, which is met with in the 
case of all the metals and ammonium bases examined on passing from the 
penta- to the ennea-iodide, is an indication, either that the higher 
polyiodides of a given base are equally ionised, or that the ionisation 
varies with the proportion of iodine in the polyiodide in a way which 
is independent of the contained metal or ammonium radicle. In the 
case of solutions of potassium penta-, hepta-, and ennea-iodides, for 
which several concordant series of freezing-point determinations have 
been carried out, the observed freezing-point depressions are in good 
agreement with those calculated on the assumption that these poly- 
iodides are electrolytically dissociated to the same extent as the tri- 
iodide. This agreement represents a strong argument in favour of 
the view that the higher polyiodides of potassium are equally ionised. 
lf this is true in the case of potassium, the fact that the differences 
between the conductivity values of the penta-, hepta-, and ennea- 
iodides are independent of the cation makes it probable that the higher 
polyiodides of each alkali metal and ammonium radicle are ionised to 
the same extent. In these circumstances, the decrease in conductivity 
ou passing from the penta- to the ennea-iodide corresponds with the 
diminution in the mobility of the polyiodide anion as its complexity 
Increases, 

If the higher polyiodides of all the different metals and ammonium 
bases were equally ionised, the differences in the conductivity values 
‘long the vertical series would, in a similar way, correspond with 
differences in the mobility of the various cations. Evidence has, 
however, been obtained that the degree of ionisation varies with the 
twtuve of the cation. The freezing points of solutions containing 
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different pentaiodides, the concentration in each case being represented 
by 0°1 mol. per litre of nitrobenzene, are not identical, as they should 
be if the ionisation were independent of the cation. The relative 
freezing-point depressions for potassium, ammonium, tetramethyl. 
ammonium, and tetrapropylammonium pentaiodides were found to be 
1:90, 1°83, 1°89, and 1°78 respectively. These numbers indicate that 
the higher polyiodides of ammonium and tetrapropylammonium are 
ionised to a smaller extent than those of potassium and tetramethyl]. 
ammonium. 

In regard to the anomalous sequevce of the cations when these are 
arranged according to the conductivities of solutions of the tri-iodide, 
the probable explanation is that the differences in the degree of 
ionisation of the various tri-iodides are not the same as the differences 
in the ionisation of the higher polyiodides. Although in the case 
of potassium the freezing-point depressions, calculated on the assump- 
tion that the higher polyiodides are ionised to the same extent as the 
tri-iodide, are in good agreement with the observed values, it is 
probable that this equality does not hold good generally. In support 
of this statement, it has been found that the ratio of the freezing- 
point depressions of the tri- and penta-iodides is considerably smaller 
for ammonium than it is for potassium. For this comparison, the 
ammonium polyiodides were chosen because of the considerable 
displacement of ammonia in the table of conductivity values when the 
tri-iodide and the higher polyiodide solutions are compared. The 
freezing-point data indicate that ammonium tri-iodide is ionised to 
a considerably smaller extent than the penta- (hepta- or ennea-) iodide, 
and this is in agreement with the observed position of ammonium 
relatively to potassium in the table of conductivity data. 

It is therefore probable that differences in the relative degrees of 
ionisation are the cause of the difference in order of the cations when 
the conductivities of the tri-iodide solutions, on the one hand, and of 
the higher polyiodides, on the other, are compared. 

It has already been pointed out that, according to freezing-point and 
conductivity measurements, the degrees of ionisation of the iodide and 
tri-iodide of tetrapropylammonium differ very considerably. Further 
investigation has shown that the phenomenon is quite general, the 
solutions of the tri-iodides having a greater conductivity than the corre- 
sponding solutions of the iodides. On account of the very small 
solubility of the metallic iodides in pure nitrobenzene, small quantities 
of ethyl alcohol were added to this, in order that solutions of greater 
concentration might be obtained for the comparison of the conductivi- 
ties of the iodides and tri-iodides. In table VI the composition of the 
solvent, the concentration of the solutions, and the molecular 
conductivities are recorded. 
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TaBLE VI. 
Molecular 
Concentration conduc- 
Composition of solvent. of solution. Solute. tivity. 
Ti 96° 
NIN» 5 sinisecrsisadadrtasniadinckadeesacded santa sie 0°01 molar a fe \ 
Nit yl 
; NPryl 22°9 
5) AR EEN EER RRR Rte eee eee er aren nee Heeeeeeneneeee 0 01 ” NPr,I, 25°3 J 
Nitrobenzene + 5 volumes per cent. ethylalcohol 0°005 ,, oe rtd 
Nals 
ete NH,I 16°3) 
“ » » ” 0005 , NHI,  311f 
r 959 
” +10 ” » ” 0°005 ” “A 35-1 } 
RbI 27°8)\ 
” ” ” ” ” 0°005 ” RbI, 36 1 f 
; anid 
- ype _ me,  FE~ ae 


The pairs of numbers in the last column show clearly that the 
triiodide is in all cases a better conductor than the iodide at the 
same concentration. Since the tri-iodides are dissociated chemically 
to only a very small extent, the increased conductivity of the tri-iodide 
cannot be attributed to the presence of free iodine. 

It will be observed that the differences between the conductivities 
of the tri-iodide and iodide are much larger for the alkali metals than 
for the substituted ammonium bases, and this is not attributable to the 
composite nature of the solvent used in the case of the alkali metal 
iodides. Experiments made to determine approximately the influence 
of the added ethyl alcohol on the conductivity differences indicate 
that, whilst the absolute conductivity values are increased on the 
addition of ethyl alcohol, the relative differences between the values 
for the tri-iodide and iodide are diminished. 

The fact that tetrapropylammonium iodide is readily soluble in 
ultrobenzene has enabled us to examine more closely the change 
in the conductivity of solutions of this substance on the gradual 
addition of iodine. In table VII measurements made on 0°! and 0-01 
wolar solutions are recorded. ‘The two horizontal series of numbers 
represent respectively the number of mols. of iodine present in the 
solution per mol. of iodide and the molecular conductivities. 


TaBLE VII. 
0°1 molar NPr,I. 
Molar ratio I/NPr,I ... 0°0 0°25 0°5 0°75 1:0 1°5 20 


Molecular conductivity. 13°06 13°79 14°81 16°31 17°38 16°44 15°91 


0°01 molar NPr,I. 


Molar ratio I,/NPr,I ....... ‘i 0°0 0°25 0°5 0°75 1°0 80 
Molecular conductivity ...... 22°9 23°3 23°55 = =624°0 25°0 25°2 
VOL. XCIII. 6 Y 
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In the case of the 0°1 molar solutions, the conductivity increases 
regularly with increasing concentration of iodine, a maximum being 
reached when the amount of iodine added corresponds with the 
complete conversion of the iodide into the tri-iodide ; further addition 
of iodine results in a diminished conductivity corresponding with 
the data previously recorded in table LV. A similar initial increase. 
although of smaller magnitude, is also found in the case of the 0-0] 
molar solutions, while according to the last number in the series, 
an increase in the molar ratio I,/NPr,! from 1 to 8 has practically no 
effect on the conductivity of the solution. The slight increase 
actually observed is probably due to the fact that iodine itself, whea 
dissolved in nitrobenzene, exhibits an appreciable conductivity. 
Several series of measurements have shown that the molar conductivity 
of iodine in nitrobenzene increases rapidly with the dilution of the 
solution, but the values obtained with samples of iodine and nitro- 
benzene, purified in different ways, diverge so widely that it is not 
possible to record definite values in this paper. It is obvious that the 
iodine resulting from the chemical dissociation of the higher poly- 
iodides must be partly responsible for the conducting power of the 
polyiodide solutions, and, since the chemical dissociation of the 
polyiodides and the molecular conductivity of iodine both increase 
with dilution, the proportion of the total conductivity due to free 
iodine must increase as the dilution of the solution increases. The 
variation of the conductivity of the polyiodide solutions with the 
concentration will not be considered in this paper; for the preseut, 
it is sufficient to know that the significance of the conductivity values 
for 0'1 molar solutions recorded in table IV is not affected by the 
fact that iodine itself behaves as an clectrolyte in nitrobenzene 
solution. In 001 molar solutions this property of iodine may possibly 
have some slight effect on the observed conductivities of the higher 
polyiodide solutions. 

rom the experimental data for tetrapropylammouium iodide 
solutions in tables LV and VII, and for the other iodide solutions in 
tables LV and VI, it is evident that the difference between the 
conducting properties of the iodide and the tri-iodide is much greater 


members of the polyiodide series. Since it is highly probable that the 
tri-iodine ion has a smaller mobility than the simple iodine ion, the 
conductivity dats lead to the conclusion that the simple iodides 
in nitrobenzene solution are ionised to a small r extent than tle 
tri-iodides and the higher polyiodides. 

It may be noted that according to the numbers in table VI, the 
difference in the degree of ionisation of the iodide and the tri-iodide is 
much greater for the alkali metals and for ammonium than for 
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the tetra-substituted ammonium bases, whilst according to table VII 
the difference for tetrapropylammonium increases with increasing 
concentration. 

The considerable difference in the degree of ionisation of the iodides, 
on the one hand, and of the polyiodides, on the other, stands in 
uarked contrast with the corresponding ionisation phenomena in 
ajueous solution, It has been shown by one of us (Dawson, Trans., 
101, 79, 238) that the ionisation “constants” of potassium iodide 
and potassium tri-iodide in aqueous solution are equal, and Burgess 
id Chapman (Trans., 1904, 85, 1505), by two independent methods— 
determination of transport numbers and electrical conductivities— 
have confirmed this conclusion. Corresponding with this, the addition 
of iodine to an aqueous solution of potassium iodide results in a 
liminution of the electrical conductivity in consequence of the smaller 
wobility of the tri-iodine ion. 

The facts indicate that the solvent exerts a very considerable 
influence on the relationship between the simple iodide and _ the 
plyiodides in so far as ionisation phenomena are concerned. It is not 
yet possible to account satisfactorily for the observed differences, 
although it would seem plausible to seek for an explanation in the com- 
vination of the solvent with the products of electrolytic dissociation, 

lonic Velocities. —-1t is obvious that if the share of the current 
carried by one of the ions of tetrapropylammonium iodide in nitro- 
benzene solution is known, the freezing-point and conductivity data for 
silutions of this substance may be utilised to deduce the ionic mobilities. 

With this object in view, measurements of the transport number of 
the iodine ion were made by passing a known quantity of electricity 
trough a Ol molar solution of tetrapropylammonium iodide con- 
‘dined in an apparatus consisting of a U-tube connected by a 
T-piece with a straight tube serving as anode chamber. The cathode 
consisted of a platinum disk, the anode of a small cylinder of metallic 
lithium. At the end of the experiment, an aqueous solution of the 
iodide in the anode tube was obtained by repeated extraction of 
the weighed nitrobenzene solution with water, any salt adhering to the 
wmode being carefully removed in the process. The iodide was 
estimated by precipitation as silver iodide, the same method being 
wed for the estimation of the iodide in the original solution. Two 
leterminations gave 0°63 for the transport value of the iodine ion. 

Denoting the velocities of the tetrapropylammonium and iodine 
ions by w and v, the following equations are obtained by combining 
the freezing-point, conductivity, and transport data : 

13°06 =0°35 (w+v,) 


vU, 


0°63 = 


U+V, 
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From these, v= 13°8 and v,=23°5. 

Combining these results with the freezing-point and conductivity 
data for the 0°l molar solution of tetrapropylammonium tri-iodide, we 
obtain the equation : 

17°38 =0°68 (13°8 + v,,), 


which gives for the velocity of the tri-iodine ion, v,,, the value 11°, 
According to these numbers, the ratio of the velocities of the tri-iodine 
and iodine ions in nitrobenzene solution is 1 : 2. 

From the mobility of the tri-iodine ion and the conductivity 
data for the polyiodide solutions recorded in table IV, it would be 
possible to deduce the mobilities of the various cations if the extent 
to which the polyiodides are ionised were accurately known. From 
the data for the potassium polyiodides, we obtain, on the assumption 
that the higher polyiodides are electrolytically dissociated to the 
same extent as the tri-iodide, the following values for the mobilities 
of the potassium and the polyiodide ions: K=16°6, I, =9-7, I,=92, 
aud J,=8°6. On account of the considerable chemical dissociation 
of the hepta- and ennea-iodide, the values representing the mobilities 
of the hepta- and ennea-iodide anions can only be regarded as 
ay proximate. 

Density Measurements.—Anticipating that the volume occupied by 
ioline in nitrobenzene solution might depend upon its condition, 
that is, whether it is present in the free state or combined in the 
form of a polyiodide (or polyiodide anion), determinations have been 
made of the molecular solution volumes of the various polyiodides of 
potassium. 

An Ostwald pyknometer of about 20 c.c. capacity was employed 
in the density measurements, and a very large water-bath permitted 
the temperature of 18° to be maintained during the period of the 
experiments with a variation of less than +0°005°. 

Iodine and iodide, in amounts corresponding with 0°01 mol. I, 
Ki,, KI,;, KI,, and KI,, were weighed out into well-fitting stoppered 
bottles ; 100 ¢.c. of nitrobenzene were then added, the exact amount 
of the solvent being determined by weighing. All weighings were 
reduced to a vacuum, and the molecular solution volumes calculated 
from the equation : 


in which s and g denote the weights of solvent and solute, d and d’ the 
densities of solution and solvent, and M/ the molar weight of the 
solute. In table VILLI, V, and V,_ represent independently 
determined values of the molecular solution volume, V is the meat 
value, while the figures in the last column represent the differences 
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in the solution volume corresponding with a difference of one molecule 
of iodine in the composition of the solute. 


Taste VIII. 
Volume difference 
in ¢.¢. 


Solute. V, {e.c.). V, (c.u.). V (c.c.). per 1 mol. iodine. 
Be Sencannacesauee 67°0 68°1 67°5 
cl+h, ...... Mis 101°9 101°8 63-7 
Ri+2l,........ 6670 1661 165°5 64°8 
KI+38I,......... 230°3 — 230°3 66-1 
BE + Gog sincere 296°4 — 296°4 


The maximum difference between J’, and ’,, which represent values 
obtained by different observers, amounts to 1‘l c.e.; the possible 
error in the mean value may therefore be set down as about 0°5 e.c. 
An inspection of the figures in tie last column shows that the 
volume occupied by the successive molecules of iodine in the series 
of polyiodides is less than the volume occuped by iodine in the 
free condition, but that it increases as the proportion of iodine in 
the polyiodides increases. Now the chemical dissociation of the 
triiodide is practically nil, and that of the penta-iodide only amounts 
to 25 per cent., so that the difference between the molecular solutions 
of these two substances represents the volume of iodine which is 
conbined in the form of polyiodide. On the other hand, when we 
pass from the penta- to the hepta-iodide, and from this to the 
ennea-iodide, a considerable proportion of the extra molecule of 
iodine involved is present in the free state, the proportion being 
greater for the second step than it is for the first. The fact that 
the differences of solution volume corresponding with one molecule 
of iodine increase with increasing complexity of the polyiodide, and 
tend towards the value for the molecular solution volume of free 
iodine in nitrobenzene, is therefore in agreement with tlie chemical 
dissociation phenomena as elucidated by the distribution experiments 
(loc, cit.). 

With the object of ascertaining the volume of the molecule of 
iodine which is involved on passing from the iodide to the tri-iodide, 
the molecular solution volumes of tetrapropylammonium iodide and 
triiodide have been determined. ‘This measurement is of course 
impossible in the case of potassium, by reason of the insolubility 
of the iodide The data are recorded in table IX. 


TABLE IX, 
Volume difference 
in c.e. 
Solute. V; (¢.¢.). V, (c.¢.). V (¢.c.). per 1 mol. iodine, 


ge 240°2 240°0 240°1 68°5 


” 
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The value thus obtained for the molecular volume of the combined 
iodine in the tri-iodide is greater by 1 ¢.e. than the value fond 
for uncombined iodine. This result, at first sight, appears to te CC\ 
contradictory to the observations made on potassium polyiodide goly. 
tions, but it must be remembered that the iodide and tri-iodide of 


tetrapropylammonium are ionised to very different extents. If the Dati 
increased ionisation of the tri-iodide corresponds with an increase jp name 
volume, the high value obtained for the solution volume of the (Dur 
combined iodine in this case is at once accounted for. On account of smal 


this difference in the degree of electrolytic dissociation of the jodide is W 


and tri-iodide, the corresponding molecular solution volumes cannot be ‘ 
= aoe any 
regarded as strictly comparable quantities. On the other hand, the 1909 


polyiodides of potassium are equally ionised, and the differences in the om. 


molecular solution volumes of successive members of the series may be of at 
legitimately compared. These differences are in general agreement appe 
with the chemical dissociation phenomena exhibited by the poly- been 
iodides. per ¢ 

The following is a summary of the results obtained in this paper: _ 

(1) The polyiodides of the alkali metals and the ammonium bases mele 
are electrolytically dissociated to a considerable extent in nitro- M 
benzene solution. and 


(2) The penta-, hepta-, and ennea-iodide of a particular metal or 
ammonium radicle are equally ionised, although there is evidence _— 


to show that the degree of ionisation depends on the cation. It is 


W 


hyd 
7 


(3) In certain cases, the tri-iodides are ionised to a somewhat 
smaller extent than the higher polyiodides, 
In the case of the potassium compounds which were examined 
in greatest detail, there appears to be no difference between the tri- 
and higher poly-iodides, 
(4) The simple iodides are ionised to a much smaller extent than 
the corresponding polyiodides, 
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(5) Values representing the mobilities of the polyiodide ions have 
been deduced. 


(6) Measurements of the molecular solution volume of iodine 
. . . a r ° . } crys! 
indicate that this depends on whether the iodine is present in the ) 
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free condition or combined in the form of a polyiodide. i 
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CCV. —~Meteloidine - A New Solanaceous Alkaloid. 
By Frank Lee Pyman and WitttAm CoLtenrook ReyNo.ps. 


Datura Meteloides is a small shrub closely resembling D. Metel, as its 
name implies. Botanically, it differs from the latter in several respects 
(Dunal in De Candolle, Prod., xiii, 1, 554), having for instance 
smaller leaves and a pink flower, whereis the flower of D. Metel 
is white. 

Schmidt (Axch. Pharm., 1905, 243, 303) and Kircher (Arch. Pharm., 
1905, 243, 309) have shown that D. Metel contains about 0°5 per 
cent. of alkaloids, consisting mainly of hyoscine with a small amount 
of atropine and hyoscyamine. Datura Meteloides, however, does not 
appear to have been investigated chemically hitherto. It has now 
been found to contain 0°4 per cent. of total alkaloids, from which 0°13 
per cent. of hyoscine, 0°03 per cent. of atropine, and 0-07 per cent. of a 
new alkaloid have been obtained ; the latter has been designated 
meteloidine with reference to its source. 

Meteloidine is a crystalline base of the empirical formula C,,H,,0,N, 
and forms salts which crystallise readily ; the Aydrobromide, 

C,,H,,0,N, H Br,2H,0, 
aurichloride, C,,H4,O,N,HAuCl,,$ H,0, and picrate have been prepared. 
[t is optically inactive, and has no marked physiological action. 

When boiled with aqueous barium hydroxide, meteloidine is 
hydrolysed with formation of tiglic acid and a new base, which has 
been designated telocdine, according to the equation : 

C),H,,0,N + H,0 = C,H,0, + CgH,,0,N. 

The formation of tiglie acid on hydrolysis of an alkaloid has been 
observed on only one previous occasion, when Wright and Luff 
(Trans, 1878, 33, 347) obtained it from cevadine, one of the 
alkaloids of Veratrum Sabadilla. 

The basic hydrolytic product, teloidine, erystallises from moist 
acetone with one molecule of water of crystallisation. It forms easily 
crystallisable salts, of which the hydrochloride, C,H,,0,N,HCI, hydro- 
bromide, C.U,,0,N,HBr, and aurichloride, C,H,,0,N,HAuCl,,5H,0, 
have been characterised. Lack of material has prevented further 
investigation of this substance, but it may be pointed out that it 
has certain properties in common with tropine and oscine, and may 
conceivably be closely related to these bases. ‘The three substances 
are all strongly basic, and each contains eight carbon atoms and 
a hydroxyl group in the molecule ; they are all very soluble in water 
and alcohol, and are left as oily residues on the evaporation of these 
solvents ; concentrated ayueous solutions of their salts give no pre- 
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cipitate with picric acid. It is interesting to note also that acy] 014 
derivatives of the three bases are found in D. Meteloides. atropine CHa! 
or tropyltropine, hyoscine or tropyloscine, and meteloidine or 


tiglylteloidine. The | 
On the other hand, teloidine differs from tropine and oscine jy of the 
that it cannot be distilled, and concentrated aqueous solutions of it forn 
its salts do not give a precipitate with mercuric-potassium iodide contain 
solution. and is | 
EXPERIMENTAL, 0:09: 


Isolation of Meteloidine from Datura Meteloides. 0°09 


The powdered herb was percolated with 95 per cent. alcohol, and the 
extract concentrated to a semi-solid mass, from which the alkaloids 
were removed by stirring with 1 per cent. aqueous hydrochloric acid, 
The aqueous liquor was rendered alkaline with ammonia, and shaken 
out with chloroform, and the latter fractionally extracted with 
successive quantities of dilute hydrobromic acid. The extracts were 
concentrated separately, and allowed to erystallise. Most, if not all, 
of the meteloidine was contained in the first fraction, and crystallised 
out on cooling as the hydrobromide. From the mother liquor of this 
and the later hydrobromic acid extracts, hyoscine and a mixture 


The 
acid tc 
aleohol 
(corr. ). 


of hyoscyamine and atropine were separated in the usual manner. Twe 

Out of a yield of 0°40 per cent. of total alkaloids, 0°07 per cent. of the fre 
meteloidine, 0°13 per cent. of hyoscine, and 0:03 per cent. of atropine of ery 
were obtained. for o1 


chloro 

Meteloidine, CH,*CH:C(CH,):CO,°C,H,,0,N. boiled, 
filterec 
with ¢ 
28 gr 
separa 
prover 
014 


The base was prepared by adding sodium carbonate to an aqueous 
solution of the hydrobromide, extracting with chloroform, and crystal- 
lising the chloroform residue from benzene. It separated in tabular 
needles, which melted at 141—142° (corr.). It is readily soluble in 
alcohol, acetone, or chloroform, and somewhat sparingly so in water, 
ether, ethyl acetate, or benzene : 

01162 gave 0:2610 CO, and 0:0874 H,O. C=61:2; H=8+4. 


6 ; For 
00702 ,, Ss4ec, N, at 19° and 764mm. N=5-6. 


fe P dibron 

_C\,H,,O,N requires C=61'1; H=8°3; N=5°) per cent. which 

The hydrobromide crystallised from water in hard clusters of chisel- The 
shaped needles. It contains two molecules of water of crystallisation, hydro 
and is readily soluble in water and absolute alcohol. After drying The 
first at 40° and then at 100°, it melts and colours at 250° (corr.). It ~~ 
is optically inactive : was f 
0-1858, air-dried, gave 0°2854 CO, and 0:1186 H,O. C=41:9; H=7?. of di 


0:2726 ,, ,, lost 0°0258 at 100°. H,O=9°5. water 
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01444, dried at 100°, gave 0:0804 AgBr. Br=23°7. 

(,,H,,O,N,HBr,2H,0 requires C=41°9; H=7:1; H,O =9°7 per cent. 
C,,H,,O,N,HBr requires Br = 23:8 per cent. 

The aurichloride crystallised on adding auric chloride to a solution 
of the hydrochloride. After recrystallisation from dilute alcohol, 
it formed short, yellow needles, which melted at 149—150°. It 
contains one-half of a molecular proportion of water of crystallisation, 
and is sparingly soluble in water, but readily so in alcohol : 

00957, air-dried, lost 0°0017 at 100°. H,O=1°8. 

00940, dried at 100°, gave 0°0315 Au. Au=33°5. 

C,,H.,0O,N,HAuCl,,4H,O requires H,O = 1°5 per cent. 
C,3H,,0,N,HAuCl, requires Au= 33:1 per cent. 

The picrate separated in yellow, crystalline nodules on adding picric 
acid to a solution of the hydrobromide. After recrystallisation from 
alcohol, it formed yellow, hexagonal plates, which melted at 177—180° 
(corr.). It is sparingly soluble in water and cold alcohol. 


Hydrolysis of Meteloidine by Barium Hydroxide. 
Formation of Tiglic Acid and Teloidine. 


Twelve grams of meteloidine hydrobromide were converted into 
the free base, and this was dissolved in a warm solution of 10°2 grams 
of crystallised barium hydroxide in 150 c.c. of water and _ boiled 
for one hour. After cooling, the solution was extracted with 
chloroform, which removed 0°3 gram of unchanged meteloidine, 
boiled, acidified with 12 ¢.c. of 50 per cent. aqueous sulphuric acid, 
filtered from precipitated barium sulphate, and completely extracted 
with ether. The ethereal extract was dried, and on distillation gave 
28 grams of a crystalline acid; on recrystallisation from water, it 
separated in long, flat needles, which melted at 64—64°5° (corr.), and 
proved to be tiglic acid : . 

01456 gave 03174 CO, and 0:1050 H,O. C=59°5; H=8:1. 

C,H,O, requires C = 60°0 ; H=8'l per cent. 

For further proof of identity, the acid was converted into its 
dibromide, which separated from light petroleum in long, white needles, 
which melted at 87 —88° (corr.). 

The yield of tiglic acid, based on the amount of meteloidine actually 
hydrolysed, is 91 per cent. of the theoretical. 

The acid liquor remaining after the ether extraction was digested 
on the water-bath with barium carbonate and filtered, when it 
was found to be faintly alkaline. After neutralisation with a drop 
of dilute sulphurie acid, and evaporation to low bulk on the 
Water-bath, it began to crystallise, and was then completely dried, 
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first on the water-bath, then in a vacuum desiccator over sulphuric 016 
acid, and gave 6:2 grams of a dry, pale pink, crystalline powder, 0-18 


This proved to be teloidine hydrochloride mixed with a small (.H,;¢ 
proportion of sulphate, and the amount obtained represents 96° per The 
cent. of the theoretical. The occurrence of the hydrochloric acid cay 
only have been due to the decomposition of the chloroform used earlier 
in the process. 


plates : 
is anhy 
absolut 
0°16! 

The free base cannot be extracted from an aqueous solution by 017 
shaking with the usual organic solvents. It was isolated in the C.F 
following manner: The hydrochloride was dissolved in its ow The 


Teloidine, C,H,,0,N. 


weight of water, mixed with a strong aqueous solution of one of auri 
molecular proportion of potassium hydroxide, and diluted wit) reeryst 


absolute alcohol. After filtering from precipitated potassium chloride, which 
the solution was evaporated to dryness under diminished pressure, of an 
and the residue again extracted with absolute alcohol, filtered, ani easily s 
evaporated to dryness, when the base was obtained as a viscid oil. 0-19 
This was dissolved by covering with about 10 volumes of boiling 18 
acetone and adding water drop by drop until nearly all had _ passe 
into solution. After filtering hot, the solution was allowed to stani, 
when the base separated in chisel-shaped needles, which contained one Wit 
molecule of water of crystallisation. After drying at 120°, it melted 
at 168-—169° (corr.) : 


the mc 


acetic é 
0°1226, air-dried, gave 0°2244 CO, and 00990 H,O. C= 49-9; H=%1 het no 
071382 ” » 86 cc. N, at 21° and 771 mm. N=77. employ 
02194 ,, lost 0°0199 at 120°. H,O=9°1. ; 


C,H,,0,N,H,0 requires C = 50°2; H=9-0; N=7:3; H,O=9°4 per cent It is 
01438, dried at 120°, gave 0°2906 CO, and 0°1142 H,O, C=55'1; when 1 
H = 8°9. Tu 
C,H,,0,N requires C=55°4; H=8°7 per cent. 

Teloidine is not deliquescent, nor does the anhydrous base take up 
water of crystallisation from moist air. It is very easily soluble 
in water or alcohol, and is left as an oil on the evaporation of thes 
solvents ; it is sparingly soluble in the other usual organic solvents 
when cold. It gives no precipitate with picric acid or mercuric 
potassium iodide even in concentrated solution. It cannot be distilled, 
but suffers decomposition. 
The hydrochloride is obtained almost pure by the above metho(; 
after recrystallisation from absolute alcohol, it separates in well defined, 


monoclinic prisms with a macrodome, and does not melt at 300° It Some } 
is anhydrous, and is readily soluble in water, but sparingly so! made a 


boiling absolute alcohol : 
0°1576 gave 0°2634 CO, and 0:1102 H,O. C=45:6; H=7'. 


ethane. 
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01678 gave 96 e.c. N, at 21° and 766 mm. N=6°6. 

0:1803 ,, 0°12 Ao Gia 167. 

(.H,,O,N, ILC] requires te -45°3; H=7'7 ; N=6°7 ; Cl=16-9 per cent. 
the hydrobromidde crystallised from absolute alcohol in hexagonal 
plates and needles, which melted and decomposed at 295° (corr.). It 
is anhydrous, and is readily soluble in water, but sparingly so in 
absolute alcohol : 

01694 gave 0°2342 CO, and 0:0954 1,0. C=37:'7; H=6°3. 


01776 5 O1301 AgBr. Br=31-2 
O11, ,0,N,H Br requires C=37'8; H=6'4; Br=31°'5 per cent. 
The aurichloride crystallised out on adding a concentrated solution 


of aurie chloride to a strong solution of the hydrochloride. After 
recrystallisation from water, it separated in yellow, hexagonal plates, 
which melted and decomposed at 225° (corr.). It contains one-half 
of a molecular proportion of water of crystallisation, and is fairly 
easily soluble in water: 

01919, air-dried, lost 0°0032 at 100°. H,O=1°7 

01887, dried at 100°, gave O'0721 Au. Au=38°2. 

O.1,,0,N,HAuCL,3H,0 requires H,O = 1-7 per cent. 
C.H,,O,N,HAuCl, requires Au = 38-4 per cent. 

With the object of determining the number of hydroxy-groups in 
the molecule, teloidine has been subjected to the action of boiling 
acetic anhydride and benzoyl chloride in aqueous sodium hydroxide, 
but no crystalline derivatives were obtained from the small quantities 
employed, 


lt is proposed to investigate further the constitution of meteloidine 
When more material is available. 


Ture WeLtcome CHEMICAL Works, 
DARTFORD, KENT. 


CCV].—The Action of Phosphorus Pentachloride on the 
Methylene Ethers of Catechol Derivatives. Part III. 
The Cyclic Carbonates of Dichloro-ethyl- and 
-propyl-catechol. 
By Georce Baraer. 
Some years ago, in conjunction with Dr. If. A. D. Jowett, the author 


made an attempt to convert a3-dibromo-a-3 : 4 methylenedioxyphenyl- 


(). 
ethane, CHS > C,H CH Bre CH, Be (Trans, 1905, 87, 967), into the 


hi 
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corresponding catechol derivative by Fittig and Remsen’s reaction, 
The only product which could be isolated was a small quantity of 
a dibromohydrin, CH,:0,:C,H,Br-CH(OH):CH,Br, formed by the 
action of bromine which had been liberated by the phosphorus penta. 
chloride. When the subject was again taken up more recently, an 
attempt was made to use thionyl chloride instead of phosphorus pent. 
chloride, for, as the author has shown (Trans., 1908, 93, 563), the 
former reagent converts catechol methylene ethers directly into cyelic 
carbonates. In the present case, however, the reaction proceeded in 
an anomalous manner, and instead of the desired substance, a thio. 
naphthen derivative was formed, as described in the next paper 
(p. 2086). After this failure, recourse wes again had to phosphorus incl 
pentachloride, and, in order to exclude the secondary action of liberated dilute 
bromine, the dibromide previously employed was replaced by the corre. lichlo 


sponding dichloride. This substance, CH,<0>C,H,"CHCI-CH,(, liquid 
purific 
hydrit 
by hes 
into the crystalline chlorohydrin, CH,<O>C,H,-CH(OH)-CH,(, dichlo 


as she 


To 
3595), 


was readily prepared from the corresponding styrene, but as it could 
only be obtained as a viscid oil, it was found convenient to convert it 


which is easily obtained pure. On submitting the chlorohydrin to the 
action of three molecular proportions of phosphorus pentachloride, it is v1 
reconverted into the dichloride and then transformed into a dichloro- 


methylene derivative, C01, <3>C,H,-CHCI-CH,C1. The latter sub- ” 


stance not only distils without decomposition, but, unlike the known 
examples of this unstable type, it can be obtained crystalline. By 
treatment with anhydrous formic acid, the cyclic carbonate, 


co<?>0,H,-CHCI-CH,Cl, 
Th 
results, which is a derivative of 3 : 4-dihydroxy-1l-ethylbenzene, pre- ples 


pared by Delange (Compt. rend., 1904, 138, 423). The preparation (oumny 


of the corresponding dibromide, CO<)>C,Hy CHBr-CH,Br, Was heatir 
water 
and 1 
porou 
benze 
O 169— 
carbonate, CO<5>0,H,CHCI’CHCI-CH,, was prepared ; it closely 0-1 


recently attempted unsuccessfully by Pauly and Neukam (Ber., 190i, 
40, 3488) by the addition of bromine to vinyleatechol carbonate. 
From the easily obtainable isosafrole dichloride, by successive treat- 
ment with phosphorus pentachloride and formic acid, the cyeli¢ 


resembling its lower homologue. By boiling water, both carbonates 0-2 
are readily hydrolysed to catechol compounds, but, in addition, the 

a-chlorine atom is removed. So far it has not been possible to isolate Th 
the chlorohydrin, C,H,(HO),*CH(OH)*CH,CI ; it would appear that, to th 
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under the conditions hitherto employed, hydrogen chloride is eliminated 
and a chlorovinyl] derivative is formed. Further experiments are, how- 
ever, in progress. 


EXPERIMENTAL, 
aB-Dichloro-a-3 : 4-methylenedioxyphenylethane, 


~~ 1 1.04 ‘ 
os, fon CH,Cl © 
CH,°O 
To 15 grams of 3 : 4-methylenedioxystyrene (Klages, Ber., 1903, 36, 
3595), dissolved in carbon tetrachloride, a solution of chlorine in the 
same solvent was added until a sample no longer decolorised a 
dilute solution of bromine. On distillation, 16 grams of the crude 
dichloride passed over at 160—180°/16 mm. It constituted a viscid 
liquid, which could not be crystallised. As it could not readily be 
purified by fractional distillation, it was converted into the chloro- 
hydrin (described below), and this was reconverted into the dichloride 
by heating on the water-bath with thionyl chloride. The regenerated 
dichloride then boiled at 159—160°/12 mm., and was not quite pure, 
as shown by the analysis : 
01475 gave 0°1837 AgCl. Cl=30°8. 
C,H,0,Cl, requires Cl = 32°4 per cent. 
There would appear to be a tendency to lose hydrogen chloride. 


B-Chloro-a-hydroxy-a-3 : 4-methylenedioxyphenylethane, 
{ SCH(OH)-CH,CI 
, i aia ae 
CH,°O 
This chlorohydrin was prepared by leaving the crude dichloride 
(above) for one day, dissolved in a mixture of acetone and water 
(compare Auwers and Miller, Ber., 1902, 35, 114), or, preferably, by 
heating the solution in aqueous acetone with powdered marble, on the 
water-bath under a reflux condenser. After removal of the acetone 
and water by distillation, the partly solid residue was pressed on a 
porous plate and crystallised from a mixture of light petroleum and 
benzene, when it formed long needles melting at 95° and boiling at 
169—170°/7 mm. : 
01398 gave 02756 CO, and 0:0560 H,O. C=53'8; H=4-4. 
02023 ,, 01474 AgCl. Cl=18-0 
C,H,O,Cl requires C = 53°9; H = 4:5 ; Cl=17°7 per cent. 
The yield of this substance and the preceding one was much inferior 
to that of the corresponding dibromide and bromohydrin. 


e 
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aB-Dichloro-a-3 : 4-dichloromethylenedivayphenylethane, 


f 


/ \ ‘ i & ” 
O—< _ CHC!-CH,Cl. 
CCl, +O 


The dichloride and chlorohydrin were heated respectively with 
two and three molecular proportions of phosphorus _pentachiloride 
to 150—170° for four hours, The flask was provided with a Young's 
still-head, so as to allow the phosphorus trichloride and oxychloride 
to distil over, but to retain the pentachloride. At the end of the 
reaction, a small quantity of phosphorus pentachloride was sublimed 
out of the flask under diminished pressure, and the contents were 
then distilled under a pressure not exceeding 10 mm. Under suitable 
conditions, the yield is almost quantitative; thus, for instance, 
5 grams of the chlorohydrin, heated with 15°7 grams of phosphorus 
pentachloride to 150° for six hours, yielded 6°5 grams of a distillate 
boiling at 170-—174°/6 mm. (the theoretical yield is 7°l grams), 
On one occasion, during a severe frost, the distillate, which was left 
overnight in the receiver, solidified; it was pressel on a_ porous 
tile, and could then be crystallised from light petroleum and benzene, 
yielding prisms which melted at 56°. Later crystallisation could 


never be produced spontaneously, but only by inoculation : 
01758 gave 0°2536 CO, and 0:0372 H,O. C=39°3; HW=2:5. 
0-1632 ,, 03206 AgCl. Cl=48°6. 
C,H,0,Cl, requires C= 39°6; H=2:1; Cl=49°3 per cent. 


The crystals fume in moist air and gradually liquefy ; when dissolved 
in acetone, the substance reacts violently with water, the temperature 
of the acetone being raised to the boiling point. With anhydrous 


formic acid fumes of hydrogen chloride are rapidly evolved without 


much heat, and the cyclic carbonate is formed. 


aB-Dichloro-a-3 : 4-carbonyldioxyphenylethane, 


4 oN 
ar. CHCIL-CH,Cl. 
s iis a 


Anhydrous formic (or acetic) acid is added carefully in small quan- 
tities to the dichloromethylene derivative described above, and the 
excess is removed by distillation under diminished pressure. This 
completes the reaction, and the carbonate can then be distilled. It 
boils at 180—182°/3 mm.,* the yield being quantitative. 

A fraction b, p. 182°/8 mm. was analysed : 

* At, or about, this pressure the cyclic catechol carbonates generally boil 1! 
higher than the dichlorumethylene derivatives, from which they are obtained, 
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01573 gave 0°2624 CO, and 00390 H,O. C=46:2; H=2'7. 
01842 ,, 0°2275 AgCl. Cl=30°5. 
0,H,0,C1, requires C= 464 ; H =2°6 ; Cl=30'5 per cent. 
Although the analysis proves the substance to be quite pure, 
it could not be crystallised. At the room temperature, it is a very 
yiseid oil, readily soluble in all ordinary organic solvents, except light 
petroleum, When boiled with water, it dissolves gradually, being 
converted into a catechol derivative, but at the same time a large 
amount of a dark brown resin is formed. 


a/3-Dichloro-a-3 : 4-dichloromethylenedioxyphenyl propane, 


o--< CHCI-CHCI-CH,. 
Re ’ 
CCl,°O 
This substance can readily be prepared in large quantities from 
ivsafrole dichloride by the method employed for the ethane derivative. 
(hus, for example, 47 grams of isosafrole dichloride (b. p. 157—161°/ 
3mm.) yielded, after heating with two molecules of phosphorus penta- 
chloride, a distillate which, under a pressure of 8 mm., boiled between 
173° and 180°, mostly at 175°. A slight residue was left in the 
flask. 
The fraction b. p. 174:5—175°5°/8 mm. was analysed : 
02184 gave 0°3184 CO, and 00617 H,O. C=397; H=3'l. 
01680 ,, 03212 AgCl. Cl=47°3. 
C,,H,O,Cl, requires C = 39°7 ; H=2°6; Cl=47°0 per cent. 
The fractions boiling at a higher temperature were contaminated 
with a substance containing more chloriue. 


aB-Dichloro-a-3 : 4-carbonyldioxyphenylpropane, 
o-< SCHCI-CHCL-CH, 
Nig 
CO-O 
After treatment of the previous substance with formic acid, the 
carbonate is obtained as a viscid oil, b. p. 186—189°/8 mm., closely 
resembling the lower homologue : 
1760 gave O-3111 CO, and 0°0522 H,O. C=482; H=3°3. 
U2240 ,, 02687 AgCl. Cl=28°7. 
U,,H,0,Cl, requires C= 48°6 ; H = 3:2 ; Cl=28°7 per cent. 


laa WeLLcome PaysioLogicaAL RESEARCH LABORATORIES, 
BrockWELL HALL, Herne Hut, Lonpon, §8.E. 
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CCVIL—The Synthesis of Thionaphthen Derivatives 
from Styrenes and Thionyl Chloride. 
By Georce BarGcer and ArTHuR JAMES Ewrns. 


In an attempt to convert 3 : 4-methylenedioxyphenylmethylcarbinol, 
CH,:O,:C,H,*CH(OH):CH,, into the corresponding cyclic carbonate 
by meaus of thionyl chloride (compare the preceding paper and Trans, 
1908, 93, 563), we found that the reaction proceeds in an unexpected 
manner ; the resulting substance is, indeed, a cyclic carbonate, but it 
contains sulphur and has the composition C,H,O,Cl,S. The same 
compound was produced when a@-dibromo-3 : 4-methylenedioxystyrene 
was acted on by thionyl chloride, the bromine being eliminated. Since 
it contains only two hydrogen atoms, the new substance must possess 
a condensed ring; it is most probably a thionaphthen derivative, and 
may be represented by one of the following formule: 


In order to determine whether the reaction is a general one, we 
submitted derivatives of other styrenes to the action of thionyl 
chloride. Although organic sulphur derivatives were formed in each 
case, we were not always able to isolate them from the mixture pro- 
duced. Thus, from ordinary styrene, we could only obtain a pure 
substance after we had employed conditions favourable to complete 
chlorination, the resulting compound being /hexachlorothionaphthen, 
C,CI,S. 

The substances described below do not give the indophenine reaction, 
but some of them, containing relatively little chlorine, gave, after 
reduction, a green or bluish-green coloration with isatin and sulphuric 
acid ; the typical blue coloration was never obtained. 

In all cases a large excess of thionyl chloride was used, and was 
heated with the styrene derivative in a sealed tube (to 180—270). 
An attempt to carry out the reaction at a low temperature with 
aluminium chloride and thionyl chloride or sulphur dioxide was 
unsuccessful, Dibromostyrene was generally employed, not only 
because it was most readily obtainable, but because it alone was found 
to yield a crystalline product when the dichloro-derivative did not, 
even in the presence of iodine. For this superior reactivity of the 
bromo-compounds we cannot offer an explanation. The yield of pure 
thionaphthen derivatives was generally small, except in the case of the 
catechol derivative first investigated, when it amounted to 70 percent. 
of the theoretical. 
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EXPERIMENTAL. 


1 : 2-Dich/oro-4 : 5(or 5 : 6)-carbonyldioxythionaphthen, 


a 
we ate td 


9:2 Grams of 3 : 4-methylenedioxyphenylmethylcarbinol were heated 
with 13 grams of thionyl chloride for five hours in a sealed tube at 170°. 
On opening the tube there was found to be a great pressure ; the 
contents were a reddish-brown liquid and a crystalline solid (the 
thionaphthen). The latter was collected and recrystallised from 
benzene ; the yield was 45 per cent. of the theoretical. 

One gram of af-dibromo-3 : 4-methylenedioxystyrene, heated with 
5 grams of thionyl chloride to 250—260° for seven hours, yielded 0°6 
gram of the same substance or 70 per cent. of the theoretical. After 
repeated crystallisation from benzene, the substance from either 
source formed white prisms melting at 198°: 

0'1668 gave 0°2514 CO, and 0°0124 H,O. C=41'1; H=08. 

01151 ,, 01251 AgCl. Cl=26°9. 

0:2472 ,, 02150 BaSO,. S=11°9. 

03798, in 11°74 naphthalene, gave A= —0°87°. M.W. = 257. 
(,H,0,CI,S requires C=41°4; H=0°8; Cl=27:2; S=12'2 per cent. ; 

M.W. = 261. 

In addition to the secondary alcohol and the dibromo-derivative 
already mentioned, the following substances also yielded this thio- 
naphthen derivative on heating with thionyl chloride: the ether, 
(CH,:0,:C,H,*-CHMe],0; the dichloride, CH,:0,:C,H,*CHCI-CH. Ol 
and the omvpuiiing chloro- and bromo- -hydrins. Since the ‘die 
chain in all these cases is readily chlorinated, the chlorine atoms in 
the resulting thionaphthen derivative are in all probability in 
positions land 2. The para-hydroxy! group must be in position 5, and 
the meta-hydroxyl in either 4 or 6; that the substance is a cyclic 
carbonate is proved below. 


2-Dichloro-4 : 5(or 5 : 6)-dihydroxythionaphthen, 
Ho. | Jc or HO 
wer ™ 


The previously-described substance, ©,H,0,CI,S, was hydrolysed by 
gently warming it in an atmosphere of hydrogen with 50 per ceut. 
aqueous pyridine ; carbon dioxide was evolved. The yellow solution 
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was evaporated in a vacuum over sulphuric acid, the residue was 
dissolved in water, and the aqueous solution extracted with ether, 
After washing with dilute sulphuric acid, drying, and evaporating the 
ethereal solution, the remaining solid was dissolved in hot benzene, 
from which it separated on cooling as a white, gelatinous mags 
melting and decomposing at 148°: 
01482 gave 0°1848 AgCl and 01448 BaSO,. Cl=30°8 ; S=134, 
C.H,0,CI1,8 requires Cl = 30:2 ; S=13°6 per cent. 

The dichlorodihydroxythionaphthen thus prepared is soluble in water 


and in most organic solvents. Its aqueoys solution yields with ferric By 1 

chloride a bluish-green coloration, differing somewhat from the pure anisalde 

green obtained with simple catechol derivatives. 900°. a 
“WV y 


The dibenzoyl derivative was prepared by Kinhorn’s method, and J jptaine 
yielded, on crystallisation from a mixture of alcohol and benzene, long, J , subst; 
slender needles melting at 185°: uelting 

0°1503 gave 0:0993 AgCl. Cl=16°3. 0-074 

C,,H,,0,Cl,8 requires Cl = 16-0 per cent. 


w 


Hexachlorothionaphthen, : a + 7. 
\s / Ol 
Cl 
By he 


Two grams of af-dibromostyrene were heated with 5 c.c. of thionyl grams of 
chloride and 2 ¢.c. of sulphuryl chloride to 270° for thirteen hours. On J excess of 
cooling, the tube contained a red liquid in which crystals were J were col 
suspended. The latter were recrystallised from light petroleum On dis 
(b. p. 70—100°) ; they formed long, silky, white needles melting J 035 gra 


at 158°: The m 
0:0959 gave 0:°0977 CO, and 0°0005 H,O. C=27'8; H=0 06. O15 3¢ 
0:1640 ,, 04189 AgCland 01188 BaSO,. Cl=63-2 ; S=9°. 

C,Cl,S requires C= 28:1; Cl=62°5; S=9-4 per cent. As th 
In a previous experiment, when the sulphuryl] chloride was omitted obtained 


and the temperature maintained at 215—240° for ten hours, the same J quantiti: 
crystalline hexachlorothionaphthen was obtained, but the analysis separatiic 
showed it to be impure. Subsequently, sulphury] chloride and a higher J that of ¢ 
temperature were used to ensure complete chlorination. 

The (crude) reduction product of hexachlorothionaphthen with 
hydriodic acid and phosphorus gave a reddish-purple coloration with 
isatin and sulphuric acid, changing to green on standing. — wOSaft 

When heated with thionyl chloride to 210° for four to five hours, its lower 
af-dichlorostyrene furnished a distillate (b. p. 150—175°/16 mm) less, yiel 
containing both chlorine and sulphur, but no  erystalline product Wosatrol 


os dh CUE 
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wuld be obtained, nor was any obtainable from phenylmethylcarbinol, 
even after heating to 240° for twenty hours. The distillate in the 
latter case gave a brilliant red coloration with isatin and sulphuric 
acid, and, after distillation with zinc dust, the same reagents produced 
a green coloration. 


;' fe 
Trichloro-5-methoxythionaphthen, y749| © | | 


yvret 


By heating 15 grams of p-methoxyphenylmethylearbinol (from 
anisaldehyde) with 12 grams of thionyl chloride for three hours to 
200°, and distilling under diminished pressure, a viscid liquid was 
obtained (b. p. 195—215°/12 mm.), which yielded a small quantity of 
a substance crystallising from light petroleum in white needles and 
melting at 153°: 

00747 gave 0°1152 AgCl and 0°0649 BaSO,. Cl=38:2; S=121. 

C,H,OC1,S requires Cl=39'8 ; S= 12-0 per cent. 


, (ol 
Letrachloro-5-methoxythionaphthen, MeO) Cl, || || 


\ /OL 
S 


By heating 15 grams of p-methoxyphenylmethylearbinol with 12 
grams of thionyl chloride to 180° for eight hours, and removal of the 
exeess of thionyl chloride on the water-bath, 3°6 grams of a distillate 
were collected, b, p. 200—225°/12 mm. 

Un dissolving in hot light petroleum (b. p. 77——100°) and cooling, 
035 gram of silky, white needles, m. p. 109—111°, separated. 

The melting point was unchanged by recrystallisition : 

01536 gave 0°2966 AgCl and 0°1265 BaSO,. Cl=47'7; S=11°3. 

C,H,OCLS requires Cl= 46°83 ; S=10°6 per cent. 

As the analyses show, neither this nor the previous substance was 
obtained quite pure ; they are formed simultaneously, and the small 
quantities at our disposal did not enable us to effect a complete 
veparation. In either case the methoxy-group must be in position 5 ; 
that of the chlorine atoms in the benzene ring is doubtful. 


Action of Thionyl Chloride on isoSafrole Dibromide. 


wSafrole dibromide reacts less readily with thionyl chloride than 

its lower homologue (a8-dibromomethylenedioxystyrene), but, neverthe- 

less, yielded a small quantity of a thionaphthen derivative. From 

wsatrole dichloride, however, this derivative could not be obtained ; 
622 


be | 
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thus again illustrating the greater reactivity of the bromo-compound 
as compared with the chloro-compound. crystal 

Dichlorocarbonyldioxymethylthionaphthen was obtained by heating BR yo si 
3 grams of isosafrole dibromide with 13 grams of thionyl chloride J 907 
to 220° for seven hours. On opening the tube, a few crystals wer Lsulpl 


tion. 


found to have separated, and, after cooling to —80°, 0°15 gram wa liquor 
collected. On recrystallisation from light petroleum (b. p. 70—100), & alt o 
the substance melted at 180° : Dir 
0:1012 gave 0°1049 AgCl and 0:0879 BaSO,. Cl=25°6; S=11°9. obtair 
©,)H,0,C1,8 requires Cl = 25°8 ; S=11°6 per cent. expell 

The constitution is doubtful, but the methyl group is most probably J sodiur 


in position 1. the so 
In addition to the above, a substance was obtained, which & higher 
crystallised from light petroleum, melted at 167°, and did not contain J propy 
sulphur : optica 
0:1288 gave 01793 CO, and 0:0115 H,O. C=37'9; H=1°0. and th 
01689 ,, 03097 AgCl. Cl=45°3. but oF 
C,,H,0,Cl, requires C = 38:2; H=1-2; Cl= 45:2 per cent, 9% of abo 

This substance is most probably represented by the formula The 


in a si 

co<?>0,HCI,-COLCCI-CH,. hydrix 

d-sulp 
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CCVILI.—Organice Derivatives of Silicon. Part VIII a 
The Resolution of dl-Sulphobenzyleth ylisobutylsihey! ~ “ 
Oxide and the Properties of the Optically Activ & the as 
Acids. and ha 

IAIB-s 
tempel 
corres} 
Or the many optically active bases which were tried in the expert The 
ments on the resolution of d/-sulphobenzylethylpropylsilicyl oxide and of 
only one, namely, methylhydrindamine, proved to be of any use ; as It table : 
was perhaps to be expected that this same base would prove service: 
able for the resolution of d/-sulphobenzylethylisobutylsilicyl oxide 
(Part VII), the pure sodium salt of the d/-acid, prepared from the pure 
l-menthylamine salt (this vol., p. 2010), was directly precipitated 
with excess of /-methylhydriudamine hydrochloride in aqueous solu: 


By Beryarp Dunstan Wiikinson Lurr (1851 Exhibition Scholar) 
and Freperic STanLeY Kippine. 


r) 


ORGANIC DERIVATIVES OF SILICON. PART VIII. 2091 


tion. The oily product, which slowly solidified, was then fractionally 
crystallised from aqueous methyl alcohol. After a series of operations, 
we succeeded in isolating a colourless, crystalline salt melting at 
907—209°, which proved to be the |-methylhydrindamine salt of 
sulphobenzylethylisobutylsilicyl oxide. The aqueous-alcoholic mother 
liquors from this compound deposited the optically impure isomeric 
salt of the d-acid as an oil. 

Direct evidence that the d/-silicon compound had been resolved was 
obtained by treating the pure salt of the /-acid with sodium carbonate, 
expelling the methylhydrindamine, and examining the solution of the 
sodium salt in the polarimeter. The specific rotation calculated for 
the sodium salt was found to be [a], —10°5°, a value considerably 
higher than that ([a], —5°9°) of the sodium salt of the corresponding 
propyl derivative (Kipping, Trans., 1908, 93, 465). The oily, 
optically impure salt of the d-acid was treated in a similar manner, 
and the solution of the resulting sodium salt examined polarimetrically, 
but only qualitatively ; it was dextrorotatory, and showed a deviation 
of about + 0°5°. 

The resolution of the original d/-sulphonic acid was also accomplished 
ina similar manner by fractionally crystallising its salt with d-methyl- 
hydrindamine. In this way, we obtained pure d-methylhydrindamine 
d-sulphobenzylethylisobutylsilicyl oxide (m. p. 207 —209°), the salt of the 
Lacid remaining in an optically impure state as an oil in the aqueous- 
alcoholic mother liquors. From the pure dAdB-methylhydrindamine 
salt we prepared the sodium salt of the d-acid, which, in aqueous 
solution, had a specific rotation of [a], + 10°4°. 

The methylhydrindamine salts of the optically active sulphobenzyl- 
ethylisobutylsilicyl oxides are, on the whole, very similar to the 
corresponding derivatives of the active sulphobenzylethylpropylsilicy] 
oxides, and yet they differ from the latter in one or two respects. 
The dAdB- and JA/B-salts are well-defined, crystalline compounds, but 
the dAJB and the 7AdB-salts do not crystallise from aqueous solvents, 
and have only been obtained as oils. A mixture of the dAdB- and 
/A/B-salts melts at about 203°, and does not liquefy at a much lower 
temperature when it is suddenly heated, as does a mixture of the 
corresponding sulphobenzylethylpropylsilicyl compounds. 

The melting points and specific rotations of some salts of the dl-acid 


and of the two optically active compounds are given in the following 
table ; ' 
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Salts of Al-, d-, and 1-Sulphobenzylethylisobutylsilicyl Oxides, 
SO, HC, HCH, *SiEt(C,H,)-O-SiEt(C,H,)*CH,°C,H,-SO,H. 
d-Methylhydrindamine Salts. 


d-Acid. 7-Acid. 
M. p. 207—209°. An oil. 
[a], +16°7° in methyl alcohol. 
[a], +14°8° in chloroform. 


1- Methylhydrindamine Salts. 


d-Acid. 7-Acid, 

An oil. M. p. 207—209°. 
[a], -—17°0° in methy] alcohol. 
[a], — 14°4° in chloroform. 


1-Menthylamine Salts. 


d- Acid. al- Acid. 1-Acid. 
M. p. 254—258° M. p. 240—245 M. p. 253—257 
[a], — 13°9° * [a], - 14°7° [a], —17°2° 


d-Bornylamine Salts. 


ad-Acid. dl-Acid. 7-Acid. 
M. p. 209—211° M. p. 207—209° M. p. 210—212° 


Cinchonidine Salts. 


d-Acid. dl-Acid, l-Acid. 
M. p. 171—173° M. p. 175—177° M. p. 181—183 
[a], — 68°5 [a], — 69°3° [a], — 69°3° 


Cinchonidine Hydrogen Salts. 


d- Acid. dl-Acid. l-Acid. 
M. p. 282—284° M. p. 225—229° M. p. 229—231° 


It will be seen from these data that the 7-menthylamine salts of the 
d- and /-acids differ appreciably in specific rotation, although they 
have practically the same melting point; also, that the salt of the 
dl-acid melts at a considerably lower temperature than those of the 
active acids. In these respects the properties of the /-menthylamine 
salts of the d-,/-, and di-sulphobenzylethylisobutylsilicy] oxides afford 
a much clearer indication of the enantiomorphous relationship of the 
active acids than do the corresponding salts of the sulphobenzylethy!- 
propylsilicyl oxides, which are practically identical in melting 
point and specific rotation (loc. cit., p. 468). 


* This and all the following values for specific rotations are those obtained in 
methyl-alcoholic solution. 
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The d-bornylamine salts of the d-, /-, and d/-acids have practically 
the same melting point, and are very similar in outward properties, so 
that in these compounds the enantiomorphous character of the acids is 
almost completely hidden, as is the case with the corresponding 
sulphobenzylethylpropy! derivatives. 

The cinchonidine salts of the d- and /-acids showa greater difference 
in melting point than do the corresponding salts of the sulphobenzy!- 
ethylpropylsilicyl oxides, and it may be noted that the salt of the 
d-acid has a lower melting point than that of the d/-compound. The 
cinchonidine hydrogen salts are very similar in properties, and show 
the same relationship as that observed in the case of the sulphobenzyl- 
ethylpropyl compounds. 

The broad results of this investigation bring out, as was to be 
expected, the analogy between the derivatives of benzylethyliso- 
butylsilicol and those of its lower homologue. As resards the general 
chemical behaviour of the two series of compounds, the most im- 
portant difference between them is observed in sulphonating the 
silicol and the oxide, in which process the isobutyl derivatives are 
doubtless decomposed to some extent with separation of the isobutyl 
group (loc. cit., p. 2014). As regards the optical properties of the 
active acids, it is obvious that the substitution of isobutyl for propyl 
in the two asymmetric silicon groups nearly doubles the molecular 
rotation, and also has an effect in emphasising the enantiomorphous 
character of the compounds when they are combined with a given 
optically active base. 

EXPERIMENTAL. 


Resolution of dl-Sulphobenzylethylisobutylsilicyl Oxide. 


When a solution of /-methylhydrindamine hydrochloride is added 
slowly to an aqueous solution of the pure sodium salt of sulphobenzyl- 
ethylisobutylsilicyl oxide, prepared from the pure /-menthylamine salt, 
there is first formed a precipitate resembling the white of an egg; on 
stirring the liquid, however, this precipitate disappears, and the solu- 
tion becomes exceedingly viscous. On further addition of the hydro- 
chloride, the solution again becomes turbid, and finally there is formed 
an oily precipitate, which becomes solid on standing for some hours. 
After decanting the supernatant liquid and washing with water, the 
precipitate is dissolved in aqueous methyl alcohol and the solution 
allowed to remain at the ordinary temperature; a white, crystalline 
deposit impregnated with oil is thus obtained. This deposit is 
separated by filtration, freed from oil as far as possible with the aid 
of a filter-pump, and recrystallised from aqueous methyl alcohol as 
before. Continued fractional crystallisation results in the separation 
of the original precipitate into colourless erystals of the pure /A/B- 


av 
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salt, intermediate fractions, and mother liquors which give oily 
deposits of the optically impure dA/B-salt. The intermediate crystal. 
line fractions are reserved, and worked up with corresponding portions 
of salt obtained in subsequent resolutions. The oily deposits from the 
mother liquors are mixed with a very slight excess of sodium 
carbonate, and the methylhydrindamine is expelled with the aid of 
steam, alcohol being added from time to time to control the very 
troublesome frothing which always occurs. The solution of the sodium 
salt of the optically impure d-acid is then neutralised with acetic acid, 
concentrated on the water-bath, and treated with a solution of 
d-methylhydrindamine hydrochloride ; the precipitate, after having 
been washed with water, is fractionally crystallised from aqueous 
methyl alcohol, and is thus resolved into pure dAdB-salt, intermediate 
erystalline deposits, and mother liquors containing the 7AdB-compound, 
Employing the /- and d-bases alternately in this way, a very con- 
siderable proportion of the dl-acid may be resolved and obtained in 
the form of the pure /A/B- and dAdB-salts. The most convenient 
method is to convert half the original dl-acid into the salt of the 
d-base, and the other half into the salt of the /-base ; after isolating as 
large a quantity as possible of the dAdB- and /A/B-compounds, the 
bases in the remaining salts are transposed in the manner described 
above, and fractional crystallisation is continued. 


d-Methylhydrindamine d-Sulphobenzylethylisobutylsilicyl Oxide, 
SO,H°C,H,°CH,-SiEt(C,H,)*O-SiEt(C,H,)-CH,°C,H,°SO,H,2C,,H,,N. 
This compound is deposited from aqueous-alcoholic solution in 
opaque nodules ; it is very soluble in alcoho! and in moist acetone, but 
almost insoluble in anhydrous acetone or water. It melts at 207—209, 
and is anhydrous. 
Its specific rotation was determined in methyl-alcoholic solution: 
0°'756, made up to 25 c.c. in a 2-dem. tube, gave a+ 1°01° ; whence 
[a], +16°7°. 
Its specific rotation in chloroform solution was also determined : 
0°756, made up to 25 cc. in a 2-dem. tube, gave a+0°89° ; whence 
[a]p +14°8°. 


l- Methylhydrindamine |-Sulphobenzylethylisobutylsilicyl Oxide. 


This compound is, of course, identical with the dAdB-salt in 
melting point and outward properties. Its specific rotation was 
determined in methyl-alcoholic solution : 

0°695, made up to 25 c.c. ina 2-dem. tube, gave a—0°95° ; whence 
[a |p - 17-0°. 
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Its specific rotation was also determined in chloroform solution : 
0695, made up to 25 ec. in a 2-dem. tube, gave a—0°8°; whence 
[a]p — 14°49. 

A mixture of approximately equal quantities of the dAdB- and 
/A/B-methylhydrindamine salts melted at about 203°; on plunging the 
mixture into a bath heated at 160°, no sign of change occurred, and the 
melting point was practically the same as before. This behaviour is 
different from that of a mixture of the corresponding salts of sulpho- 
benzylethylpropylsilicyl oxide, as in the case of the latter a mixture 
of the two pure salts has a melting point considerably lower than that 
of its components, and liquefies immediately when introduced into a 
bath already heated at 160°. In all other respects, however, these 
salts of the active sulphobenzylethylisobutylsilicy] oxides are very 
similar to those of their lower homologues. 


Sodium Salts of the Optically Active Sulphobenzylethylisobutylsilicyl 
Oxides. 


The sodium salts of the d- and the /-acids are crystalline compounds 
very readily soluble in water. For the determination of their specific 
rotations, weighed quantities of the pure d- and /-methylhydrindamine 
salts were separately dissolved in alcohol, treated with a slight excess 
of hydrated sodium carbonate, and the organic base distilled as rapidly 
as possible in a current of steam. When all the base had been 
removed, the solutions were transferred to an evaporating basin, 
neutralised with acetic acid, and concentrated to about 10 cc. 
They were then filtered if necessary, made up to 20 cc, and 
examined : 

0923 of the dAdB-methylhydrindamine salt (=0°663 gram of 
sodium salt) gave, in a 2-dem. tube, a+0°69°; whence [a], +10°4°. 

0'823 gram of the 7A/B-methy!hydrindamine salt (=0°591 gram of 
sodium salt) gave, in a 2-dem. tube, a — 0°62°; whence [a], — 10°5°. 

The agreement between these values leaves nothing to be desired, 
and corresponds with a molecular rotation, {M], +65°9°, which is very 
much higher than that, [M]p +35:2°, of the sulphobenzylethylpropy!- 
silicy] oxides. 

In preparing these sodium salts, care was taken to avoid heating 
the alkaline solutions longer than was absolutely necessary, in view 
of the possibility of the occurrence of racemisation; the following 
experiment seems to show, however, that the acids are optically 
stable, 

A solution of the sodium salt, obtained as described above from 
‘ne dAdB-methylhydrindamine salt, was treated with a solution of 
‘methylhydrindamine hydrochloride ; the precipitate solidified almost 
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immediately, and after one crystallisation from aqueous methyl alcohol 
melted at 206-—208°, that is to say, at practically the same temperature 
as the pure ¢AdB-compound. 


1-Methylhydrindamine d-Sulphobenzylethylisobutylsilicyl Oxide, 


This compound is precipitated as an oil on adding a solution 
of ¢-methylhydrindamine hydrochloride to a solution of the sodium 
salt of the d-acid; as it did not solidify even when kept for 
some weeks, it was only examined qualitatively. It is soluble 
in cold water, but is precipitated from the solution on the addition 
of sodium chloride. Methyl alcohol also produces a turbidity in 
the aqueous solution, but the liquid becomes clear again on the 
further addition of the alcohol. The effect of heat is similar; the 
solution becomes turbid at first, but clear again on heating more 
strongly. 


d-Methylhydrindamine 1-Sulphobenzylethylisobutylsilicyl Oxide. 


This compound, prepared from the solution of the sodium salt 
of the /-acid, showed the same behaviour as its dA/B-isomeride. 

The great difference in outward properties between the salts 
obtained by combining one of the optically active sulphobenzylethyl- 
isobutylsilicyl oxides with d-methylhydrindamine, on the one hand, 
and with the J-base on the other, is even more marked than in the 
case of the corresponding active sulphobenzylethylpropylsilicy! oxides, 
and the fact that a given solution of one of the active acids yields 
such very different compounds when treated under similar conditions 
with d- and with /-methylhydrindamine hydrochloride respectively, is 
in itself sufficient proof of the enantiomorphous structure of the 
silicon molecule. 


|-Menthylamine d-Sulphobenzylethylisobutylsilicyl Oxide, 
SO, H-C,H,-CH,SiEt(C,H,)*O-SiEt(C,H,)*CH,°C,H,-SO,H,2C,,H,,¥. 


This salt is obtained as a crystalline precipitate on adding 4 
solution of /-menthylamine hydrochloride to a solution of the sodium 
salt of the d-acid ; it crystallises from moist ethyl acetate in clusters 
of shining needles, which contain water of crystallisation : 

08096 lost 0°0626 at 100°. H,O=7°7. 

C,,H,,0,N.S,Si,,4H,O0 requires H,O =7°4 per cent. 

The anhydrous salt melts at 254—258°. 

The specific rotation was determined in methyl-alcoholie solution: 

0-747 of the anhydrous salt, made up to 20 ¢.c., gave a— 1-04" ina 

2-dem. tube ; whence [| a], — 13°9°. 
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1-Menthylamine |-Sulphobenzylethylisobuty|silicyl Oxide. 


This compound, prepared from the sodium salt of the /-acid, is 
similar in outward properties to the corresponding salt of the d-acid : 
(5974, of air-dried salt, lost 0°045 at 100°. H,O = 7:5 per cent. 

The anhydrous compound melts at 253—257°. 

The specific rotation of the salt was determined in methyl-alcoholic 
solution in a 2-dem. tube : 

0552 of anhydrous salt, made up to 20 c.c., gave a — 0°95°; whence 
[a], — 17°2°. 

Although these two menthylamine salts have practically the same 
melting point, they have appreciably different specific rotations ; their 
melting points are also considerably higher than that of the salt of 
the d/-acid. A mixture of equal quantities of the salts of the d- and 
Lacids was crystallised from ethyl! acetate ; the deposit thus obtained 
melted at the same temperature as the original salt of the dl-acid. 
No indication of dimorphism was observed in the case of these 
menthylamine salts, which is rather noteworthy considering their 
very close relationship to the corresponding derivatives of the sulpho- 
benzylethylpropylsilicyl oxides (Kipping, Trans., 1908, 93, 468). 


d-Bornylamine Salts of the d- and }- Acids. 


These salts were precipitated on the addition of d-bornylamine 
hydrochloride to solutions of the sodium salts of the active acids in 
the form of oils which ultimately solidified. They were washed with 
water and recrystallised from aqueous methyl alcohol, being thus 
obtained in beautiful, shining needles. The salt of the d-acid melted 
at 209—211°, and that of the /-acid at 210—212°; the melting point 
of the salt of the dl-acid (this vol., p. 2015) is a trifle lower than 
that of the d-compound.* 


Cinchonidine Salts 0 the d- and |-Acids. 


These salts were obtained as sticky precipitates on the addition of 
cinchonidine hydrochloride to solutions of the sodium salts of the 
active acids ; the compounds were washed with water, dried, and then 
crystallised over sulphuric acid from acetone containing a little methy] 
alcohol ; they were thus obtained as colourless, crystalline powders. 


* This opportunity may be utilised to correct an obvious slip which was made in 
describing the d-bornylamine salts of the sulphobenzylethylpropylsilicy] oxides 
Kipping, Trans., 1908, 98, 470). In the sentence (11 lines from the bottom of the 
page) “‘recrystallisation failed to raise the melting point of the 7-acid as high as 
that of the salt of the d-acid,” the letters 7- and d- should be transposed. 


ay 
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Their specific rotations were determined in methyl-alcoholic solution 
with samples which had been dried at 100°. 
Salt of d-acid : 0314, made up to 25 ¢.c., gave a — 1°72° in a 2-dem, 
tube ; whence [a],, — 68°5°. 
Salt of l-acid : 0°357, made up to 25 c.c., gave a — 1°98° in a 2-dem, 
tube ; whence [a], — 69°3°. 
The salt of the d-acid melted at 171—173°, and that of the J-acid 
at 181—183°, slight darkening occurring in both cases. In outward 
appearance and in their behaviour towards solvents, they resembled 
the salt of the dl-acid (loc. cit., p. 2015). 


Cinchonidine Hydrogen Salts of the d- and 1|-Acids. 


These compounds were obtained from the normal cinchonidine salts 
in the manner described in the case of the dl-derivative (p. 2016). 
The friable solids thus obtained were dissolved in a small quantity 
of methyl alcohol, and precipitated by means of acetone in the form 
of microcrystalline powders. The salt of the d-acid melted at 
232—234°, and that of the /-acid at 229—231°. 


We desire to express our thanks to the Royal Society for a Govern- 
ment Grant in aid of this investigation. 


UNIVERSITY COLLEGE, 
NOTTINGHAM. 


CCIX.—Some Molecular Compounds of Styphnic and 
Picrie Acids. 


By Cares STANLEY GIBSON. 


ALTHOUGH our knowledge of the molecular compounds formed by 
picric acid with other aromatic substances is fairly extensive, little 
work has so far been done on similar compounds which may be formed 
by the analogous trinitroresorcinol, styphnic acid. Noelting and Salis 
(Ber., 1882, 15, 1863) prepared naphthalene styphnate, and Summerer 
has recently described (Diss., Ziirich, 1907) cinnamaldehyde styphnate. 

The styphnic acid used was successfully prepared according to Mera 
and Zetter’s method (Ber., 1879, 12, 2037), and the following 
compounds have been prepared. 


Acenaphthene Styph — e, C,»H),C;H(OH),(NO,),. 


When 3:1 grams of acenaphthene and 5 grams of styphnic acid are 
each dissolved in alcohol and the solutions mixed while still warm, 
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acenaphthene styphnate crystallises out in long needles on cooling. 
It is obtained pure by recrystallisation from alcohol : 
01510 gave 14°05 c.c. N, at 16°7° and 754°5 mm.: N =10°88. 
C,,H,,0,N, requires N = 10°53 per cent. 

Acenaphthene styphnate crystallises in long, orange-coloured, doubly- 
refracting prisms, which melt at 153—i54° to a red liquid. It is 
woderately soluble in cold alcohol, and is decomposed by a large excess 
of this solvent; after several crystallisations, pure acenaphthene 
(m. p.=95°) is obtained. In acetone and ethyl acetate it is readily 
soluble and stable, but in ether it is partly decomposed. The 
compound is decomposed by carbon disulphide, chloroform, carbon 
tetrachloride, light petroleum or benzene. 


Phenanthrene Styphnate, C,,H,,,C,H(QH),(NO,).. 


This compound is prepared by dissolving 3°6 grams of phenanthrene 
in alcohol, and adding the solution to 5 grams of styphnic acid, also 
dissolved in alcohol. On cooling, the substance separates out, and is 
easily purified by recrystallisation from alcohol : 

01806 gave 15:10 c.c. N, at 18°5° and 763°3 mm. N=9°83. 

C,)H,,0,N, requires N = 9-93 per cent. 

Phenanthrene styphnate crystallises in yellowish-red, doubly-re- 
fracting needles melting at 125—126°. It is readily soluble and 
stable in alcohol, acetone or ethyl acetate. In benzene it is readily 
soluble, but the substance suffers decomposition. It is quickly 
decomposed by carbon disulphide, ether, chloroform or carbon 
tetrachloride in the cold, but more slowly by light petroleum. 


a-Bromonaphthalene Styphnate, C,,H,Br,C,H(OH),(NO,),. 


On adding 4°2 grams of a-bromonaphthalene to a warm alcoholic 
solution of 5 grams of styphnic acid, bromonaphthalene styphnate is 
obtained. The compound is recrystallised from as little alcohol as 
possible; the pure substance possesses a distinct odour of bromo- 
naphthalene : 

01704 gave 13°6 c.c. N, at 20°0° and 7575 mm. N=9-27. 

C,,H,,0O,N,Br requires N = 9°30 per cent. 

a-Bromonaphthalene styphnate melts at 107—108°, and crystallises 
in small, bright yellow, doubly-refracting needles. It is soluble 
in ether, acetone or ethyl acetate, and is stable in these solvents. 
When light petroleum is added to the ethereal solution, styphnic 
acid is precipitated. The compound is soluble and fairly stable in 
alcohol, being decomposed by a large excess of the solvent, 
Bromonaphthalene styphuate is immediately decomposed by carbun 


2100 MOLECULAR COMPOUNDS OF STYPHNIC AND PICRIC ACIDS. 


disulphide, chloroform, or carbon tetrachloride, styphnic acid being 
precipitated in all cases. In benzene the decomposition is not sy 
rapid. 


m-Nitroaniline Styphnate, NH,*C,H,*NO,,C,H(OH),(NO,),. 


This substance is formed when warm alcoholic solutions of equi- 
molecular proportions of m-nitroaniline and styphnic acid are 
mixed and the solution allowed to evaporate spontaneously. The 
compound is very soluble in alcohol, and is best recrystallised from 
hot benzene : 

0°1242 gave 19°6 cc. N, at 16°0° and 757°0 mm. N=18°56. 

C,,H,O,,N; requires N= 18-28 per cent. 

mn-.Vitroaniline styphnate crystallises in pale yellow, doubly-refract- 
ing needles, which, like the corresponding picrate, tend to form in 
radiate masses. It melts at 137°, and is soluble and stable in 
alcohol, ethyl acetate or benzene. From its solutions in ether or 
acetone the compound does not crystallise well. It is decomposed 
by carbon disulphide, and to some extent by chloroform or carbon 
tetrachloride. 


m-Nitroaniline Picrate, NH,*C,H,*NO,,C;H,(OH)(NO.,).. 


This compound has not been previously described. It is prepared 
in exactly the same way as m-nitrouniline styphnate, and may be 
puritied by recrystallising from alcohol or benzene : 

00728 gave 12-2 cc. N, at 21°0° and 761°2 mm. N=19°48, 

C,,H,O,N, requires N =19°08 per cent. 

m-Nitroaniline picrate crystallises in doubly-refracting, radiating 
needles, which melt at 143°. The crystals are of a distinctly 
deeper yellow colour than those of the styphnate, but the properties 
generally of the two substances show a very close resemblance. 
The crystals deposited from a benzene solution lose benzene of 
crystallisation very rapidly and become opaque. The compound is 
also readily soluble and stable in alcohol, ethyl acetate, ether or 
acetone, but it does not crystallise well from the latter solveut. 
m-Nitroaniline picrate is almost insoluble, and not so stable in 
carbon disulphide or carbon tetrachloride ; in chloroform it is rather 
more soluble. Even in hot water the compound suffers very little 
decomposition. It is interesting to note in this connexion that 
Vignon and Evieux, basing their evidence on the heat of solution 
in benzene of o-nitroaniline and of picric acid compared with that 
of a preparation wade by mixing picric acid with fused o-nitro- 
auiline, and also on a cryoscopic determination of the molecular 
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weight of the preparation, hive quite recently (Compt. rend., 1908, 
147, 69) concluded that no combination between picric acid and 
pnitroaniline takes place. 

It is hoped to continue this investigation. 


[ wish to express my thanks to Professor W. J. Pope, M.A., 
ERS. who suggested this work and supplied me with the materials 
employed. 


MunicipAL ScHoou oF TECHNOLOGY, 
VicroRIA UNIVERSITY OF MANCHESTER. 


CCX.—The Formation of Some Carbides. 
By Joun Norman Paina. 


AurHoUGH a certain number of compounds between metals and the 
element carbon has been known from quite early times, the composi- 
tion was, in almost all cases, ill-defined, and the chemistry of these 
substances was first systematically investigated by Moissan, who, at 
the high temperatures made available with the arc furnace, succeeded 
in producing a whole series of new compounds. 

More recently the preparation of some of these carbides has 
been brought about by “‘thermite”’ reactions, and in ordinary fuel- 
heated furnaces. 

In view of the fact that the carbide-forming elements are, in many 
cases, known to react with carbon monoxide and other carbon com- 
pounds, considerable discussion has recently been evoked as to whether 
these elements can combine directly to form carbides in the absence of 
such gaseous impurities. 

Moissan showed that at very high temperatures, where carbon 
appeared to occur in the state of vapour, direct union with the vapour 
of some elements, such as silicon, was possible, and that at lower 
temperatures the presence of metals, such as iron in a fused condition, 
facilitates the formation of carbides in the case of boron and silicon. 
Moissan concludes that this is due to the metal acting as solvent 
of these elements (The Electric Furnace, London, 1904, pp. 264, 274). 

The nature of the reaction which takes place at lower temperatures, 
namely, below 1200°, where carbon vapour can no longer be supposed 
\0 exist, has, however, been left an open question, and an estimation of 
the temperatures at which carbon first combines directly with other 
elements has not yet apparently been carried out. 
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A clearing up of these points has, it is hoped, been accomplished jn 
the case of aluminium, silicon, and iron in the following work, which 
also includes some preliminary experiments with magnesium. 

The method used consisted in mixing intimately the purified element 
and very carefully purified carbon, obtained in a fine state of division, 
and heating at a constant temperature for specified periods of time 
under diminished pressure, which, in this work, was in some cases as 
low as 0°01 mm. 

The apparatus used was of two types: (1) For experiments below 
900°, the mixture was placed in a porcelaiu boat, which was heated in 
a silica tube in a platinum-foil electric resistance furnace, a thermo- 
junction being arranged alongside the tube and opposite the boat for 
the temperature readings. The ends of the silica tube were connected 
by ground joints to glass tubes, on one side leading to a Tépler pump, 
and on the other to a tube containing charcoal, which could be 
cooled by liquid air. In this way, the substance could be heated 
for several hours at a temperature constant to within about 10°, and 
as high as 900°, while the pressure remained below 0°03 mm. (2) For 
experiments above 900°, the mixture was placed in a graphite tube 
about 9 cm. long, 0°9 cm. external, and 0°6 cm. internal diameter, 
fitted in graphite end plugs, which were mounted in water-cooled brass 
holders in a tubular glass flask, the brass tubes being fitted into the 
side-tubes of the flask by means of wax. The graphite tube 
was heated by the passage of an electric current through it 
(compare Greenwood, Trans., 1908, 93, 1485). Exact temperature 
readings could be taken by means of the Wanner optical pyrometer. 
A constant temperature, which could be taken as high as 
2000°, was obtained in the middle part of the tube over a distance of 
about two-thirds of the total length, although the temperature at the 
ends was rather lower. The pressure could be kept at about 0°05 mm. 
by means of « glass tube 7 inches long and 1} inches diameter, filled 
with cocoanut charcoal, and immersed in liquid air. This tube was 
usually attached to the neck of the flask by means of a ground joint. 
Several experiments were conducted without the use of the charcoal 
tube, exhausting by the Topler pump alone, whereby the pressure 
obtained was not so low. Measurement of the low pressures was 
made by means of a McLeod gauge, which was first carefully 
calibrated. 

The carbon used for studying the formation of carbides was in the 
form of retort graphite, which was powdered in an agate mortar, 
sieved through cotton, and heated in a carbon tube resistance furnace 
for about half an hour * at a temperature of 1800 —2000° in a current 


* Originally designed by Hutton and Patterson (7'rans. Faraday 50, 
1905, 1, 1). 
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of chlorine and then for the same time in hydrogen. Before this 
treatment, the carbon contained 0°38, and afterwards less than 0:01, 
per cent. of ash. 


Aluminium Carbide. 


Guntz and Masson (Compt. rend., 1897, 134, 187) showed that 
aluminium in presence of a trace of aluminium chloride reacts with 
carbon monoxide and carbon dioxide to give aluminium carbide 
and alumina. 

Franck (Chem. Zeit., 1898, 22, 236) prepared a small quantity of 
this carbide by heating aluminium in carbon monoxide, and also 
by heating the metal with lampblack. 

In the preparation of aluminium carbide in the Moissan are furnace, 
starting with ingots of the metal, the author found that the reaction 
took place chiefly by the fixation of the carbon monoxide present 
(Pring, Trans., 1905, 87, 1531). 

Weston and Ellis (Zrans. Faraday. Soc., 1908, 4, 60) prepared 
aluminium carbide by the interaction of aluminium powder and 
various varieties of carbon, heated in a muffle furnace, and obtained in 
some cases yields as high as 66 per cent. of the carbide. 

They conclude that the air played an important part in the 
reactions, chiefly by causing oxidation of the aluminium powder and 
thereby raising the temperature of the mixture, and if air had been 
rigorously excluded they consider that very little action would have 
taken place. 

In the work described below, aluminium was used in the form of a 
very fine powder, carefully washed with alcohol and ether to remove 
any carbonaceous matter, and dried at 150°. The metal, on analysis, was 
found to contain Al= 98°91, Fe=0°90, and Si=0°04 per cent. This 
was then intimately mixed with purified carbon in the proportion 
demanded by the formula Al,C,, and heated in the porcelain boat 
according to method 1, or in the graphite tube according to 
method 2. 

After each experiment a portion of the product was examined by 
completely decomposing with dilute hydrochloric acid, collecting the 
ges evolved, and analysing in a Sodeau apparatus, which enabled the 
ethane to be estimated to within about 0-05 per cent. 

Precautions were taken to avoid the formation of nitric acid during 
explosion of the hydrogen. 

The results of the experiments are expressed in tabular form on 
p. 2104, 

From these results, one can see that the reaction commences at a 
surprisingly low temperature, namely, 650°. It proceeds, however, 
somewhat slowly, and only at about 1400° is the combination complete 
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Pressure. 
cr - ~ Percentage 
Duration of | Maximum, Average. of Al,C, * 
Temp. experiment. mm. mm. in product. 
1420° 75 mins. 9°0 6°0 nearly all Al,C, 
1250 30 ,, 7°0 5°5 39°2 
1250 30 ,, 0°05 0°04 48°4 
1180 30 ,, 150 9°0 40°7 
1090 oe 6°0 5°0 20°7 
970 me 4 80 70 9°4 
870 50 3, 1-0 0-8 44 All 
750 2 hours 0°4 0°14 674 heatec 
650 . 0.35 0-20 13 
500 ee 0-03 0-008 nil afterv 
600 0°12 0°015 nil aqueo 
* Only some two-thirds of the mixture was exposed to the temperature here igniti 
recorded in the case of experiments carried out above 900° where the graphite tube to est 
was used. with 
The 
in a short time. The product in all cases is the characteristic, a cry 
brilliant yellow-coloured Al,C,, although, probably owing to its fine was 0 
state of division, no crystalline structure was apparent when examined green 
under a high power microscope. below 
In« 
- . f the 
Silicon Carbide. : 
if an 
The formation of this compound is stated by Moissan to take place produ 
when carbon and silicon are heated together in a wind furnace at a differs 
temperature of 1200—1400° (The Electric Furnace, 1904, p. 264). 
Tucker (J. Amer. Chem. Soc., 1906, 28, 853) estimated the tempera- Ex 


ture of formation of silicon carbide in the electric carborundum , 
furnace to be 1700—1800°. 

Greenwood (Trans., 1908, 93, 1492) found that the reduction of 
silica by carbon takes place at 1460° under a pressure of 2—3 mm, 
the product obtained being carborundum. 

Further investigation of the formation of this carbide was under- 
taken by the author in order to ascertain the precise temperature of 
the direct union and to examine the possible effect of the presence of 
solid and gaseous impurities. Various kinds of silicon were taken 
for this purpose, namely, that obtained by the Deville process with 
aluminium, commercial silicon prepared in the electric furnace, and 
thirdly, the same substance carefully purified by subsequent chemical 
treatment. This purification process consisted in grinding the silicon 
in an agate mortar and sieving through cotton, to obtain a very fine 
powder. This was then treated with hot aqua regia until no further 
action took place, filtered and washed, and then treated twice with Moi 
hot hydrofluoric acid solution in a platinum dish and evaporated to with i 
dryness. pressu 
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Analyses of the different varieties gave the following results : 


Deville Commercial Purified 

silicon. silicon. silicon. 
Ee See eee Sane — _ 99°70 
Obs. ceidiinmice st Sincaihitlenoibaae 0°73 5°52 0°10 
| ee SATIN EN Ak AERO R SE TR 5°24 0°73 0°20 


SiO, and other impurities 2°62 


All the experiments with silicon were conducted in the electrically 
heated graphite tube inside the glass flask, and the product was 
afterwards analysed by taking a known weight, treating with hot 
aqueous potassium hydroxide to remove the free silicon, and then 
igniting at a red heat in air until no further loss in weight occurred, 
to estimate the carbon. With impure silicon, a further treatment 
with aqua regia followed, to remove iron, ete. 

The product remaining consisted of the carbide, SiC, which had 
a crystalline appearance when examined under a microscope, and 
was of a light grey colour when the purified silicon was used and 
greenish-black with the impure varieties. The results are given 
below in tabular form. 

In experiment No. 9, electrolytic iron to the amount of 13 per cent. 
of the total mixture was added to the silicon and carbon to ascertain 
if any effect in lowering the temperature of combination was 
produced, The result showed that the presence of iron causes no 
difference in this reaction. 


Pressure. 
Duration r : ~ Percentage 
Expt. of run, Nature of Maximum. Average. of SiC in 
No. Temp. mins. silicon, mm. mm. product, 
1 1100° 12 Commercial 1°00 0°35 nil 
2 1300 30 ™ 0°15 0°10 28°0 
3 1200 40 ia 0°14 0°10 5°5 
4 1280 30 Deville 0°02 0°02 ye | 
5 1400 30 is 0-02 0-015  30°0 
6 1200 35 a Atmosphere of CO 1°2 
’ 1310 30 Purified 0°05 0°03 8°0 
8 1400 30 i 0°07 0°05 30°0 
9 1240 30 Purified+13% Fe 4°00 3°00 nil 
10 1340 30 Purified 5°00 4°00 8°0 


It is thus apparent that with highly purified silicon combination 
occurs at temperatures as low as 1300°, whilst already at 1400° a con- 
siderable proportion of the materials have united to form carborundum. 
With the more impure varieties, the reaction commences at somewhat 
lower temperatures. 


Tron Carbide. 


Moissan considered that the direct union of carbon, silicon, and boron 
with iron at 1200° indicates that these elements exert a slight vapour 
pressure at this temperature (Zhe Llectric Furnace, 1904, p. 258). 

7A 
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The union of carbon with iron in a vacuum has been investigated by 
W. C. Roberts-Austen (J. Jron and Steel Inst., 1890, 81), why 
heated together electrolytic iron and diamond dust, and found thy 
some combination took place at a full red heat. No exact temperatuy 
measurement was made, however, and no information regarding th 
completeness of the vacuum appears to be given. It was accordingly 
thought it would be of some interest to carry out further experiments 
on this subject at various known temperatures, using the highest 
vacuum obtainable in the apparatus described above, and measuring 
the pressure. 

Electrolytic iron in the form of fine powder was mixed with carefully 
purified retort carbon (containing very little ash) in the proportion 
demanded by Fe,C, placed in a porcelain boat, and heated according t 
method 1 described above. 

After each experiment, a small portion of the product was tested for 
combined carbon by the colorimetric test, using 50 per cent. nitric acid, 
and comparing the colour with that given by a steel of known com- 
position, treated alongside in the same manner. 


Pressure. Percentage 

c as ~ of combined 
Duration Maximum. Average. carbon 

Temp. of run. mm. mm. in product. 
870° 3 hours 0°05 0°04 0°44 
850 _ 0°06 0°05 0°32 
660 . x 0°08 0-05 nil 
750 ek 0°04 0°02 0°35 

Magnesium. 


The existence of a carbide of magnesium was first announced by 
Berthelot, who heated magnesium powder in a stream of acetylene 
and obtained a product which evolved acetylene on treatment with 
water. This carbide was found by Moissan to be completely decomposed 
at a high temperature. 

By the reduction of magnesium oxide by carbon, Slade (Trans., 
1908, 93, 327) showed the possibility of preparing metallic magnesium 
by the use of a graphite retort. On conducting this reaction in 4 
current of hydrogen, the metallic product was largely contaminated 
with a carbide which gave acetylene on treating with water. Slade 
considers this carbide to have arisen by the interaction of acetylene 
and magnesium. 

Weston and Ellis (Zrans. Faraday Soc., 1908, 4, 71) publish a 
footnote to a paper announcing that evidence of the direct combination 
of magnesium and carbon has been obtained. 

In the present work, it was thought that it might be possible 
to effect decomposition of maguesium chloride vapour at 4 high 
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temperature by means of hydrogen containing some acetylene or 
benzene vapour by an analogous reaction to that which was found 
to take place between silicon chloride and acetylene, giving silicon 
carbide. 

Some experiments were accordingly carried out * in a carbon tube 
furnace placed horizontally, fitted in the centre with a vertical inlet 
tube, and provided with a condensing tube at the end. The carbon 
tube was heated to the temperature at which magnesium chloride 
yolatilises, a current of hydrogen containing benzene vapour passed 
through, and magnesium chloride admitted by the vertical tube. 
It was, however, not found possible to effect any decomposition or 
obtain a product which gave any considerable evolution of gas on 
treating with acid. 

The effect of heating pure magnesium powder with pure carbon 
in a high vacuum was next investigated, using method 1, deseribed 
above. It was found in all cases that the metal practically all 
distilled from the boat, leaving behind carbon, and condensing in 
the cooler parts of the porcelain tube. The product was analysed 
ny decomposing with hydrochloric acid, collecting the gas evolved, 
and estimating the hydrocarbon present. No trace of acetylene 
was in any case noticeable. On treating with hot water, a 
slight evolution of gas was noticed with the product from experi- 
ment 4. 

Small amounts of a hydrocarbon, other than acetylene, appeared 
to be present in this gas, apparently showing a slight solubility of 
carbon in magnesium at these temperatures, with the formation of 
traces of some carbide other than that obtained at higher temperatures. 


Pressure. 


— 


r ~ Percentage 
Duration Maximum. Average. of (MgC)? 


Expt. No, Temp. of run. mm. mm. in product. 
1 650° 30 mins. 0°8 0°25 0°85 
2 700 2 hours 0°2 0°10 0°6 
3 1000 45 mins. 0°20 0°15 0°4 
4 600 3 hours 0°05 0°04 1:2 


Summary and Conclusion . 


Silicon.—The direct union of pure silicon and carbon in a vacuum 
commences between 1250° and 1300°, the reaction proceeding rapidly 
above 1400°, 

Commercial silicon containing 5 per cent. of iron and 0°7 per cent. 
of aluminium reacts with carbon at all temperatures above 1200°. 

The presence of iron does not apparently facilitate the reaction, nor 
does carbon monoxide exert any influence between the limits of 


* Conducted by W. Fielding. 
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atmospheric pressure and 0:03 mm. ; hence already below its melting 
point silicon is proved to combine with carbon. 

Aluminium.—This element unites directly with pure carbon jy 
a vacuum at its melting point (650°), forming aluminium carbide 
(AL,C,), and the velocity of the reaction increases with the tempera. 
ture, proceeding rapidly above 1400°. 

Jron.—Direct union with carbon occurs at about 700° under 
pressure of about 0°05 mm. 

Magnesium.—Evidence is forthcoming to indicate the formation to 
a limited extent of a new carbide below 600°, this compound giving 
some saturated hydrocarbon (probably methane) on decomposition 
with water or acids. At higher temperatures the reaction apparently 
ceases. This unstable compound is probably Mg,C, of an analogous 
nature to Al,C,; the only carbide of magnesium, MgC.,, hitherto 
known corresponds with the carbides of the alkali and alkaline earth 
metals. 


Finally, I wish to thank Dr. R. S. Hutton for the kind interest he 
has taken in this work and for much valuable advice and assistance. 


ELEcrro-CHEMICAL LABORATORY, 
MANCHESTER UNIVERSITY. ~ 


CCXi.—The Relation between Absorption Spectra and 
Chemical Constitution. Part XIT. Some Amino- 
aldehydes and -ketones of the Aromatic Series. 


By Epwarp Caarves Cyrtt Baty and Errre GwenDOLINE Marspev. 


In a previous paper (Baly and Collie, Trans., 1905, 87, 1332), the 
absorption spectra of benzaldehyde and acetophenone were described, 
and it was shown that both these compounds exhibit only a very 
small absorption band, the view being put forward that the motions 
of the benzene ring were to a very great extent restrained by the 
presence of the ketonic oxygen in the B-position in the side-chain. We 
have now investigated some of the amino-aldehydes and -ketones of 
the benzene series with the view of determining the influence of the 
amino-group. From a comparison of the absorption of aniline with 
that of benzene, it is evident that the influence of the amino-group is 
directly opposite to that of the ketonie oxygen in the f-position, for 
the very large absorption band of aniline would suggest that the 
dynamic activity of this compound is even greater than that of 


he 
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benzene itself. This fact is, of course, in agreement with the results 
obtained by magnetic rotation (Perkin, Trans., 1896, 79, 1025). In 
the amino-aldehydes and -ketones we have therefore two well-detined 
influences brought simultaneously to bear on the phenyl group, 
namely, first the ketonic oxygen in the @-position tending to restrain 
and lock up the motions of the pheny! group, and secondly, the amino- 
group with an influence of exactly the opposite nature. 

Inasmuch as the absorption curves of these compounds all show 
large absorption bands, it is evident that the restraining influence of the 
ketonic or aldehydic group is more than counteracted by the 
amino-group. 

It is interesting, moreover, to note that in these compounds 
generally the ortho-isomeride exhibits the greatest absorption band 
and the para the least ; the meaning of this is not at present clear. It 
may be pointed out that these substances are coloured yellow, owing 
to their absorption bands being situated in the visible region of 
the spectrum. If to the solution of one of the aminoaldehydes or 
aminoketones in alcohol a small quantity of alcoholic hydrogen 
chloride is added, the yellow colour of the solution is very much 
intensified, and the absorption spectrum now shows a new absorption 
band nearer to the red and at greater concentration than the original 
band. In the presence therefore of very swall quantities of hydrogen 
chloride, the alcoholic solution of amino-aldehydes and -ketones shows 
two absorption bands, the principal band being unaltered by the small 
amount of free mineral acid. 

The effect of the mineral acid is most pronounced in the para- 
isomeride and least in the case of the meta-compound. In Fig. 1 the full 
curve shows the absorption spectrum of o-aminobenzaldehyde, and the 
dot and dash curve that of the para-isomeride ; the upper and lower 
dotted curves show the absorption of the two compounds in presence 
of 1/2 equiv. and 1/10 equiv. of hydrogen chloride respectively. The 
greater effect produced in the case of the para-compound by 1/10 
equiv. of hydrogen chloride than by as much as 1/2 equiv. in the case 
of the ortho-isomeride is very evident. The lower portions of both 
curves are not altered in any way by such small quantities of acid. 
Fig. 2 (full and dotted curves) and Fig. 3 (dot and dash, dash and two 
dots curves) represent the absorption of p- and o-aminoacetophenone in 
neutral and, slightly acid alcoholic solutions respectively. We give 
only the results obtained with the ortho- and para-compounds ; the 
results were quite similar with the meta-isomerides, but in a less 
degree than in the case of the ortho-derivative. 

The amount of acid necessary depends very much on the nature of 
the compound, and it appears that less acid is required with the 
aldehydes than with the ketones, and, moreover, as has already 
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been pointed out, less is required with the para-compound than with 
the two other isomerides. The most sensitive compound is p-amino- 
benzaldehyde, which develops a large and very persistent absorption 
band with only 1/10 equiv. of hydrogen chloride, and, since the band 
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Full curve: o-Aminobenzaldchyde. 

Upper dotted curve : 0- Aminobenzaldehyde + 1/2 eq. HCl. 

Dot and dash curve: p-Aminobenzaldehyde. 

Lower dotted curve : - = +1/10 eq. HCl. 

Dash and two dots curve: ,, ite +excess of aqueous HCl. 


is obtained with 1/1000 solution, so the concentration of the acid 
is only V/10,000. The extreme sensitiveness of the reaction is thus 
manifest. If too much hydrogen chloride is added, the effect is 
destroyed, owing to the conversion of the compounds into the hydro- 
chlorides, which in every case are perfectly white compounds. The 
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maximum amount allowable is of the order of 1/2 equiv. ; more than this 
quantity causes the whole spectrum to tend towards that of the hydro- 
chloride. Indeed, in the curve of o-aminobenzaldehyde with 1/2 equiv. 
of hydrogen chloride (Fig. 1, upper dotted curve), it will be noticed 


Fic. 2. 
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Full curve: p-Aminoacetophenone. 

Upper dotted curve : p-Aminoacetophenone + 1/25 eq. HCl. 

Dash and three dots curve : 99 in excess of aqueous HC). 

Dash and dot curve : p-Dimethylaminobenzaldehyde. 

Middle dotted ,, % ” +2/5 eq. HCl. 

Dash and two dots curve: 4 : 4’- Tetramethyldiaminobenzophenone. 

Lower dotted curve : ss o +1/2 eq. HCl. 


that it does not quite coincide with the curve of the compound in 
neutral solution; this is owing to the partial conversion into the 
hydrochloride. 

If the aminic hydrogen atoms be replaced by alkyl groups, the same 
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results are obtained, although in a less degree. This can be seep 
from the curves of p-dimethylaminobenzaldehyde (Fig. 2, dot and das) 
aud middle dotted curves) and of 4:4’-tetramethyldiaminobenzophenone 
(Fig. 2, dash and two dots and lower dotted curves). 

If the substances are dissolved in water or dilute alcohol, the above 
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effect is no longer produced on the addition of hydrochloric acid ; the 
spectrum merely tends towards that of the hydrochloride, although 
this latter spectrum is only finally reached in presence of consider- 
able excess of acid. The absorption of p-amiaobenzaldehyde hydro 
chloride and of p-aminoacetophenone hydrochloride is shown in Fig. l 
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(dash and two dots curve) and Fig. 2 (dash and three dots curve) 
respectively. 

The effect of the addition of hydrogen chloride to these compounds 
seems to be due undoubtedly to the amino-group. Some experiments 
at present in progress on certain complex amino-compounds would 
support this view, for it appears that the nature of the substituent 
group in the aniline residue is immaterial. For example, the amino- 
benzaldoximes exhibit the same phenomenon as can be seen from 
the full and dotted curves on Fig. 3, which show the absorption 
of o-aminobenzaldoxime. It would appear that the addition of the 
acid produces an increase in the amount of the residual affinity of the 
amino-group ; in neutral solution the nitrogen atom is undoubtedly 
tervalent, and possibly the addition of the acid makes it functionate as 
a quinquevalent atom, so that its residual affinity is increased in 
the ratio of 5 to 3. This increase in the residual affinity, being 
as it were superadded to that of the neutral molecule, would no 
doubt account for the new absorption bands. The increase in the 
residual affinity produced by the addition of acid would account also 
‘or the catalytic action of mineral acid on the acetylation of amino- 
compounds. 


Conclusions. 


1. The amino-aldehydes and -ketones of the aromatic series in 
neutral aleoholic solution exhibit one broad absorption band. 

2. The addition of small quantities of alcoholic hydrogen chloride 
to the solution causes the development of a second absorption band, 
the first remaining unaltered, provided that insufficient acid has been 
added to produce the hydrochloride. 

3. This effect is most marked in the amino-aldehydes and further in 
the para-isomeride. It is not produced at all in aqueous solution. 

4, The phenomenon appears to be due to the amino-group ; it is 
possible that the nitrogen atom is caused to functionate as a quinque- 
valent atom, so that the residual affinity is increased in the ratio of 
5 to 3. 

). The results throw considerable light on the catalytic action 
of mineral acid in the acetylation of amines. 


The authors wish to express their thanks to the Chemical Society 
for a grant in aid of this work. 
SPECTROSCOPIC LABORATORY, 


UNIVERSITY OF LONDON, 
UNIVERSITY COLLEGE, 
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CCXII.—The Affinity of Certain Alkaloids for 
Hydrochloric Acid. 


By Victor Herpert VELEY. 


Ir has been observed for many years that certain alkaloids, such as 
those of the cinchona and nux vomica groups and others, although 
containing two atomic proportions of nitrogen or two amino-residues, 
yet combine for the most part with only one molecular proportion 
of hydrogen chloride, their dihydrochlorides being obtained either 
with difficulty under special conditions, or even under no conditions, 
in the solid form. It was thought that the methyl-orange method 
could be applied to determine the proportion of hydrochloric acid 
which will combine in solution with the monohydrochlorides of such 
alkaloids, and hence some insight might be obtained into the relative 
affinities of the two nitrogen atoms or amino-groups. I have at the 
outset to express my obligations to Mr. David Howard for beautiful 
samples of certain cinchona hydrochlorides, to Messrs. Burroughs, 
Wellcome and Co., and workers in their laboratories, for other samples, 
and to several friends who have also rendered assistance. 


The Cinchona Group. 


It is well known that the salt formed directly from these alkaloids 
and hydrochloric acid is the monohydrochloride, B,HCl, sometimes 
called the normal salt, and that the hydrochloride, B,2HCl, sometimes 
called the acid salt, can be obtained by evaporation, under special 
conditions, of solutions of the alkaloid or mono-salt with excess of 
concentrated hydrochloric acid, or by passing the dried gas over the 
mono-salt or other indirect methods. 

Hesse (Annalen, 1875, 176, 227) and Oudemans (ibid., 1876, 182, 
51) determined the specific rotatory powers, [a], of aqueous solutions 
of these alkaloids with different molecular proportions of hydrochloric 
acid, but drew no conclusions as to any difference between the 
affinity values of the two amino-groups. Colson and Darzens (Compt. 
rend., 1893, 118, 250) remarked that quinine contains a feeble basic 
function analogous to that of quinoline, and a stronger basic function 
similar to that of the amines of the ethylic or piperidine series. 
Salamonsen (Ned. Tydsch. Pharm., 1895, 7, 195, 225) regarded 
quinine as a true dibasic alkaloid, and the combination of oné 
molecule of alkaloid with two molecules of hydrogen chloride as the 
normal salt, on the ground that if the salt were truly of an acid 
character it would not be neutral to methyl-orange, even although it 
is acid to litmus. More precise information from the physical 
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chemistry standpoint is afforded by the determinations of Berthelot 
and Gaudechon (Compt. rend., 1903, 136, 128) of the thermo-neutrality 
values of the cinchona alkaloids, which may be summarised as follows 
(¢=heat quantity in 100 gram calories). 


Quinine and Quinidine. 


B + 2mols. HCl. @ = 208 
B + 1st mol. HCl. ~ = 119 


(Difference) B + 2ndmol. HCl @ = 89 


Cinchonine and Cinchonidine. 


B + 2mols. HCl. o = 202°0 
B+ 1stmol. HCl g = 1381°5 


(Difference) B + 2ndmol. HCl g@ = 70°5 


No values could be obtained for cinchonamine, owing to the sparing 
solubility of its salts. 

The heats of neutralisation of the former pair of bases with the first 
nolecular proportion of hydrogen chloride are approximately equal to 
that of dimethylamine (#=118), and those of the second pair of bases 
are approximately equal to those of methylamine (¢# = 131) or piperidine 
(¢=135), whereas in the case of the second molecular proportion of 
hydrogen chloride the values are rather higher than that of quinoline 
(6=68). The difference in the affinity values of the two amino-groups 
is very marked. 

If the formula of Kénigs (Annalen, 1906, 34'7, 232) be adopted for 
quinine and quinidine (cinchinine), namely : 

CH C i. CH 
weo-c” \“ Nou CH, H,C /USCH-CH:CH, 
| |g Ng dnc 
i A Pe C VI vy CH, 
HC N OH N 

and that of cinchonine and cinchouidine which differs from the above 
only in containing a hydrogen atom in the place of the methoxyl 
group, then all these four bases contain a piperidine and a quinoline 
residue, and consequently the affinity constant of one amino-group 
should be of the order of piperidine, k; = 1:58 10~%, and the other of the 
order of quiniline, k, = 3°4 107°. 

It was first found that the monohydrochlorides of the five alkaloids, 
quinine, quinidine, cinchonine, cinchonidine, and cinchonamine, showed 
no indications of hydrolysis with V/20 or V/40 solutions (V = 4 x 108 
and 8 x 10%), and thus they resemble piperidine hydrochloride in that 
their affinity constants are beyond tle limit which can be detected by 


’ 
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the methyl-orange method, which is approximately of the order 
ky=1x10-', but as these alkaloids are precipitated by ammonia 
from their salts, their affinity value is less than 1 x 107°. 

Each of the hydrochlorides was then dissolved in such a volume 
of 1/20 hydrochloric acid so as to form an 1/20 or 4/40 solution 
(according to solubility) of the dihydrochloride on the presumption 
that no hydrolysis of the latter salt took place. Such solutions were 
diluted after the lapse of two or three days in accordance with my 
usual plan of working, and hence the amount of such hydrolysis and 
the affinity constants of the second amino-group determined. The 
results are given as under: 


Quinine Dihydrochloride—Two solutions were examined at a tem- 
perature of 15°: 


V=4x 104 V=2x 10+. V=4x104. V=2x104 
1‘0 2°0 49 8:2 
1°9 4°0 6°9 82 
31 6°0 79 82 
4°0 8-2 


Values of &=1 and 2, hydrolysis value = 31-2, kos) = 3°32 107", 


Quinidine Dihydrochloride.—Two solutions were examined at slightly 
different temperatures. 


V=4x 104 V=2x104 V=4x104 V=2x 104 
Temp. 11°. Temp. 13°. Temp. 11°. Temp. 13°. 
0°9 1°9 34 76 
1°8 3°8 4°5 95 
26 57 5°3 11°4 


Values of k=0°9 and 1°9, hydrolysis values=29°7 and 281 
respectively, kyij)= 3°17 107-19, and kyqs)=3°19 1071 


It appears that quinidine is a slightly weaker base than quinine, 
but the difference is almost within the limit of experimental error. 

The results obtained with the dihydrochlorides of cinchonine, 
cinchonidine, and cinchonamine were practically identical with those 
obtained with the salt of quinine; hence it is not necessary to give the 
figures ; the only difference was that all reaction sooner came to an 
end in the case of cinchonamine,. 

The conclusion to be drawn from these experiments is that the 
aflinity constant of the second amino-group is rather less than that of 
quinoline (see following paper), although it was to be expected that 
the constant would be rather greater, as the piperidine nucleus is in 
the 4-position with respect to the nitrogen atom. But otherwise the 
results are in general accordance with those of Colson and Darzens 
and of Berthelot and Gaudechon, but the statement of Salamonsen, 


el- 


tly 


e; 
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that an aqueous solution of quinine dihydrochloride is neutral to 
methyl-orange, appears to require modification ; it is probable that the 
last author used a too concentrated solution of the indicator. So far 
as [am aware, no determinations have been made of the electric con- 
ductivity of the dihydrochlorides of these alkaloids which might serve 
as a further confirmation of the above results; Bredig (Zettsch. 
physikal. Chem., 1894, 13, 289) determined the conductivities of 
quinine, quinidine, and cinchonine monohydrochlorides, from which it 
was concluded that the velocity of the cinchona ion is of a relatively 
low order. It may be added that Hiidrich (Zeitsch. physikal. Chem., 
1893, 12, 476), by determinations of the specific rotatory power of 
certain salts of the cinchona group, arrived at the conclusion that 
ionisation is complete at V/10 or V/20 dilution. If, then, these 
observations, as also mine, that no hydrolysis could be detected at 
the latter dilution, are well founded, then it would follow either that 
Robertson’s view (J. Physical Chem., 1907, 11, 437) is correct, that 
accurate hydrolysis values can only be obtained when the respective 
functions of the base and hydrochloric acid are of a suflicient different 
order, or, what may come to the same thing, the velocity of the 
cinchona ion is so small that its detection by the methyl-orange 
method requires infinite time. 


Pilocarpine, C,,H,,O.N,- 


The investigations of Jowett, published in a series of memoirs 
(Trans., 1900—1905), have shown that this alkaloid forms a stable 
monohydrochloride, B,HCl, from which the base can be displaced by a 
solution of ammonia in excess (Trans., 1900, 77, 477), and also that 
the alkaloid and its isomeride, ¢sopilocarpine, react with methyl iodide 
to form a methiodide, from which methylamine can be obtained, but 
no further methylation takes place (Trans., 1906, 89, 497, 854) 
even when heated with excess of methyl iodide. The constitution of 
the alkaloid is probably represented by the formula : 

(2) 
EtCH-CH-CH, ( NMe. on 
CO-CH, HC——N 
\/ a 
O 


(Trans., 1905, 87, 797 ; compare Pinner and Schwarz, Ber., 1902, 35, 

2441), or, in other words, it is a methylglyoxaline with a lactonic, 

namely, the homopilopic, residue attached. From these considera- 

tions it would appear that pilocarpine contains one amino-group of 

atinity value lower than that of ammonia, k= 1:7 10-5, probably the 

residue marked +N‘, whilst that of the other group, -NMe, would 
qd) (2) 
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probably be of a much lower order as associated with an acidic group, 
and hence might take up hydrogen chloride only under special 
conditions. 
I am indebted to Dr. Jowett for a sample of pilocarpine (mono) 
hydrochloride used to obtain the following results : 
First, it was found that the above salt showed no hydrolysis jp 
N/20 solution by the methyl-orange method ; hence the affinity value 
of the one amino-group is greater than k,=110~*, and would be 
intermediate between this number and 1-7 10~° (see above). 
Secondly, the monohydrochloride was dissolved in such a volume of 
4/20 hydrochloric acid so as to obtain an /20 solution of the 
dihydrochloride, presuming no hydrolysis took place, and otherwise 
the method of procedure was similar to that used for the cinchona 
salts, 
The following results were obtained at 16°: 


V=8 x 104, V=4x104 V=8x 10". V=4x 104 
1°0 2°1 4°] 8°3 
2°1 4°2 5°2 8°3 
3°2 6°3 6°3 8°35 
Hence k=1:05 and 2:1 respectively, hydrolysis value=65°6 and 


ko = 4°24 10>", a value not far removed from that of creatinine, 
Kix) = 3°69 1071! ; the two amino-groups in pilocarpine have therefore 
a very widely different affinity value, being in the ratio 1 : 500,000 as 
a rough approximation, and the results from the physical chemistry 
standpoint confirm the conclusions arrived at from chemical 
considerations only : 


M 
4-Methylglyoxaline, i yo eH. 


Having regard to the relationship of pilocarpine to the glyoxaline 
series, it was thought that a study of the affinity values of the 
nitrogen atoms or amino-groups of a glyoxaline might be a matter of 
additional interest. For this purpose, Dr. Jowett kindly supplied me 
with a sample of the above compound. The material presented slight 
experimental difficulties, in that it appeared to retain traces of water 
or an oil, and as it was volatile at a comparatively low temperature it 
could not be dried by any heating process, but by adopting suitable 
precautions, it was believed that the necessary small quantities were 
weighed out with only a slight error. 

First, it was found that when an JV/10 solution of hydrochloric 
acid was added to an aqueous solution of a weighed quantity of the 
base, the point of neutrality corresponded very approximately with the 
formation of the monohydrochloride when methyl-orange was used as 
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an indicator according to the usual process of volumetric analysis, 
when the mass of reacting salt is very greatly in excess of that of the 
methyl-orange. 

Secondly, it was found that when the base was dissolved in the 
volume of V/20 hydrochloric acid required to form an 1/20 solution 
of the monohydrochloride, B,HCl, such a solution showed no trace 
Jue of hydrolysis by the methyl-orange method; hence the afliaity value 
be I of the grouping = : is greater than 1 10~’, and is probably of the 
order of the aliphatic amines. 

Thirdly, the base was dissolved in a volume of 4/20 hydrochloric 
Ge acid so as to form an V/20 solution of the dihydrochloride, B,2HCI, 
presuming that no hydrolysis took place; the solution was very 
strongly acidic towards methyl-orange, which would show that the 


second grouping, NH, was either acidic or that the dihydrochloride 
was very largely hydrolysed, such as the cases of hydrazine or the 
diamines of the aromatic amines, for example. After standing for 
some hours, the solution was diluted to V/103—2/400, and these 
solutions allowed to stand for about eighteen hours. 

nd The following results were obtained at a temperature of 18°: 


L. Il. Ill. I. Il. III. 
ore V=8x10% V=4x10% V=2x104 V=8x10% V=4x10% V=2x104 
2°3 7°0 11°3 
2°: 8°3 11°3 
2°3 9-2 11°3 


— 

én 
tw bor 

w 


Values of k=0°6, 1:2, and 2°45, corrected 0°605, 1:21, and 2°42 
respectively ; hydrolysis value 37°8 ; ky,.)=2°78 10-1. As the solu- 
tions gave results identical within the limits of experimental error 
with those obtained in the case of hydrazine hydrochloride, hydro- 

ne lysis value= 37°5 (Trans., 1908, 93, 660), the W/20 original solution 


he was heated for three hours at 60° and diluted, as previously described, 
of but the results obtained did not differ from those of the solution which 
ne had not been so treated. The general conclusion appears to be that 
ht the above methylglyoxaline behaves as a diamine; unfortunately, there 
er have been no determinations of the heats of neutralisation of this base 
it with one and two molecular proportions of hydrogen chloride re- 
le spectively, but it seems probable that the heat value for the first 
re molecule of hydrogen chloride would be about 100, and that for the 

second molecule would be less than 1. It would obviously have been 
‘ic better for the purpose of comparison with pilocarpine to have 
he RC:N Me 


examined a glyoxaline of the type H¢—n7C4- 
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The Nux Vomica Alkaloids: Strychnine and Brucine. 


Both the above alkaloids form a crystalline hydrochloride, B,HC\, 
although containing two atomic proportions of nitrogen or two amino- 
groups. So far as investigations have gone, it appears that they 
contain (i) a hydropyridine residue, (ii) a grouping convertible into 
quinoline (Hanssen, Ber., 1886, 20, 451; Stocker, tbid., 810), and 


(iii) a grouping 0p iy transformable by an intramolecular 


rearrangement into -0<S in that tha so-called methyl- and 


benzyl-strychnines, for example, may be regarded as betaine derivatives 
of strychnic acid (Tafel, Annalen, 1891, 264, 33; Monfang and 
Tafel, idid., 1898, 309, 49). The thermochemical investigations of 
Berthelot and Gaudechon (Compt. rend., 1905, 140, 715) show that 
strychnine and brucine may be regarded as monobasic, although the 
latter will under certain conditions take up as many as four molecular 
proportions of hydrochloric acid ; their neutrality values given are as 


follows : 
Brucine + 1 mol. HCl. @ = 112° 
Strychnine + 1 mol. HCl. @ = 


It is therefore evident that brucine is the stronger. 

It was found that the hydrochlorides of brucine and strychnine 
showed no hydrolysis by the methyl-orange method ; hence the affinity 
value of one amino-group in both is greater than 1 x 10~"; as it 
has been shown independently that ammonia in solution will displace 
strychnine but not brucine from its salts, the affinity value of one 
amino-group in brucine is greater, and in strychnine less, than 
1:710-°. The method of determining the affinity value of the second 
amino-group in these alkaloids was precisely as described above, and 
the following results were obtained. 

Strychnine.—Two solutions of the monohydrochloride, dissolved in 
the required quantity of V/20 hydrochloric acid to form a dibydro- 
chloride, were examined, and the following results obtained at 20°: 


V=8 x 104, V=4x104 V=8x 104. Vx4x104 
1°0 23 | 5°3 , 10°9 
2°1 4°2 6°2 13°0 
3°1 6°4 7°4 13°0 
4°2 8°6 8°6 13°0 


Values of k=1°05 and 2°15, corrected 1:06 and 2°13 respectively ; 
hydrolysis value = 66:3, hence ky. =5°95 10-", a value of the oder 
of benzobetaine, 3-4 10-" (Cumming, Proc. Roy. Soc., 1906, 78, 4: 
139); this result appears to confirm the views of Tafel. 


iCl, 
no- 


hey 
into 
and 


alar 


and 
ives 
and 
3 of 
that 

the 
ular 
@ as 


ALKALOIDS FOR HYDROCHLORIC ACID. 2121 


Brucine.—LThe method of experiment was precisely as that used for 
strychnine, and the following results obtained at 20° : 


V=8x 104. V=4x 10+. 
1°3 2°6 
2°5 5-1 
37 7°8 


but it was observed that all reaction sooner came to an end. 

Values of kK=1'25 and 2°6, corrected 1°27 and 2°55; hydrolysis 
value= 79°4, hence kyo, = 2°52 10-4. The affinity value of the second 
amino-group in brucine is approximately half the corresponding value 
of strychnine ; thus the position of affairs is-reversed as compared with 
the first amino-group, a result which has been independently confirmed 
by another method. However, the data obtained by the methyl-orange 
wethod confirm the general conclusions which have been arrived at 
regarding the constitution of these alkaloids. 


Gelsemine. 


The formula assigned by Cushny (Zer., 1893, 26, 1713) to the 
hydrochloride of this alkaloid is C,,H,.0,,N,,2HCl; although more 
extended investigation may possibly lead to its revision, yet it is not 
probable that the ratio of the atomic proportion of nitrogen to 
molecular proportion of hydrogen chloride would be reduced to 
equality, and therefore the alkaloid might come under the same category 
as those discussed above. An WV/40 solution of the above salt showed 
uotrace of hydrolysis by the methyl-orange method ; such a volume of 
¥/20 hydrochloric acid was then added to a given volume of the 
solution so’as to obtain an V/40 solution of a possible salt, B,4HCl. 
But on dilution and subsequent examination in the usual way, it 
was found that none of the hydrochloric acid thus added had 
combined with the alkaloid; thus proving that of the five atomic 
proportions of nitrogen, three possess a different function from the 
remaining two, presuming that Cushny’s formula is substantially 
correct. 


Summary. 


(1) Determinations are given of the affinity values of the nitrogen 
atoms or amino-groups of certain alkaloids which, although containing 
ore than one atomic proportion of nitrogen, yet form stable com- 
binations with one molecular proportion of hydrogen chloride only, 
the dihydrochloride being produced under special conditions, or, not 
4 yet, obtained in the solid form. It is shown by the application of 
the methyl-orange method that in all cases these values are of a 
Widely different order. 

‘(2) In the case of the alkaloids of the cinchona group, the affinity 
7B2 
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value of one amino-group is less than that of a hydropyridine, whilst 
that of the other is rather lower than that of quinoline. These 
results are in conformity with the accepted constitution of these 
alkaloids and the thermo-neutrality values for the first and second 
molecular proportion of hydrogen chloride added. 

(3) In the case of pilocarpine, the value of one group is intermediate 
between that of ammonia and the limit value of the methyl-orange 
method, whilst that of the other is equal to those of true amphoteric 
electrolytes. A methylglyoxaline was examined on account of the 
relationship of pilocarpine to these compounds ; the value of the two 
nitrogen atoms or amino-groups and its general behaviour corresponded 
with a diamino-base of the type of hydrazine. 

(4) Of the Mux vomica alkaloids, strychnine and brucine were 
examined ; in both cases the affinity value of one amino-group was 
beyond the limit value of the methyl-orange method, but it has been 
shown independently that the value of the brucine group is greater 
than that of strychnine. The affinity value of the second amino-group 
is of the order of value of the betaines, which accords with the 
conclusions arrived at from chemical considerations ; but, here, the 
state of affairs appears to be reversed, as the grouping in brucine has 
a slightly lower value than that of strychnine. 


I have again to express my obligation to friends, and it is hoped 
to lay before the Society in the near future a method for further 
differentiating between the basic values of the alkaloids. 


CCXIII.—The Affinity Constants of Bases as 
Determined by the Aid of Methyl-Orange. 


By Victron HERBERT VELEY. 


Introduction. 


In the present communication it is proposed to give an account of 
results obtained by the methyl-orange method for the hydrochlorides 
of nitrogenous bases derived from eyclic compounds. As some of 
them were antecedent to those contained in my previous publication 
(this vol., p. 652, et seg.), but deferred for the sake of convenience, 
there is nothing further to add as to variation of method or improve- 
ment in detail. 

Since my investigations were published, Salm (Zeitsch. physikal 
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Chem., 1908, 63, 83, e¢ seg.) has used various indicators, and among 
them methyl-orange, for determining the affinity constants of acids ; 
the process adopted by this chemist differs from mine in detail rather 
than in principle, in that he used the method commonly known as 
nesslerisation, namely a series of standard tints. My method appears 
to possess the advantage that several determinations and not one 
only can be made with the same solution, and thus the chance of error 
reduced proportionally to the number of such observations, but, on the 
other hand, Salm’s method would have the advantage over mine when 
the hydrochloric acid, either as such or liberated from a chloride by 
the process of hydrolysis, exceeds a certain amount, since experience 
has shown that a methyl-orange solution containing too many of the 
red ions (whatever their constitution) cannot be matched as regards tint 
by a length of solution containing the orange ions only. Or to state 
the case in another form, observations by my method fail when the 
absorption bands A=541, between D and F, and \=504, between 
b and F, characteristic of the reddened methyl-orange, become too 
pronounced. 

The values obtained for the affinity constants of bases by my 
method are more generally in accordance with those obtained by the 
catalysis of methyl acetate or inversion of sucrose methods; this result 
is to be expected, as in all three methods the constants are determined 
inferentially by the amount of chemical change conditioned, whether 
instantly or after the lapse of time, by the hydrochloric acid liberated 
by hydrolysis. Objections have been raised to this inferential method 
of calculation by Robertson (J. Physical Chem., 1907, 11, 437) on 
the ground that approximately accurate results can only be obtained 
if the larger function, namely, that of the hydrochloric acid, is 
suficiently great as compared with the smaller function, that of the base. 
This criticism has been met by Lundén (J. Biol. Chem., 1908, 4, 268) 
on mathematical considerations based on the degree of ionisation of 
each of the several constituents present in a solution of a hydrolysed 
hydrochloride. So far as my method is concerned, it would appear 
that there is a certain cogency in Robertson’s criticism, in that in the 
case of bases with affinity constants of the order of k, =1 x 10-8 only a 
few observations could be obtained before a condition of equilibrium 
set in, 

The values obtained by my method are also in fair accordance with 
those obtained by the electrolytic method, by which the affinity constants 
are determined directly. The values obtained by Farmer and Warth 
(Trans., 1904, 85, 1713) by the extraction method in some cases 
sccord with, but in others differ widely from, those furnished by other 
methods ; herein it may be remarked that results obtained by any ex- 
traction method are of the nature of a double convergent series, on the 
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one hand, towards totality as regards the extracting liquid, and, on the 
other, towards ni/ as regards the extracted liquid.* The final state of 
affairs may be reached in some cases after some minutes, and in others 
after some hours, according to the peculiar circumstances of each 
case, 

The experimental results are given in Section I, their mutual 
relationships discussed in Section II, and the temperature-coeflicients 
of certain functions deduced from my experiments and those of others 
are dealt with in Section III. 


Salts and Solutions used. 


Some of the salts were purchased directly from reliable firms and 
purified by recrystallisation when necessary, and I have again to 
express my obligations to the Research Fund Committee of the 
Chemical Society for a grant towards the expense. Other samples 
were presented by various kind donors, alluded to in the sequel ; others 
were prepared by adding concentrated hydrochloric acid solution to 
bases, either purchased or presented, and recrystallising the hydro- 
chloride two or three times from water or alcohol. In cases in 
which the salts could not be conveniently obtained in a crystalline 
form by these methods, a weighed amount of the base was dissolved 
in an 4/20 hydrochloric acid solution so as to form an 1/20 solution 
of the hydrochloride, presuming that no hydrolysis occurred ; such 
solutions were kept for a few days before further dilution, so that 
the final state of equilibrium of salt-base-acid-water, or ions thereof, 
might be reached. 


EXPERIMENTAL. 
Section I.—Benzenoid Amines : (1) Monoacidic bases. 


Aniline Hydrochloride—Solutions of three concentrations were 
examined, with the following results : 
[. it. III. s. Il. III. 
V=4x10* V=2x10. V=2x 10+. V=4x10* Vx2x10% V=2x10. 
Temp. 15°. Temp. 15°. Temp. 12°. Temp. 15°. Temp. 15°. Temp. 12. 


1°0 22 3°9 50 10°8 159 
2°2 4°4 81 6°0 12°8 159 
3'1 6°6 12°0 es 12°8 15'9 
41 88 15°9 7°9 12°8 15°9 


Values of & for I and If = 1 and 2°15, corrected 1:03 and 2°07; 


* The use of chloroform, which has also been suggested as the extractive liquid in 
investigations of this kind, appears to be peculiarly open to criticism on account o! 
the difficulty of maintaining this liquid free from traces of hydrochloric acid, % 


readily formed by exposure to light. 


ere 


10 
2° 
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hydrolysis value = 32°2* ; for Ill, k = 4; hydrolysis value = 31:2; 
k, = 2°6 107? at 12°, 3:2 107! at 15°. 

As the hydrolysis values obtained at the several dilutions do not 
differ within the limits of experimental error, which may be taken as 
at + one unit, it would appear that at a dilution of V = 1x 104, 
or thereabouts, either the process of hydrolysis commences to be 
reversed, or the increased mass of inactive water may act as matter 
in the way of the smaller mass of water, which may be regarded 
as active, a conclusion which would be in accordance with the results 
obtained in the study of the effect of water on certain chemical 
changes. But with the view of meeting an obvious criticism that the 
methyl-orange method is not of a sufficient order of accuracy to 
differentiate between the amounts of hydrolysis at the several 
dilutions, the following calculations may be adduced. 

In the Arrhenius equation 

hallng = (L—m)V/a® . . « 2 we © Gd), 

the value of the function k,/k, for aniline from the results of the 
most trustworthy observers is (63+ 0°5)10° at 15°; substituting the 
values V=(1, 2, 4)10* respectively, and solving the equations for 
z, there are obtained numbers which multiplied by 100 are 
given in column II of the table below, and compared therewith 
the values given in column III, which are obtained by my method 
without applying corrections even of the first order. 


I. II. III. 

V. 100 x (calc. ). 100 x (found). 
1 x 104 32°7 at 15° 32°2 at 12° 
2x 104 42°77 ,, _ 31°38 at 15 
4x 104 556 ,, 336 ,, 


It will be evident that the differences of the last two values 
in column II are ten to twenty times greater than the differences 
of the uncorrected values in column III, and such result appears to be 
4 sufficient answer to the criticism. 


Derivatives of Aniline. 


Monomethylaniline Hydrochloride.—Two concentrations were 
examined, with the following results (temperature 18°): 


V=8 x 104, V=4x 104, V=8 x 10. V=4x104, 

0°6 13 3°0 6°0 

12 2°5 3°6 (2 

1°8 3°7 3°6 8°5 

24 49 3°6 9°6 
As As the methyl-orange solution used is the same as in my former work, the factors 
given on p. 656 were used ; for each solution and iudividual observer, such factors 
must be determined separately. It appears desirable to call attention to this point, 
my method is now being applied for the quantitative determination of acid 


solutions which are beyond the limit of volumetric analysis. 
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Values of &=0°6 and 1:2; hydrolysis value=37°5; value of 
ky = 2°55 1071. 

It appears from this result that methylaniline is a weaker base 
than aniline; Walker (Trans., 1898, 67, 576) arrived at an opposite 
conclusion by the inversion of sucrose method at a temperature 
of 60°. 

Dimethylaniline Hydrochloride—The examination of this salt 
presented certain experimental difficulties, owing to the readiness 
with which the base separates out on exposure of the crystals to 
air; Walker (/oc. cit.) was unable to obtain any results for this 
reason. 

Two samples were examined at different times with different 
methods of manipulation, but the results obtained were the same 
within the limits of experimental error ; two series of observations 
are given (temperature 18°) : 


V4 x 16+. V=2~x 104, 
1°2 2°2 
2°4 4°5 
3°6 6°6 


Values of &=1'2 and 2°25, corrected 1:16 and 2°3; hydrolysis 
value = 36:3 ; k, = 2°42 10-1. It will be observed that dimethylaniline 
is a slightly weaker base than aniline, although all reaction sooner 
comes to an end. 

My results for the three bases given above are in the order of 
their thermoneutrality values given by Vignon (Compt. rend., 1888, 
106, 1668). 

Monoethylaniline Hydrochloride.—As the salt of this base and the 
diethyl derivative cannot be conveniently obtained in a pure crystal- 
line form, the bases were dissolved in hydrochloric acid to form 
an V/20 solution, which was subsequently diluted. Two dilutions 
were examined (temperature 19°) : 


V=4x108 V=2x 104 V=4x 104 V=2x 10 
0-9 1°75 3°6 5°25 
1°9 3°5 4-4 5°25 
27 5°25 


Values of k=0°9 and 1:75; hydrolysis value= 27°8 ; k,=4:17 10. 

Diethylaniline Hydrochloride.—No appreciable hydrolysis could be 
detected by my method, and therefore the constant is of the order 
k, =1x 10, or greater. 

This result is in accordance with that obtained by Bredig (Zeitsch. 
physikal. Chem., 1894, 13, 380) by the electric conductivity method; 
his values show that diethylaniline is a stronger base than any other 
henzenoid amine examined by him, 
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The Chloroanilines.—Some years ago Beilstein and Kurbatoff 
(dnnalen, 1875, 1'76, 27) stated that the salts of the ortho-base were 
much more readily hydrolysed at a temperature of boiling water than 
those of the meta- and para-bases; the affinity constants of the 
meta- and para-bases have been determined by Farmer and Warth 
(loc. cit.). 

o-Chloroaniline Hydrochloride.—Two dilutions were examined, but 
the colour reactions were not so sharp as in other cases; after the 
addition of three or four portions of the solution to the methyl-orange 
solution, some secondary change appeared to ensue (temperature 19°) : 


V=8x 104 V=4x 104. 
1°45 2°75 
2°9 5°5 
4°35 8°25 


Values of k=1°45 and 2°75, corrected 1°42 and 2°83; hydrolysis 
value= 90°3; value of k, = 9°16 107!°. 

m-Chloroaniline Hydrochloride.—Two dilutions were examined at 
slightly different temperatures : 


Series I, Series II. Series I. Series II, 
"=8 x 104 V=4x 104. V=8 x 10+, V=4x 104 
Temp. 13°. Temp. 10°. Temp. 13°. Temp. 10°. 

15 2°7 5°7 10°7 

2°0 5°4 ie 13°2 

4°3 79 8°5 15°6 


Value of & in series [= 1°4; in I1=83; hydrolysis values 87°5 and 
83; value of kins) = 7°65 10-!, of kiyo)= 6°58 1071. 

p-Chloroaniline Hydrochloride.—The results obtained at two dilutions 
are as follows (temperature 10°) : 


V=8 x 104, V=4x 104, V=8x 104. V=4x 104. 
1°25 2° 6°3 9°6 
27 4°8 7°4 9°6 
3°9 72 8°6 9°6 
5°] 9°6 | 9°9 9°6 


Values of kK=1:25 and 2-4. corrected 1:23 and 2°46; value of 
=12410-1; the last number is less than that, 12°7 10-™ (corrected), 
given by Farmer and Warth (loc. cit.) at a temperature of 25°, which 
would correspond with a value, 7:6 10~"!, approximately, at a tempera- 
ture of 10°, 

. Bromoanilines.—The salts of the meta- and para-bases were prepared 
a crystalline form in the usual manner. 
n-Bromoaniline Hydrochloride.—Two dilutions were examined, but 
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a difficulty similar to that noticed in the o-chloroaniline salt was 
experienced (temperature 19°) : 


V=8x 104. V=4x 104 V=8x 104. V=4x 104, 
09 i7 37 69 
1°8 3°5 4°7 69 
27 5°2 


Values of k=0°9 and 1°75, corrected 0°88 and 1°77; hydrolysis 
value = 56°9 5 king =9'5 1074. 
p-Bromoaniline Hydrochloride.—The results obtained (temperature 
18°) for two dilutions are as follows : 


V=8 x 104, V=4x 104, V=8x 104. V=4x104, 
0°75 1°4 3°0 5°7 
1°5 3°9 3°7 57 
2°3 4°4 


Values of k=0°75 and 1°45, corrected 0°74 and 1°47; hydrolysis 
value = 46°1 ; ky,’ =2°07 10-1. 


Benzylamine and the Toluidines. 


Benzylamine Hydrochloride.—The hydrolysis of the salt was too 
small for accurate measurement; its behaviour, as to be expected, 
resembles that of the aliphatic amines, which have a thermoneutrality 
value equal to it. I find myself unable to follow the line of reasoning 
of Walker (Proc. Roy. Soc., 1906, 88, 141) with regard to any 
peculiarity in the constant of the base. 

0-Toluidine Hydrochloride.—The results obtained with this salt 
were given in my previous communication (pp. 657—658) as illustra- 
tive of the method ; it is therefore unnecessary to repeat them. 

m-7Zoluidine Hydrochloride.—Three series of experiments were 
conducted with solutions of this salt, the results of which are given 
below : 


I. II. III. 9 II. III. 
V=4x10% V=2x10% V=1x104 V=4x10% V=2x10% V=1x10. 
Temp. 13°. Temp. 13°. Temp. 14°. Temp. 13°. Temp. 13°. Temp. 14. 
0°9 1°'8 3°6 4°6 7°0 14°2 
1°9 3°6 7°2 5°4 7°0 142 
2°8 5°4 10°77 6°2 70 14°2 
3°6 7‘0 14°2 2 
their 
Values of k=0-9, 1°8, 3°6 respectively ; hydrolysis value =28'1; m- 
kins, = 3°54 107, yay =3°9 10-1. These last values are in accordance result 


with that given by Bredig (/oc. cit.), namely, kyo, =6°1 ; that obtained 
by Farmer and Warth, kyo; = 8°49 10~"!, is probably too low. 
p-Toluidine Hydrochloride.—Two concentrations were examined at 
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temperature = 15°, but all reaction came sooner to an end than in the 
case of the isomeric salts : 


=4x104 V=2x 104 | V=4x104. V=2x 104. 
1°0 1°8 | 3°8 3°6 
2°1 3°6 4°6 3°6 
2°9 3°6 | 


Values of K=0°9 and 1°8 respectively ; hydrolysis value = 28:1 ; 
kin =4°5 10719; this last number is more in accordance with that 
given by Bredig (loc. cit.), kis, = 14 10°", than that, kyo, =3°1 10~%, 
obtained by Denison and Steele (Trans., 1906, 89, 999, 1386) by 
their ion migration method. 

Substituted Toluidines.—The dimethyl-o- and -p-toluidine hydro- 
chlorides, like the ethylanilines, cannot conveniently be obtained in a 
crystalline condition ; consequently, a similar method of procedure was 
adopted. 

Dimethyl-o-toluidine Hydrochloride.—Two solutions were examined 
(temperature 15°) : 


Values of K=0°95 and 1:9 respectively ; hydrolysis value=11°9 ; 
bys, = 3°08 107%. 
Dimethyl-p-toluidine Hydrochloride.—Condition the same as above : 


Y=3x 104. V=1x 104 V=2x 104, V=1x 104 
0°7 1°3 3°6 3°9 
1°4 2°6 4°2 3°9 
2°2 3°9 4°8 3°9 
2°9 3°9 


Values of k=0°7 and 1:3, corrected 0°68 and 1°35; hydrolysis 
value= 8°4, ky"',, = 6°36 10-9, 

The behaviour of the above substances resemble the substituted 
anilines in that all reaction soon comes to an end; their affinity 
constants have not been previously determined. 


Xylidines. 


The hydrochlorides of m-4- and p-xylidine were prepared from 
their respective bases and examined. 

m-4-Yylidine Hydrochloride.—Two solutions gave the following 
results (temperature 15°) : 


V =) x 10% 
8°4 
8°4 
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Values of k=1°4 and 2°8 respectively ; hydrolysis value = 214. 
koaw = 6°34 10-19, 
p-Xylidine Hydrochloride. —Two solutions were examined at 20°; 


V=3x 104. V=1x 104. V=2x 104 V=1x 104 
1°5 3'1 6°5 9°4 
3°2 6°4 | 8°6 9°4 
4°9 9°4 


Values of k=1°6 and 3:15 respectively ; hydrolysis value= 24%. 
Kiyo = 9°63 1071, 

y-Cumidine Hydrochloride.—Two solutions were used (temperature 
18°) ; all reaction soon came to an end: 


V=2x 103, V=1x 104, 
0°7 1°6 
1°4 2°8 
1°4 4°2 


Values of k=0°7 and 1°4 respectively; hydrolysis value= 10%; 
Kins) =4°8 10°; this last is rather higher than that found, hy,.»= 
1:7 10-°, by Lowenherz (Zeitsch. physikal Chem., 1898, 25, 285) by the 
solubility method. 

Phenylhydrazine Hydrochloride.—Examination of solutions of this 
salt presented certain difficulties, owing to the separation of the base 
or its hydrate, a fact previously noted by other observers as 
characteristic of substituted hydrazines. Two concentrations were 
examined, but all reaction soon came to an end (temperature 15°) : 


V=2x 104 V=1x 104 
1°0 1°8 
19 3 6 
2°8 3°6 


Values of k=0°9 and 1°8 ; hydrolysis value = 14°8 ; ky; = 1°62 10° 
—a result rather higher (having regard to difference of temperature) 
than that, ky =1°6 10-°, obtained by Allen (J. Amer. Chem. Soc., 
1902, 25, 421) by the catalysis method. However, both results show 
that phenylhydrazine behaves as aniline, in which hydrogen is 
replaced by an amino-group (which causes an increase of basic value), 
rather than as hydrazine, in which hydrogen is replaced by a pheny! 
group. 

The separation of base alluded to above prevented any satisfactory 
results in the case of p-bromophenylhydrazine hydrochloride. 
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Aminophenols and their Derivatives. 


o- and p-Aminophenol Hydrochlorides.—The following results were 
obtained for these salts under the conditions of concentration set out 
and at 15°. 


ortho-Salt. para-Salt. 

. . Ill : 
V=4x 104 P=3x i. V=2x 104, V =i x 10% 
12 2°0 06 big 
2°4 4°2 1‘1 2°1 
3°4 4°2 1°6 3°0 
3°4 4°2 2°1 3°0 


Values of & for I and II = 1°15 and 2:1, corrected 1'1 and 2:2 
respectively ; hydrolysis value= 34°4 ; ky,;,=2°18 107%; values of k 
for III and LV =0°55 and 1:0, corrected 0°53 and 1-06 respectively ; 
hydrolysis value = 8°3 ; kyas,=6°6 107°. 

o- and p-Anisidine Hydrochlorides.—The results obtained with 
solutions of these salts, prepared from the respective bases and hydro- 
chloric acid, are given below: 


ortho-Salt (temp. 15°). para-Salt (temp. 17°). 


I. Il. Ill. av. 
V=4ax 10 V=2x 104, V=2x 104. V=1x104. 
12 27 0°5 1°05 
2°5 52 1°0 2° 
3°8 77 1°6 3°1 
5°2 77 2°2 4°2 
6°4 77 2°9 5°2 
7°6 77 2°9 5°2 


Values of & for I and IL=1°25 and 2°55, corrected 1:26 and 2°53 
respectively ; hydrolysis value=39°5 ; ky,,,=1°9 10°19; values of & 
for IIT and IV=0°55 and 1:05; hydrolysis value=8°4; koa) = 
571079, 

o- and p-Phenetidine Hydrochlorides.—The results obtained are given 
below : 


ortho-Salt (temp. 20°). para-Salt (temp. 15°). 


a II. III, IV. 
V=4x 104, V=2x 104. V=2x 104, V=1x104, 
1°2 2°4 0°8 1°8 
2°2 4°3 1°8 3°5 
3°1 6°5 2°8 3°5 
4°1 8°5 2°8 3°5 


Values of & for I and I1=1°05 and 2:2, corrected 1:07 and 2°15 


respectively ; hydrolysis value =33°6 ; kyo, = 4°64 101°; values of & 
14, hoas)= 


for II and IV = 0-9 and 18; hydrolysis value = 
215 10-9, 
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Aminobenzoyl Alcohols of the T'ype OBz-CMeR:CH,:N Me,,. 


These alcohols were originally prepared by Fourneau (Compt. rend, 
1904, 138, 766) by the action of a secondary or tertiary amine on 
Tiffeneau’s chlorohydrins, OH*CMeR:CH,Cl ; the hydrochlorides of 
their benzoyl derivatives crystallise well. Such compounds belong 
rather to the aliphatic series, but, since the date of my last com- 
munication, MM. Poulenc Fréres, of Paris, have kindly presented me 
with fine, crystalline samples for the purpose of investigation, and I 
take this opportunity of tendering my thanks to this firm for their 
courtesy and generosity. 

The most important of these compounds, (I) methylethyldimethy)- 
aminomethylcarbinol benzoate hydrochloride, 

OBz*CMeEt-CH,*NMe,,HCl, 

commercially known under the name of stovaine, is now largely used 
instead of cocaine for hypodermic injections to produce local anesthesia 
and other purposes, as being less toxic and safer to administer. It is 
well known that the base is precipitated from aqueous solutions even 
by very dilute solutions of borax, the soda liberated by hydrolysis 
being sufficient to upset the equilibrium between the base and hydro- 
chloric acid. Aqueous solutions are also decomposed when heated in 
a soda-glass vessel in an autoclave, the course of events being probably 
that the water dissolves out sodium silicate, which consists largely, in 
aqueous solutions, of free soda and silicic acid (Kohlrausch, Wied. Ann. 
1892, 47, 756), and then the former combines with the hydrochloric 
acid. 

Besides stovaine, the hydrochlorides of the following bases were 
examined, 

II, Dimethyldimethylaminomethylcarbinol benzoate, 
OBz‘CMe,*CH,*NMe,. 
III. Methylisoamyldimethylaminomethylearbinol benzoate, 
OBz-CMe(C,H,,)"CH,"NMe,. 
IV. Phenylmethyldimethylaminomethylcarbinol benzoate, 
OBz:CMePh-CH,°NMe,. 

All these salts in 4/20 or N/100 solution showed no trace of 
hydrolysis by the methyl-orange method ; hence their basic constant is 
greater than 1 x 10-’, which is rather remarkable having regard to the 
presence of the benzoyl grouping. 

A description of the method adopted for differentiating between the 
basic values of these several salts, and its applicability in other cases, 
is deferred to a subsequent communication. 
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(2) Diacidic Buses. 


Phenylenediamine Hydrochlorides.—T hese compounds have previously 
been examined by Bredig (loc. cit.) by the electric conductivity method ; 
the writer pointed out that they all gave a strongly acid reaction with 
methyl-orange, and arrived at the general conclusion that they were 
hydrolysed to a greater or less degree into the monohydrochloride and 
pydrochloric acid (as hydrazine hydrochloride). It was thought advis- 
able to make determinations, not only with the .V/20 solutions diluted 
directly, but also with the same solutions heated in a thermostat for 
three hours at 60°, and then subsequently diluted (series marked 7’). 
But although further information was obtained by the double method, 
yet the difficulty was experienced that, in the process of heating, the 
solutions turned a yellow to yellowish-red colour, the change being most 
marked in the para-derivative, less in the meta-, and inappreciable in 
the ortho-derivative. The probable explanation is that traces of safra- 
nine compounds were formed (compare Witt, Ber., 1883, 16, 472, etc.), 
the conditions being favourable, namely, the presence of hydrochloric 
acid liberated by hydrolysis and of oxygen, whether dissolved in the 
solution or absorbed from the superincumbent atmosphere. The same 
remarks also apply to the tolylenediamine hydrochlorides, considered 
in the sequel. 

o-Phenylenediamine Hydrochloride.—Three series of experiments were 
conducted, with results as under : 


Series I. Series IT (T). Series IIT. Series I, Series II (T). Series III. 
F=lxi®. P=8x16*. P=4x 104. V=8x18. PaBxiO® P=4x Ie. 
0°6 0's bt 4°2 4°9 5°8 
1‘2 1°5 2°8 5°0 5°6 5°8 
2°0 2°3 4°3 5:0 6°4 5°8 
2°7 3'1 5°8 5°0 8°3 5°8 

3°5 3°9 5°8 


Values of & for series I and II]=0°7 and 1°45, corrected 0°71 
and 142; hydrolysis value= 44°4 ; for series III, k=0°8; hydrolysis 
value = 50-0. 

m-Phenylenediamine Hydrochloride.—Five series of experiments were 
conducted, namely, three with one and two with another sample 
of the salt, purchased at a different time; the results of only three 
are given, and the differences in values obtained with the two samples 
were within the limits of experimental error : 


Series I. Series II. Series III. Series I. Series II. Series II. 
P=8x10% V=4x10% V=4~x 1047). V=8x10%. V=4x 10% V=4x 107), 
0°8 1°4 1°6 8-7 7°0 7°6 
15 2°6 2°9 4°4 8°5 8°9 
2°3 4°0 4°4 5°2 8°5 10°7 
3°0 55 6°3 
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Values of & for series I and II = 0°75 and 1°40, corrected 0:72 
and 1°45; hydrolysis value =45°3; for III, k=1°55 ; hydrolysis 
value = 48-4. 

p-Phenylenediamine Hydrochloride.—The results of three series of 
experiments are given below : 


Series I. Series Il. Series II. Series I. Series I]. Series LI]. 
V=8x104. V=4x10*, V=4x 1047). V=8x104, V=4x 104. V=4x 1047), 
0°6 1°3 1°5 4°5 8°4 7°6 
1°3 2°9 3°0 5°1 9°9 76 
2°1 4°3 4°5 57 9°9 7°6 
2°8 5°7 6°2 6°4 9°9 7°6 
3-7 7°0 7°6 8-0 9°9 76 


Values of & for series I and Il =0°7 and 1°4; hydrolysis value 
=43°7 ; for series IIT, k=1°5 ; hydrolysis value = 47-0. 

In all the above sets of experiments with the isomeric phenylene- 
diamine hydrochlorides a slight tendency for the differences, y’ — y, to 
increase was observed, due probably to a trace of hydrolysis of the 
monohydrochloride ; but as the point has frequently been alluded to 
it is unnecessary to dwell further on it. The results for hydrolysis are 
compared in the following table: 


®. 2 (7). 
Be ee rey oe 44°4 50°0 
WE EPOPIGOEITS  occcccccccsce ssnese 45°3* 48°4 
BREPUMNIGE ons cacsisesvecnsaapes 43°7 47°0 


It thus appears that the phenylenediamine hydrochlorides are, under 
the conditions of the experiment, hydrolysed nearly completely into 
the monohydrochloride and hydrochloric acid, thus : 

CIH,N-C,H,-NH,Cl + H,O = CIH,N’C,H,-NH,°OH + HCl, 
and that the order of affinity of bases is p > m > 0, the result marked * 
being an exception not readily explained; it was repeated with two 
different samples at two different times with concordant results. 


Diaminophenol Hydrochloride. 


As solutions of this substance commenced to turn yellow shortly 
after making up, the operations of dilution and examination were 
conducted as quickly as possible ; the following results were obtained 
in two series : 


Series I. Series Il, Serves I. Series II. 
V=8x 104, V=4x 104. V=8 x 10+. V=4x 104, 
0°7 1°4 4°5 9°2 
1°4 2°9 5-2 9°2 
2°2 4°4 6:0 9-2 
3°0 5°9 6°8 9-2 
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Values of & for series I and II =0°75 and 1°50; hydrolysis value = 
47°0. 

The introduction of the hydroxyl group into an o-diaminobenzene 
appears to cause a slight increase in the hydrolysis value ; otherwise 
the above remarks are equally applicable. 

Phenylenetetramethyldiamine Hydrochloride.—Solutions of this sub- 
stance were almost impossible to work with, owing to the rapidity with 
which they assumed a bluish-violet colour, doubtless from the formation 
of a trace of some induline derivative ; the results of one series are 
given : 


V=8x 104. V =O x ie. 
0°8 31 
1°5 3°9 
2°2 3°9 


k=0°8 ; hydrolysis value = 50°0. 
Tolylenediamine Hydrochlorides.—The 2 : 4-, 2:5-, and 3: 4-derivatives 
were examined. The results are given below: 


2: 4-Derivative. 


Serics I. Series Il. Series III. | Series 1, Series IT. Series ILI. 
x 104 V=8x104(7). V=4x 104. V=8x104. V=8x 104(7'). V=4x 104. 
0% 07 1°5 4°4 4°9 9°7 
1°2 1°5 3°2 5‘2 57 11°4 
2°1 2°3 4°8 6°0 6°6 11°4 
27 3°1 6°3 6°7 6°6 11°4 
3°5 4°0 8°2 7°6 6°6 11°4 


Values of & for series I and ILI[=0°75 and 1°6, corrected 0°78 and 
155; hydrolysis value = 48-4 ; for series II, k=1°6 ; hydrolysis value= 
50°0. 

2 : 5-Derivative. 


Series I. Series II. Series I. Series II. 
V=8x 104, V=4x104, V=8 x 104. V=4x 104, 
07 1°5 4°2 8°7 
15 2°9 50 10°3 
2°1 4°3 5°9 10°3 
2°8 5°7 6°7 10°3 
3°6 72 7°3 10°3 
Values of k=0°7 and 1°45, corrected 0°71 and 1°42; hydrolysis 


value= 44°4, 
Solutions of this substance, when heated to 60°, became too highly 
coloured for investigation. 
3: 4- Derivative. 


Series I, Series I. Series 111. Series I. Series 11. Series I11. 
V=8x104, V=8x 10*(7). V=4 x 104. V=8x104 V=8x10'(7). V=4x 104. 
0°8 0's 1°4 3°9 4°] 71 
15 1°6 2°7 4°6 5°0 8°5 
2°3 2°4 4°2 5° 5'9 10°2 
3'1 32 56 
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Values of & for series I and III = 0°75 and 1°40, corrected 0°72 anj 
1:45 respectively ; hydrolysis value=45°0; for series III, k=0%; 
hydrolysis value = 50:0. 

It will be evident from the above results that the behaviour of the 
tolylenediamines is completely analogous to that of the phenylene 
diamines, in that they are hydrolysed nearly completely into the mouo- 
hydrochloride and hydrochloric acid, and the change is complete if the 
solutions are previously heated. Bredig (loc. cit.) examined the 2:4. 
derivative, and his results at dilution V=2048 point to a similar 
conclusion. 

Benzidine Hydrochloride—Owing to the sparing solubility of this salt, 
the usual method of procedure was slightly altered ; an V/40 instead 
of an V/20 original solution was prepared, and this was subsequently 
diluted. The results obtained are given below (temperature 16°). 


V=8x 104. V=4x104. | V=8x 104. V=4x 104, 
0's 1°4 3°9 7°4 
tw 2°8 4°6 8°8 
2°4 4°4 4°6 10°4 
3°1 6°0 


Values of = 0°75 and 1°5 ; hydrolysis value = 46°6. 
The behaviour of benzidine hydrochloride is thus perfectly analogous 
to that of the diaminobenzenes ; my results are not in this respect in 
accordance with those of Bredig (loc. cit.), who concluded from his 
measurements that the salt was only slightly hydrolysed. 
Dibenzylamine and diphenylamine hydrochlorides were not sufficiently 
soluble, or gave the insoluble base on hydrolysis; the methyl-orange 
method could not therefore be applied. 


Naphthylamines. 


a- and 8 Naphthylamine Hydrochlorides.—My experience in obtaining 
these compounds in a sufficient state of purity for examination was 
similar to that noted by Lellmann (Annalen, 1891, 263, 297), and it 
appeared that the impurities present, of whatever nature, were of an 
order of value less than that deducible by a determination of the 
chlorine contents. The criterion of purity finally adopted was that 
the V/20 solutions of the recrystallised salts should withstand heating 
for three hours at 60° without becoming discoloured, or showing only 
traces of fluorescence. The values of k, obtained were in both cases 
higher than those obtained by Farmer and Warth (Joc. cit.), who give 
no details as to any special precautions adopted in the preparation of 
the salts examined. 
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a-Salt (temp. 15°). B-Salt (temp. 15°), 
I. Il. Ill. IV. 
V=4x104 V=2x 104. V=4x 104. V=2x 104. 
1°2 2°0 Mg 1°9 
2°2 4°0 2°1 3°6 
3°1 6°0 3°1 5°5 
4°3 8'1 4°1 5°5 
5°4 10°4 5°0 5°5 
67 10°4 5°0 5°5 
80 10°4 5°0 5°d 
9°2 10°4 5°0 5°5 
10°4 10°4 5°0 5°5 


Values of & for I and I[=1°15 and 2:0, corrected 1°08 and 2°05 
respectively ; hydrolysis value=33'4; ky 3, =2°8 10" (Farmer and 
Warth found kyo;, = 0°99 10-"’) ; values of & for III and [LV =1:0 and 
18, corrected 0°95 and 1°9 respectively ; hydrolysis value =29°7, 
ky =3.9 107° (Farmer and Warth found ky... =2°0 10-). The 
results obtained by these writers and myself concur in showing that 
§-naphthylamine is a stronger base than a-naphthylamine. 


Pyridine Bases. 


Pyridine Hydrochloride.—It was found in the case of this salt that 
equilibrium of the system water-acid-base-salt was attained after a 
longer interval (two or three days) than in all other cases hitherto 
examined, Three solutions were examined at 13°, with the following 
results ; 


V=4x104, V=3x104, V=2x 104. | V=4x104, V=3x108. V=2x 104, 
0°9 1°2 1°8 2°5 3°6 67 
17 2°4 3°5 2°56 3°6 8°5 
2°5 3°6 5°2 


Values of k=0°85, 1°2, and 1°7, corrected 0°86, 1°18, and 1°73 
respectively ; hydrolysis value = 26:1 ; ky; (at V=2 x 10*) = 1-06 10~, 
lundén (Meddel. K. Vetensk. Nobelinst., 1907, 1, No 8 
é seg.) bas determined the value of % for pyridine at different 
temperatures by the electric conductivities of the hydrochloride and 
wetate. The value given above is identical with that found by this 
author at 10°, but otherwise is more nearly concordant with it than 
vith those obtained by Constam and White (Amer. Chem. J., 1903, 
29, 36) and Goldschmidt (Zeitsch. physikal. Chem., 1899, 29, 89). 
ln this connexion I may be allowed to remark that my determinations 
Were made some months before Herr Lundén was courteous enough 
send me his publications, from which I have derived considerable 
usistance ; the convenience of dividing the bases into open-chaia and 
‘clic compounds has been the sole cause of my delay. 

Piperidine Hydrochloride.—No trace of hydrolysis could be detected 

7c 2 
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even in most concentrated solutions of this salt, a result to 
expected, as Bredig (loc. cit.) found for piperidine a higher bas 
constant, k,=1'58 10°, than that of any other nitrogen-contuiniy 
base ; its heat of neutralisation with hydrochloric acid is practical 
equal to that of sodium hydroxide. Piperidine has probably th 
constitution of a hexametbylene, in which one CH, group is replacej 
by the NH group. 

Coniine (Propylpiperidine) Hydrochloride.—The result obtained was 
precisely similar to that of piperidine. 

The stability of these hydropyridine hydrochlorides is otherwise of 
general importance, having regard to the number of natural alkaloids 
which are derived from a hydropyridine ring. 

a-Picoline Hydrochloride.— Prepared in solution by dissolving a weighed 
quantity of the base in the required volume of V/20 hydrochloric acid 
Only a few results could be obtained, as the limit of the methyl-orang 
method was almost reached. The hydrolysis value found at 15° was 
19, giving for the dilution used a value, kyq;, = 5°4 10-8, which can only 
be regarded as an approximation, although probably not widely 1 
moved from the true value as intermediate between those of pyridine, 
ky =1°3 10~°, and trimethylpyridine, , = 1°42 10~7,at the same temper- 
ture. 


Quinoline Bases. 


Quinoline llydrochloride.—The results obtained at 15° for two con- 
centrations are given below : 


V=2 x 104. V=1x 104, | V=3x 10. V=1x10 
1:0 1-9 | 59 - 
2°0 4:2 6°8 - 
4°1 7°8 | 8°9 oes 
50 ~ | 


Values of k= 1-0 and 2:0 respectively; hydrolysis value = 15°6; hence 
kos) = 1°63 10~° ; this last value is in fair accordance with that found, 
Krieg = T'4 10-° * Walker and Aston (Trans., 1895, 67, 576) by the 
inversion of sucrose method, having regard to the difference of 
temperature of the two sets of observations, 

Tetrahydroquinoline Hydrochloride.—No hydrolysis could be detected 
even in concentrated solutions; the behaviour of this substance is 
thus perfectly analogous to the hydro- -derivatives of pyridine. 

2-Hydroxyquinoline (Carbostyril) Hydrochloride.—A solution of this 
anit was obtained by dissolving a weighed quantity of the base in 
20 hydrochloric acid. The following results were obtained at 1° 
with two concentrations : 


V=2x108 V=1x 108 V=2x 104 V=1x10 
11 21 3°1 4°0 
2-0 4°0 42 4°0 
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Values of K= 1°05 and 2°08, corrected 1°03 and 2°07; hydrolysis 
yalue=16°6 ; hence koa, = 1°94 10~°. 

The general behaviour of hydroxyquinoline as compared with 
quinoline is similar to that of p-aminophenol as compared with aniline, 
in that the introduction of the hydroxyl group, although not causing 
any appreciable difference in the affinity constant, yet produces the 
effect that all reaction with the methyl-orange sooner comes to 
an end. 

9.Methylquinoline Hydrochloride.—A solution of this salt was prepared 
as above, and two concentrations were examined at 14° : 


V=2x 104. V=1x 104. V=2 x 107. V==1 x 10. 
1°3 2°5 2°5 6°2 
9 3:8 2:5 73 


Values of k=0°65 and 1:28; hydrolysis value=9°9; therefore 
kyy=3'63 10-°; this base is therefore slightly stronger than 
quinoline. 

isoQuinoline I1ydrochloride.—A solution of this salt was prepared as 


above, and two concentrations were examined at 15°: 


Fox 10. V=2x 104. V=4 x10. V=2x 104. 
0'9 1°9 4°8 9°9 
1°8 3°9 57 — 
2°9 6°0 6°7 — 
3°8 8°0 


Valnes of k=0°95 and 2:0; corrected 0°97 and 1°95; hydrolysis 
value= 30°2 ; hence ky,,,=3°62 10-1°; this base is therefore weaker 
than quinoline. 

Acridines.—I have to express my thanks to Prof. Senier for kindly 
supplying me with beautiful specimens of these bases ; my only regret 
is that they proved to be insufficiently soluble in hydrochloric acid of 
the concentration required for this investigation. 


Section II.—Mutual Relationship. 


(1) Effect of Position on Isomerism.—The order of the affinity 
constants of the isomeric derivatives of benzene is invariably p> m>o, 
or,in other words, the para-position presents a case of steric hindrance, 
but the ortho a ease of steric furtherance; this generalisation is 
precise'y analogous to that arrive at in the case of acids by Ostwald 
(Zeitsch. physikal. Chem., 1889, 3, 170 et seg.) and myself by the 
uethyl-orange method (ibid., 1906, 57, 147 et seq.). The results for kh, 
ire compared in the following table : 
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p-Base. n- Base. o-Pase. 

Ce 45 10-” 3°55 10-% 1°52 10-" 
Dimethyltoluidines ... 6°36 10° -- 3°08 10-° 
Chloroanilines ......... 1°24 107" 6°58 10-" 9°16 10-8 
Bromoanilines ......... 2:07 10-” 9° 10-4 —_ 

Aminophenols ......... 66 107% — 2°18 10-” 
Anisidines ......... ..... 5°7 107° — 1:9 107" 
Phenetidines............ 2°15 107° oe 4°64 10-" 


In certain cases there is the same numerical ratio between corr. 
sponding isomerides : 
thus m-chloroaniline : p-chioroaniline = 6°58 10712 : 12°4 107!2=1:14 
and m-bromoaniline : p-bromoaniline=9°5 107! : 20-7 1072 =1:24, 
also. p-aminophenol : o-aminophenol=6°6 10~°:0°22 10° =30:1, 
and p-anisidine : o-anisidine = 5°69 10~° : 0°19 10-° = 28:1, 

(2) Effect of Substitution.—(a) The substitution of hydrogen by 
bromine produces a less effect on the affinity constant than that of 
hydrogen by chlorine, a conclusion also analogous to that arrived at 
by Ostwald in the case of the acids. 

(b) The substitution of hydrogen by the hydroxyl, methoxyl, or 
ethoxy! groups in the para-position increases the affinity constant, but 
in the ortho-position produces but little effect. 

(c) As regards the substitution of hydrogen by hydrocarbon groups, 
whether in the amino- or hydrocarbon residue, it appears difficult 
to draw any very definite conclusion, although generaliy the effect is 
to increase the basic constant, but there are certain exceptions. 
Bredig arrived at a similar uncertain conclusion . 

(d) The effect of substitution of hydrogen by an amino-group when 
attached to a carbon atom decreases the affinity constant, the diamines 
being hydrolysed uniformly to 50 per cent., but an amino-group 
attached to a nitrogen atom produces an opposite effect, for example, 
tne case of phenylhydrazine as compared with aniline, which is 
analogous to that of semicarbazide with carbamide and of amino- 
guanidine with guanidine alluded to in my previous communication. 

(e) The addition of hydrogen to the pyridine and quinoline bases 
produces a very great increase in the affinity constant, although, as 
pointed out above, such additive compounds may possess a different 
constitution, not readily expressible by structural formule. 


Section 11I.—Temperature-Coefficients. 


Kohlrausch and Heydweiller (Wied. Ann., 1894, 53, 209), from their 
determinations of the electric conductivity of the purest water at 
different temperatures (and hence the temperature-coefficient referred 
to 18°), deduced by means of the van’t Hoff gas law a general 
equation : 


C=0-03373 10-225077. , , , . . , . (2); 
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for the ionic concentration C,,, or C\,,, per litre. By two independent 
methods of calculation, they arrived at the values given in the first 
line of the succeeding table ; the values of k,,=(C,,)* (since Cy=Ciom) 
calculated therefrom are given in the second column (compare Abegg, 
Sammlung Chem. und Chem.-techn., Vortrdge, 1903, 8, 242); in the 
third column, certain results obtained by Lundén (Meddel. K. 
Vetensk. Nobelinst., 1907, 2, 16) are added. 


0. om 8. 2 34, 42. 50. 
lonic concentration/litre 10-7. 0°35 0°56 — O88 1°09 1°47 1°93 2°48 
SEE ntdcd axionninonvsnsss 0°12 0°31 0°49 0°64 1°2 2°15 37 6°15 

— 0°31 0°46 — 1°05 5) — 2°94) 5°17 


Abegg remarks upon the rapid increase of ionic dissociation of water 


with rise of temperature. 

It appears, however, that the above values can be directly calculated 
by the expression originally proposed by Harcourt and Esson (PAil. 
Trans., 1895, 186,-A, 861) for the relation of chemical change for 


temperature, namely : 


dk | dT 
4 77 a a 
or on integration, 
kelkg=(T/T™. . . . « «= CO 
which may be written in the simple form 
logk — logk'=m(log7”-log7’) . . . . (5). 


In the above equations “3—5, & represents either C, or ky, 7 
absolute temperature, and m a factor. 

If the value of C, at 0 is taken as 0°37 10°7 and m=11, and 
ky=0'14 10-14 and m=22 (or preferably 22°5), then the values at 
different temperatures appear as under : 


0. 10. 15. 18. 26. 34. 42. 50. 60. 
Cy 1077...... 0:37 O56 O68 0°76 41°01 «+4136 2°08 2°49 3°5 
ke 10-4 ... 0°14 0°81 0°47 O58 1°02 1°85 4:3 6°25 12°25 


The agreement between the numbers in the two tables is very 
satisfactory. Hence, therefore, the logarithmic increase of ionic 
dissociation due to increase of temperature varies as the logarithmic 
increment of absolute temperature, or, to put the matter in another 
form, ionie dissociation of water as affected by temperature cannot be 
differentiated from other chemical changes, and consequently there is 
nothing remarkable in the increase of such dissociation with rise of 
temperature. The graph of logk’/logk in terms of log7”/log7’ is a 
straight line, and this may serve as a convenient method of ascertain- 
ing the value of k,, for any temperature. 

But from the Arrhenius’ equation : ky/ky = (1 —x)V/a*, if ky is an 
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experimental function of temperature, /;, will likewise be of tly 
same order. Inthe following table, the results obtained by varioy 
observers are compared with those calculated by formula (4), the 
value of the function m being deduced ; most of the observations ay 
referred to a basis 7'= 283. 

The results are taken from the writings of Bredig, Walker, Lundeép, 
myself, and others; in cases in which different workers have obtained 
slightly different results at the same temperature by applying different 
methods, the letters (A), (B), ete. are used., 


Temperature. 10. 15. 25. 40. 50. 60. 
Ammonia, 107° f 1°63 1°71 1°87 1°98 -- — Foul 
m=2 1163 1°69 1°81 1°99 oe _ Cale, 
Trimethylpyridine, f 1°22 1°42 2°05 3°05 3°75 — Found 
10-7, m=9 1 1°22 1°42 1°94 3°01 4°00 -- Cale. 
Pyridine, 10-9 { 1°06 poe a4 4°25(A) 6°19(A) 8°5(D) Found 
. n=14 6( 3) (C) 

ws 1:00 1:27. 2:06 = 4°08 3S 619 S971 Cale. 
2°6 (12°) 3°66(A) 4°57(4) 7°56(4) — 17°1(D) Found 

Aniline, 10-°, m=12 3°2 (B) 4°6 (C) 8:1 (D) 
| 2-71(12°) 307 464 834 — 177 Cale. 
o-Toluidine, 10~"°, 1°5(12°)(A) — 32 (B) — — 10°9(C) Found 
m=13 { 1°5(12°) — 2°6 = a= 10°9 Cale. 
p-Toluidine, 10~°, f— 0°45(4) 14 (B) — “= 3°61(C) Found 
m=15 ( [0°3] 0°4 0°69 — —- 3°42 = Cale. 


The differences between the observed and calculated results are with 
one or two exceptions very small, especially having regard to the fact 
that the methods applied were in some cases very widely different. 
In the case of very weak bases of the order of value k, 107" to 10°, 
concordance is less satisfactory, but as the determination of the 
hydrolysis of 90 per cent., or thereabouts, may amount to 5 per cent. or 
even more, discrepancies, especially at the higher temperature, cannot 
but be expected. 

It would follow, therefore, that if both k, and ky» are exponential 
functions of absolute temperature, then in the thermodynamic 
e juation 

p= RT? 2°3026 dlog %k/dT . . . . (6); 
= quantity of heat, s=constant of equilibrium, and, since 2 =1°985 
of the unit of work in the gram-caloric (compare Nernst, Zeitsch. 
Elektrochem., 1904, 10, 621) 

H=4:5717%dlogMk/d7 . . . (6 dis), 
it follows that the heats of neutralisation (by the substitution 
k =ky/k,) and the heats of dissociation (by the substitution k=ky) are 
exponential functions of absolute temperature. These can be directly 
calculated for any temperature without having recourse to mean values 
or the application of empirical equations : 
k=1+at+bt®, ete. . . ae 
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or other arithmetical devices. I refrain from giving such calculations 
of heats of neutralisation and of dissociation, as I am aware that 
other writers have been engaged upon them ; my object is to point 
out a simple and possibly more rational method. I am indebted to 
Professor Wm. Esson, of the University of Oxford, for assistance in this 
section. 

Summary. 


(i) It is shown by a number of determinations that the methyl- 
orange method gives results which are concordant within the limits 
of experimental error with those obtained by the catalysis of methyl 
acetate, inversion of sucrose, and electric conductivity methods, If 
the last-named give accurate results, then the same equally applies to 
the first. It is, of course, possible that the affinity constants of the 
bases may at some future date be revised, as they are deduced from the 
values of ky or Ci, which at the present time are mainly based on 
the determinations at different temperatures of the electric conductivity 
of the purest water obtained by Kohlrausch, and these in their turn 
are dependent on the evaluation of the ohm. 

(ii) Determinations are given of the hydrolysis and affinity constant 
values of some fifty bases derived from cyclic formule; the mutual 
relationship and effects produced by the substitution of one or more 
atomic proportions of hydrogen, whether in the nucleus or side-chain, 
by various elements or groups are discussed. 

(iii) The variation of the several constants with temperature is 
dealt with, and it is shown that in cases in which determinations of 
these constants have been made at different temperatures by the same 
or different trustworthy methods, the experimental results are in 
accordance with those:calculated by Esson’s formula kp,/k,=(7/7')™- 
Thus ionic dissociation, whether of water or electrolytes, cannot be 
differentiated in respect of temperature from any other change, and is 
generally regarded as of a wholly chemical nature. ‘The importance 
of this formula for the purpose of other calculations is also alluded to. 


Finally, I have again to express my obligations to various friends, 
who have rendered assistance by verbal or written suggestions, or 
supplied necessary materials. 


Addendum. 


Since the above paper was written, a communication has been 
received from Herr Lundén, entitled “Influence of temperature on 
the internal energy and free energy of electrolytic dissociations of 
acids and weak bases” (Meddel. K. Vetensk. Nobelinst., 1907, 1, 
No, 12). In this paper, certain formule are discussed with the 
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purpose of referring affinity values, as influenced by temperature, to 
thermodynamic laws. The equation given is: 
y 
a) amactaa (1a), 
1 


lognarkr, - lognarkr. = 


in which U/ =internal energy, also a function of 7’ with two constants, 
namely, U’=/(ab"), and the simplest, as also that most in accordance 
with observations, is U=a+bT. 

It will be noticed that the left-hand side of the above equation (1a) 
differs from mine, log,7,—log,kr,, given in the text, only in 
degree, whilst the right-hand side refers the difference of affinity 
values to thermodynamic laws, and thus takes matters one step 
further than that given in the text, namely, m(log,,7', — log, 7’). 

As I was aware from private communications that Herr Lundén 
intended to take up the subject of the heats of dissociation and 
of neutralisation with reference to affinity values, it appeared 
equitable that this part of the subject should be left to him. 

V. wt. Y, 


CCXIV.—Organie Derivatives of Arsenic. Part I. 
Dicamphorylarsine Acid. 


By Gripert T. Morean and Frances M. G. Mick.etrawair. 


THe organic derivatives of arsenic have of late received increased 
attention owing to the discovery that certain of these substances are 
of therapeutic value, and, owing to the successful application of 
sodium p-aminophenylarsonate (‘‘atoxyl”) in this connexion, many 
experiments have recently been made with the object of obtaining 
similarly constituted compounds. In these researches the arsenic 
has been generally, although not invariably, employed in the form of 
arsenic acid. Considered as a synthetical agent, arsenic acid has the 
disadvantage of being hydrated and not very miscible with the 
ordinary organic media. On the other hand, arsenious chloride is easily 
obtained in the anhydrous state, and is readily miscible with non- 
hydroxylic solvents. Moreover, on account of its volatility, any 
excess of this reagent can often be removed by distillation. 

The experiments of Michaelis and his collaborators (Annalen, 1892, 
270, 140; 1901, 320, 271; 1902, 321, 141) have shown that 
arsenious chloride may be employed as the vehicle for introducing 
arsenic into aromatic nuclei. 

The authors have examined the action of arsenious chloride on 


», to 
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compounds of a very dissimilar type, and in the present communication 
they wish to record the results obtained in the case of camphor. 

This ketone was employed in the form of its very reactive sodium 
derivative, a substance which was first employed as a synthetical 
agent by Haller (Compt. rend., 1891, 112, 1490; 1892, 113, 22), 
and more recently by Forster (Trans., 1901, 79, 987). 

The condensation of arsenious chloride and sodium camphor was 
effected in dry toluene, and from the product of the reaction caustic 
alkalis extracted an acidic substance, the composition of which 
corresponded with the empirical formula C,,H,,O0,As. 

Titration with standard caustic alkalis and the formation of a 
silver salt, C,,H,,0O,AsAg, and a cadmium salt, C,,H, O,As,Cd, 


indicated that the substance was a monobasic acid, C,)H,,0,AsH. 

Further evidence as to the constitution of the acid was gained 
bya study of the products of its hydrolysis. The acid is not affected 
by prolonged boiling with aqueous acids or alkalis, but, when fused 
at a moderate temperature with potassium or sodium hydroxide, 
camphor (2 mols.) is eliminated and the corresponding alkali arsenate 
(1 mol.) is produced. This hydrolysis, 

C.,,H,,0,AsO,Na + 2NaOH = 2C,,H,,0 + Na,As0,, 
takes place quantitatively, and shows unmistakably that the compound 
is dicamphorylarsinic acid * having the constitution 
Q 
CH—As—CH 
CH OH Co >C, Hy, 

A further confirmation of this formulation was afforded by the 
formation of a somewhat unstable ch/oride, (C,,H,,O),AsO°Cl, produced 
by the action of phosphorus pentachloride on the alkali salts of 
the acid. 


The authors wish to reserve for the present the study of the 
action of arsenious and other inorganic chlorides on organic compounds 
containing the group CH,*CO. 

* It should -be noted that the expression ‘‘camphoryl” has been used in the 
literature to indicate the thre: following groups : 


CH- Cco- CO- 
CHC | CH, CoH 

co \CO- \CO-OH. 

(1.) (II.) (IIT.) 


The authors feel justified in employing ‘‘camphoryl” for the first of these radicles, 
because, in accordance with the terminology usually adopted, the acidic radicle (II) 
should be denoted by ‘‘camphoroyl” or some similar name ending in “oyl.” In 
this respect they follow the ruling already laid down in the case of the groups 
C\H;"CH:CH°CH,- and C,H,*CH:CH*CO-, which are indexed in this Journal as 


Cinnamyl and cinnamoyl respectively. 
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EXPERIMENTAL. 


Seventy-five grams of camphor were dissolved in 200 c.c. of warm 
toluene, and converted into sodium camphor by the addition of 7:5 
grams of sodium. The precipitated sodium derivative, suspended in 


200 c.c. of fresh toluene, was slowly treated with 38 grams of arsenious ” 
chloride diluted with about twice its bulk of the same solvent, the 1 
mixture being thoroughly shaken and cooled. The condensation took ” 
place with considerable generation of heat, and a remarkable series of 
changes occurred during the addition of the chloride. At first the 
mixture acquired a jelly-like consistence, and gradually assumed a 
deep crimson hue. This colour slowly faded while the mixture 5] 
regained its fluidity, until finally it consisted of a yellow, mobile solu- a 
tion with a pulverulent, white precipitate of sodium chloride. After al 
one hour, the mixture was warmed on the steam-bath, and throughout 
the experiment moisture was excluded. 
The mixture was now poured into water, and extracted with hot 
aqueous sodium hydroxide. The alkaline extract, when cooled and ' 
’ 


acidified with hydrochloric acid, furnished a brownish-white pre- 
cipitate, the yield of which was about 10 per cent., calevlated on 
the weight of camphor employed. 

This acidic product was crystallised from benzene, when almost 
colourless crystals were obtained. Further crystallisation from 
alcohol gave transparent, colourless, highly refractive, obliquely 
truncated prisms melting with decomposition at 266°. This decom- 
position point was, however, considerably lowered when the acid was 
heated for some time at 150°: 

0°1300 gave 0°2752 CO, and 0:0930 H,O. C=57'72; H=7°9. 

01418 ,, 03038 CO, ,, 0:°0982 H,O. C=58°41 ; H=7°69. 

05132 ,, 01984 Mg,As,O,. As=18°71. 

C,)H,,0,As requires C= 58°53; H=7'56 ; As=18°29 per cent. 

0°8870, titrated with standard sodium hydroxide solution, required 

008604 NaOH. The monobasic acid, C,,H,,0,: AsO*OH, requires 
0-08653 NaOH. 

04890, in 25 c¢.c. chloroform in a 2-dem. tube, gave aj +7°3°; 

whence [a];) +186°6°. 

Dicamphorylarsinic acid, (C,)H,,0),AsO°OH, is almost insoluble in 
water or petroleum ; it dissolves more readily in benzene, and is freely 
soluble in chloroform or alcohol. From the last of these solvents it 
separates in lustrous, colourless crystals. In titrating this sparingly 
soluble acid, a weighed portion, dissolved in benzene, was shaken up ~ 
with water containing phenolphthalein, when a sharp end-point was 
obtained with either V/2-sodium or V/2-potassium hydroxide. 
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The salts of the alkali metals and ammonium are extremely soluble 
in water or alcohol. The calcium, strontium, barium, nickel, and 
cobalt salts are not precipitated in aqueous solutions; the ferric, 
mercuric, and cupric salts are almost insoluble in water. 

Silver dicamphorylarsinate, (C,,H,,O),AsO"OAg, was obtained as a 
white, sparingly soluble precipitate from sodium dicamphorylarsinate 
and silver nitrate; it was amorphous at first, but slowly became 
crystalline, this change being accelerated on warming the mixture : 

0'1398 gave 00287 Ag. Ag= 20°53. 

C,,H,,0,AgAs requires Ag = 20°88 per cent. 

Cadmium dicamphorylarsinate, [(C,,)H,;0),AsO,|,Cd, separated as a 
sparingly soluble, white, crystalline compound on mixing strong 
aqueous solutions of cadmium chloride and potassium dicamphoryl- 
arsinate : 


04316 gave 0°0570 CdO, Cd=11°40. 

C,)H90,A48,Cd requires Cd = 12°17 per cent. 

From aqueous solutions of its salts, dicamphorylarsinic acid is set 
free by acetic acid, but only a very slight precipitate is produced by 
.arbonic acid. Dicamphorylarsinic acid does not yield an oxime on 
treatment with hydroxylamine in hot aqueous or alcoholic solutions. 

Dicamphorylarsinyl chloride, (C,,H,,0),AsO°Cl, obtained by the 
interaction of potassium dicamphorylarsinate and phosphorus penta- 
chloride, separated from chloroform and benzene in colourless 
crystals melting at 158°: 

0'2158 gave 0°0646 AgCl. Cl=7-41. 

C,)H,,0,ClAs requires Cl = 8°28 per cent. 

This substance is very sensitive to moisture, and is rapidly decom- 
posed on exposure to the atmosphere ; its specific rotation, taken in 
dry chloroform, gave [a], + 106°. 


Hydrolysis of the Alkali Dicamphorylarsinates. 


Although stable in hot aqueous solutions, the alkali dicamphoryl- 
awsinates, when evaporated with excess of caustic alkali unti! the 
mixture assumed a syrupy consistence, underwent hydrolysis with the 
liberation of camphor and the formation of an alkali arsenate. The 
camphor was evolved quantitatively, and in one experiment 97 per 
cent. of the calculated amount was collected and identified by its 
welting point, specific rotation, and conversion into camphoroxime (m. p. 
118°). The alkali arsenate was identified by conversion into copper 
arsenate, and also by precipitating the arsenic acid as magnesium 
ammonium arsenate. 
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When heated at 300°, dicamphorylarsinic acid and its alkali salts 
underwent complete decomposition. 


The authors desire to express their thanks to the Government 
Grant Committee of the Royal Society for a grant which has partly 
defrayed the expenses of this investigation. 
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CUXV.—Study of the Constitution and Properties of the 
Rhodanides of Inorganic Radicles. Part I. 
By Aueustus Epwarp Dixon and Joun Taytor. 


Ir is well known that certain more or less electronegative atomic 
complexes, for example, CNS, CNO, CN, or NO,, may yield with a 
given electropositive organic radicle in each case two isomeric con- 
pounds, the isomerism of which is conditioned by the mode of attach- 
ment of the particular atomic complex. Thus the chemical differences 
between the two forms of ethyl rhodanide, C,H,(CNS), are satis. 
factorily explained by the constitutional formule Et-S-CiN and 
Et:N°C:S respectively. ; 

Our knowledge regarding the combinations of distinctly electro- 
negative organic radicles with such electronegative atomic complexes 
is confined in effect to the series of compounds derived from carboxylic 
acids. Here no case of isomerism has yet been observed, the same 
being true with respect to the combinations of hydrogen and of the 
metals with the atomic complexes just mentioned ;: for instance, no 
isomeride is known of hydrocyanic acid or of potassium thiocyanate. 
Ammonium thiocyanate, it is true, has the same molecular composition 
as thiourea, NH:C(SH):NH,, but the production of the strict 
isomeride, namely, ammonium isothiocyanate, NH, N°C‘S, still remains 
to be accomplished. 

Rhodanides of the carboxylic acids may be prepared by the action 
of a suitable metallic thiocyanate on the corresponding acylogen, for 
instance : 

2CH,*COCI + Pb(SCN), = PbCl, + 2CH,*CO(CNS) 
(Miquel, Ann. chim. phys., 1877, [v], 11, 295). Of such compounds, 
thirty or so have now been prepared. 

Since by direct union with an alcohol these rhodanides yield the 
corresponding acyl-substituted thiocarbamates, and with primary oF 
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secondary nitrogen bases the corresponding thiocarbamides or 
thioureas, they must presumably be classed as thiocarbimides, R:NCS. 
Not infrequently, however, the two forms of change, namely, 
nent thiocarbimidie union and thiocyanic decomposition : 
rtly X-CO(CNS) + Y‘-NH, = X-CO-NH-CS‘NHY 
and X-CO(CNS) + Y*NH, = X°CO*NH, + H-SCN, 
occur concurrently, the relative extents being determined by various 
external conditions (Doran, Trans., 1905, 87, 331; Dixon and 
Hawthorne, tbid., 1906, 89, 468), from which it might be imagined 
that the rhodanide constitutes an equilibrium mixture of thiocyanate 
and thiocarbimide in ratios determined by these conditions. 

This, however, is not the case, for the molecular refraction of acetyl 
the rhodanide is sensibly constant between 13° and 75°, and the refraction 
value of its CNS-group is equal to that determined by experiment for 
various thiocarbimides, whilst differing widely from that found for 
aliphatic thiocyanates (Hawthorne, Trans., 1906, 89, 536). 


ule Furthermore, it has been observed that when a-acetyl-bb-diphenyl- 
hie thiocarbamide, CH,*CO-NH:CS:N(C,H,),, is caused to dissociate 
- into its constituents, namely, diphenylamine and acetylthiocarbimide, 
ch. CH,*CO-NCS, the latter is identical with ordinary acetyl “ thio- 
ves cyanate,” this chemical evidence going to confirm the conclusion 
iss J already reached by Hawthorne on purely physical grounds, Careful 
nd examination of the properties, both physical and chemical, of several 
different acyl rhodanides has served to corroborate the view that, 
rO- although these compounds may be caused to yield thiocyanic acid by 
- hydrolysis, they are nevertheless thiocarbimidic in constitution (Dixon 
lic and Taylor, Trans., 1908, 93, 691). 
- Whether an acyl thiocyanate is formed, even temporarily, from a 
he strongly acid chloride and a metallic thiocyanate seems doubtful ; 
no thus Miquel observed (loc. cit.) that when benzoyl chloride is added to 
e. alcoholic potassium thiocyanate, maintained at 0°, the organic pro- 
on duet of the interaction unites with the alcohol to form a substi- 
ch tuted thiourethane, and hence, presumably, consists of benzoylthio- 
18 carbimide : 


COPh:NCS + Et-OH = COPh:NH-CS-OEFt. 

Why acyl radicles should be so reluctant to enter into thiocyanic 
combination it cannot at present be stated with certainty. Disposing 
causes, however, may be suggested ; for instance, the similarity in 
electrical character of the two constituent groups. Even amongst 
, undoubted thiocarbimides of this class, the union between the acyl and 

the rhodanic complex may very readily be sundered ; thus, so well 
e warked a thiocarbimide as that of benzoyl gave with alkali more 
r than 88 per cent. of its contained sulphur in the form of thiocyanic 
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acid, and, what is still more remarkable, when treated with alcoholic 
ammonia yielded more than 50 per cent. of its sulphur as ammonium 
thiocyanate (Dixon and Taylor, Joc. cit.). Amongst purely hydro. 
carbon thiocarbimides, this elimination of the rhodanic group is not 
known to occur; in fact, it does not usually happen even with 
hydrocarbon thiocyanates, which tend to yield mercaptans and the 
like. 

Again, transformation of the ‘SCN group into ‘NCS is by no means 
uncommon, even when the associated radicle is not definitely electro. 
negative, as in the case of allyl thiocyanate. If conjoined with a 
distinctly acid radicle, and hence but loosely held, the rhodanic group 
could still more readily alter its mode of attachment, and would pre- 
sumably do so in whatever manner leads to the most stable kind of 
union between the two constituent groups. As to electrical character, 
it is not very easy to compare the two configurations of the rhodanic 
complex. But seeing that the thiocyanates of the alkali metals are 
neutral saline compounds, the residue ‘SCN must be strongly electro- 
negative, and in this respect comparable with the residues of the 
mineral acids. On the other hand, the known combinations of the 
group ‘NCS do not appear to be saline, nor does it unite with the 
metals of the alkalis or alkaline earths ; on these’ grounds, at least, 
the group ‘NCS may be considered less electronegative than the group 
‘SCN. Consequently, if a strongly acid radicle is conjoined, even for 
the moment, with the group ‘SCN, the latter might pass rapidly into 
the more electropositive configuration ‘NCS. On similar principles, 
the rhodanic group if transferred to a distinctly electropositive 
radicle, such as K, Na, ete., may be compelled to assume the form, 
‘SCN. This would seem to be the case, for when acetylthiocarbimide 
is treated with sodium ethoxide in presence of benzene, the action 
takes place as follows: 


Ac*NCS + Na‘OEt = Na‘SCN + AcOEt 


(Dixon, Trans., 1904, 85, 353). The rhodanic group of acetylthio- 
carbimide, which is desulphurisable by alkaline salts of lead or silver, 
is transferred, not to the ethyl, but to the sodium, and when there 
attached, has lost the property of becoming desulphurised ; had it 
passed (as NCS) to the ethyl group, the new rhodanide would have 
been desulphurisable ; presumably, therefore, the cunfiguration of the 
group is changed. 

Since alkalis and alkaline nitrogenous bases tend to hydrolyse the 
acyl thiocarbimides with production of thiocyanie acid, whilst non- 
alkaline bases, such as the primary arylamines, have much less effect 
in this way, it might be anticipated that still more feeble bases— 
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such, for instance, as diphenylamine—would show even less power to 
cause hydrolysis, and, concurrently, more to enter into thiocarbamidic 
union. Adequate material on which to judge is still wanting, but so 
far as may be learned from the behaviour of acetylthiocarbimide, this 
appears to be the case (compare Doran, Trans., 1905, 87, 341; Dixon 
and Hawthorne, Joc. cit.; Dixon and Taylor, Joc. cit.). It seems, 
therefore, not improbable that what conditions the “ thiocyanic” 
decomposition of acyl thiocarbimides is not any reluctance on the part 
of the “NCS groups to enter into ordinary thiocurbimidic reactions, 
but rather the tendency of the electropositive material offered for 
combination to seize instead directly on the electronegative group of 
the thiocarbimide, and so to liberate its rhodanic radicle. 

If it be true that strong electronegative character in an organic 
rndicle may entail the attachment of the rhodanic group solely as ‘NCS, 
it is reasonable to anticipate the existence of a similar mode of union 
amongst the rhodanides (at present known as “ thiocyanates ’’) of well- 
marked non-metallic radicles. 

Hitherto but few non-metallic rhodanides have been prepared, the 
ouly certainly known examples being the thiocyanates of phosphorus, 
silicon, and arsenic (Miquel, Joc. cit.), together with phosphoryl 
“thiocyanate ” (Dixon, Trans., 1901, 79,541). The silicon derivative 
has been re-examined carefully by Emerson Reynolds, who concludes 
(Trans., 1906, 89, 204) that it is really a thiocyanate ; on the other 
hand, the phosphorus and phosphory] compounds have been studied 
to some extent from the chemical point of view by one of the 
present writers (Dixon, loc. cit.), with somewhat different results. 

The latter study has now been resumed, in the hope of learning by 
physical methods something further as to the constitution of these 
two rhodanides. To this end, the molecular refractions have been 
measured, but, since the inferences drawn rest on the interpretation of 
the numerical results, it seems desirable to indicate by reference to 
other cases how the experimental figures have been applied towards 
the solution of the problem. 

Using the molecular refraction M, obtained from the formula: 


M, = Plu» — 1) 


t° 
dz 
Where p= molecular weight, ~,=index of refraction for the spectral 
ie) 

line, D, and ds = density at ¢° referred to water at 4°, Hawthorne 


found (loc. cit.) for methyl and ethyl thiocyanates at the ordinary 
‘emperature the figures 32-1 and 40°2 respectively. These, less 9°0 and 
VOL, XCIII 7D 
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16-°7—the refraction values for CH, and C,H,;*—gave as the effect of 
‘SCN, 23°1 and 23°5, or a mean of 23°3 units. 
Ethylthiocarbimide and allylthiocarbimide gave at 15°, after deductigg 
of the calculated values for the hydrocarbon radicles, 28°0 and 27°} 
for ‘NCS, and benzylthiocarbimide, after deduction of the mean value 
observed for C,H, (obtained from chlorotoluene and from benzyl 
chloride), gave 27°84, or a mean refraction effect for *-NCS of 272. 
When this method was applied to ace'yl rhodanide (M, at 20° = 4611), 
the value 17°8 for acetyl being deducted, the difference, 28°3, lay » 
near to the above figure for -NCS that he decided in favour of the 
constitution represented by the formula CH,*CO:NCS. 
The mean of all these values for *-NCS is 27°92, which differs by 
roughly one-third of a unit from the highest and lowest obtained. 
Cyclic thiocarbimides, for some reason not yet understood, give 
results far in excess of the calculated numbers. It is possible, never. 
theless, by determining the effect of the cyclic group in conjunction 
with CNS in a known compound, and by allowing for the former, to 
ascertain the refraction value of the rhodanic group when conjoined 
with similar benzenoid radicles. Thus, if from the mean number for 
phenylthiocarbimide, namely, about 77°6 (Nasini and Scala, Gazztt, 
1886, 16, 70; Berliner, Diss., Breslau, 1886), there be deducted what 
the present writers consider the most probable value for *NCS, namely, 
28'1, the difference, 49°5, represents approximately the refraction 
value of the phenyl group in such combinations. For example, it was 
found (Dixon and Taylor, Trans., 1908, 93, 692) that for o-tolylthio- grou 
carbimide, Mp = 85°8 ; this, less 49°5 (Ph) and 7°7 (CH,), gives 28,2 MF con 
number not far from 28:1, the above “most probable value” for 
“NCS. 
Benzoyl rhodanide gave (/oc cit.) Mp = 857, which, less 49:5 and 
8:5 (C,H, and C:0), leaves 27°7 ; from this it was concluded that the 
substance is a thiocarbimide. In like manner, carboxymethyl and 
carboxyethyl rhodanides, CO,Me*(CNS) and CO,Et-(CNS), when com- 
pared with acetylthiocarbimide on the lines indicated, gave for the 
‘NCS group the figures 28°7 and 27°9 respectively ; of the seven 
values given above for ‘NCS, the mean is 28°1, a number differing 
approximately by one-half unit from the highest and the lowest. 
Considering the difficulty of obtaining and of preserving these substances 
in a pure condition, that in calculating the molecular refraction 
the specific refraction (up —1/d), and hence the experimental error 1 
its determination, may have to be multiplied by very large number: 
(over 160 in the case of benzoylthiocarbimide), and lastly, that the 
end results are but differences depending ultimately on the precisiou 
* The atomic refractions used were : 
H=1°306; C’=5°092; C:0=12°25 ; 0" =3°426 ; Cl=9'864. 
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with which the other factors are measured and on a constant value 
being obtained by these different combinations, the concordance of the 
various refraction values for the thiocarbimidic group seems reasonably 
close. 

Whilst, then, the results are obviously no more than mere approxi- 
mations to the exact figures (if, indeed, there be definite values at all), 
they serve, nevertheless, to show that the group *NCS exerts on light a 
tolerably constant effect, which is measurably different from that pro- 
duced by the isomeric configuration *SCN. ‘To ascertain whether the 
refraction number, about 23:3, already obtained for the latter holds in 
the case of other than purely aliphatic hydrocarbon radicles, we have 
now examined benzyl thiocyanate, the molecular refraction in alcoholic 
solution being calculated from the formula : 

(w-1)_w’=1)r, (Hl qo9 _,, 
100 oo acne aaa re (100 -*), 
where », »', and mw” =indices of mixture, substance, and solvent 
respectively for the D line, and d, d’, and d” = densities corresponding, 
r being the weight of substance in 100 parts by weight of the mixture. 

The mean of two determinations in solutions containing respectively 
about 11 and 13 per cent. of thiocyanate was 75°7. This, less 52°3 
for the benzyl radicle (see above), leaves for the -*SCN, 23:4, a figure 
agreeing closely with the mean value obtained in other cases, namely, 
23'3. 

On the basis, therefore, that a refraction number for the rhodanic 
group of about 23°3 units on the above scale implies the configuration 
‘SCN, and that of about 28°1 units the configuration -NCS, we have 
examined the supposed thiocyanates, P(SCN), and PO(SCN),. 


Phosphorus Trirhodanide, P(CNS),. 


The preparation of this compound having already been described 
(Dixon, Joc. cit.), details of the procedure are unnecessary. Instead, 
however, of ammonium thiocyanate, the hygroscopic character of 
which entails some difficulties, the corresponding lead salt was 
employed. It may be noted, also, that the bumping and frothing 
during distillation, which are always more or less troublesome, are 
considerably lessened if the phosphorus trichloride is freshly distilled 
before use. 

The boiling points previously recorded were confirmed, a specimen 
twice rectified distilling at 164—165° under a pressure of 16 mm. ; 
the density, given before as 1°487 at 15°/4° (different specimens when 
washed with water and redistilled gave also 1°483 and 1°488), was now 
found at 15°/4° to be 1483. 

The refractive index of the oil approaching very nearly to the limit 

7 v2 
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of the highest prism in the Pulfrich refractometer employed, its value I tho 
was determined by the method of mixture specified above. In this way, pose 
fy Was found to be 1°71739 at 15°; whence My = 99°17. thio 

The refractive index of phosphorus trichloride, as determined by T 


Gladstone and Dale (Phil. Trans., 1863, 153, 341), when combined 
with the careful determinations of its density by Thorpe (Trans., 1880, 
37, 334), gives for M, at 28°5° and at 38°, 44°96 and 44°97 respect. 
ively. This we checked, finding for pp at 150° the figure 1°5152; 
whence M, =44°7. A determination by Nasini and Costa (/’ub. dell 


Ist. chim. Roma, 111, 1891) gives by interpolation for the D-line the P) 
value 45°2 ; the mean of these three is 44°95. The refraction of the & disti 
three chlorine atoms being in round numbers 3x 9-9, or 29°7, the & in b 
difference for the phosphorus is 15°25. equa 
Deducting now from the molecular refraction of phosphorus tri- & to th 
rhodanide the above value for phosphorus, we have for the joint total J causi 
effect of the three rhodanic groups 99°17 — 15°25 = 83°92, or, assuming & filter 
them all to be equal, about 28 units for each. clear. 
So far, therefore, as this purely physical method of examination may J the : 
be relied upon as affording evidence of chemical structure, the cou MJ gram 
clusion seems justified that phosphorus trirhodanide ts not a thio- To 
cyanate (M, for which would be about 85:1 units, instead of the 992 I thioc 
found), but «@ thiocarbimide. the ; 
Chemical evidence to the same effect, as might be anticipated, is ¥ colou 
more difficult to secure. For, as it has been mentioned already, the @ with 
rhodanides of negative organic radicles invariably may be hydrolysed & chlori 
with formation of thiocyanic acid; and it is doubtless by reason of & after 
the ease with which in many cases this change takes place that such J reacti 
particular compounds as show the reaction have generally been sulphi 
accepted as thiocyanates. But, since the mere production of thio HH very ; 
cyanic acid by hydrolysis is plainly insufficient to characterise a givet J cooled 
organic acid rhodanide as a thiocyanate, the formation of this sub- The 
stance in the case of an electronegative inorganic rhodanide cat HH chang 
equally afford no clue as to the constitution of the material which Hf was e: 
yields it. Indeed, considering the high affinity of phosphorus for @ when 
oxygen, and its relatively slight tendency to form amino-compounds, & |ittle 
one could scarcely anticipate the occurrence of the “ thiocarbimidie” J thiour 
hydrolysis : salts 
P(NCS), + 3H,0 = 3COS + P(NH,),. desuly 

Only by cautious treatment, therefore, avoiding the presence of BF of boi 
water or strong bases, might one reasonably expect to make manifest reactic 
the thiocarbimidic power of a compound the molecule of which 8 hand, 
obviously prone to total disruption (Miquel, doc. cit.). ‘To present! & silyey 
the absence of water a feeble base seemed most hopeful, since the HF standi 
hydrolytic effect (or the tendency of the basic residue to withdra¥ Hf also w: 
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the phosphorus) would be minimised, thereby giving to the sup- 
posed ‘NCS groups a chance to enter into their characteristic 
thiocarbamidie combinations. 

To secure these conditions, aniline and the still more feeble dipheny]- 
amine were employed ; so far successfully, that definitive, additive 
thiocarbamidie combination has been accomplished, although not to the 
full extent betokened by the presence of three -NCS groups. But 
that additive change may tu some extent be realised is shown by 
the following experiments. 

Phosphorus T'rithiocarbimide and Aniline.—To 4°93 grams of freshly- 
distilled oil, dissolved in cold benzene, 2°22 grams of pure aniline, also 
in benzene, were added (instead of 2°24, the calculated weight for 
equal molecules). The precipitated granular solid was filtered off, and 
to the filtrate were added two or three drops more of aniline, this 
causing a slight further precipitate ; on concentrating somewhat and 
filtering again, the filtrate when treated with aniline now remained 
dear, The precipitates, after drying, weighed in all 7°15 grams; 
the amount calculated for an equimolecular compound being 7:176 
grams, that obtained represents 99°6 per cent. of the theoretical. 

In the main product, a cream-white powder, ready-formed aniline 
thiocyanate was absent, for when the solid was shaken up with water 
the aqueous portion gave with ferric chloride a barely perceptible 
colour change, and no detectable reaction for aniline. On standing 
with cold water, hydrolysis occurred slowly, the reaction with hydro- 
chlorie acid and ferric chloride becoming gradually more marked, and, 
after some four or five days, intense. On boiling, the thiocyanic 
reaction was obtained at once, a perceptible trace of hydrogen 
sulphide being evolved; aniline was now detectable, although in 
very small amount, and phenylthiourea crystallised out as the solution 
cooled. 

That the phenylthiourea did not result through ordinary isomeric 
change of aniline thiocyanate, conceivably formed in the hydrolysis, 
was established by the following observations. Aniline thiocyanate, 
when heated to boiling in dilute aqueous solution together with a 
little aleohol, yielded in one minute no perceptible amount of phenyl- 
thiourea, as tested by the action of boiling alkaline lead or silver 
salts on the solution ; after three or four minutes’ boiling, a very slight 
desulphurisation began to show, which increased steadily as the time 
of boiling of the aqueous solution was prolonged ; in the cold, no 
reaction was noticeable after many hours’ standing. On the other 
hand, the solution of the phosphorus compound in aleohol gave with 
silver nitrate a white precipitate, which was blackened gradually on 
standing in the cold, or instantly on warming. ‘The compound gave 
also with cold dilute alkali an opalescent solution ; a portion of this, 
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when acidified, gave with ferric chloride an intense red coloration : 
another portion, when treated with an alkaline lead salt, gave , 
primrose-yellow precipitate, which became black, gradually in the cold, 
or immediately on gentle warming. Phenylthiourea, dissolved jy 
alkali hydroxide, behaved so far as the desulphurisation with lead 
solution is concerned in precisely the same way, save that the darkening 
was somewhat slower in the cold. 
It has already been shown (Trans., 1904, 85, 359) that of the total 
sulphur contained in this compound, about 4 per cent. escapes on 
rapid hydrolysis as hydrogen sulphide, and that of the remainder, 
about one-third crystallises out as phenylthiourea (in practice, nine 
tenths of this fraction was collected), whilst about two-thirds appear 
as thiocyanic acid. Apart, therefore, from the slight change first 
mentioned, the main decomposition may be represented thus : 
NHPh-CS:‘NH-P< Nog + 3H,0= 
NHPh:CS‘NH, + 2H°SCN + H,P0, 
Very remarkable is this sharp union in the cold of a single 
molecule of aniline with but one of the three ‘NCS groups in the tri- 
thiocarbimide. Possibly, but not very probably, it may be due to 
steric hindrance that the remaining groups fail to combine ; in this 
case, however, one would rather have anticipated the ready union of 
two -NCS groups with aniline, the difficulty arising in connexion with 
the third. Cases, however, are not uncommon in which, if several 
like atoms or atomic complexes are charged upon a single other atom, 
the atoms or complexes so conjoined show inequality of power to 
interact. Thus, for example, of the two chlorine atoms in carbonyl 
dichloride, but one reacts very readily with alcohol, the resultant 
ethyl chlorocarbonate uniting only slowly with excess of alcohol 
Carbonyldithiocarbimide, CO(NCS),, too, when mixed with alcohol, 
takes up but one molecule to form SCN:CO-NH:CS-OEt (Dixon, 
Trans., 1903, 83, 87). With bases, it combines readily in equi 
molecular proportions ; two molecules of base are not taken up in 
any case so readily as one, and in certain instances (namely, with 
naphthylamine and with benzylaniline), even although excess of bas 
is used, a single molecule alone enters into combination. Similar 
instances might be multiplied, but it would serve no other purpos 
than to show that our knowledge of the chemical power of a radicle, 
singly held, cannot always be extended by mere arithmetic to cases 
where there are two or moré, especially if these be attached to one 
particular atom. 
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In preparing this substance, potassium and lead thiocyanates were 
tried, and, as solvents in each case, benzene or cumene, the best yield 
being obtained from the lead salt with cumeng. Previous distillation 
of the phosphoryl chloride was found very advantageous in reducing 
the tendency of the solution to bump and froth during the fractiona- 
tion ; commercial cumene, which contains naphthalene, is unsuitable, 
for the latter, unless removed, is left ultimately mixed with the 
rhodanide, and causes difficulty. 

The solvent was distilled off under diminished pressure by the aid of 
a water-bath ; the residual oil was then collected separately and recti- 
fied. Its properties agreed with those already described (loc. cit.), the 
boiling points observed in various preparations being 159°/11 mm., 
160°/12 mm., and 1649/14 mm., the previous figure being 175°/21 mm. 
Its density, the mean of three closely concordant determinations 
from different specimens, was 1°518 at 15°/4°. The refractive index at 
about 15° was found to be, as the mean of three concordant determina- 
tions for material once rectified in each case, u, = 1°6882, and from 
three preparations, each doubly rectified, 4, =1°6918. From these 
figures, M, = 100-02 and 100-48 respectively ; the latter value is used 
below. 

Since the phosphoryl group, as shown by Gladstone (Trans., 1870, 
23, 112), has an abnormally low refraction effect, at least in meta- and 
ortho-phosphoric acids, it was necessary to ascertain directly what the 
value is in phosphoryl chloride, POCI,. From Gladstone and Dales’ 
determination (loc. cit.), namely, ~, =1'4882 at 17°, and Thorpe’s 
careful measurement of its density (doc. cit.), namely, 1°6805 at 
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ohol. 17°/4°, M, for POC], =44°6. This, less Cl, (3 x 9°9, or 29:7), leaves 
ohol, for the group ?PO the value 14:9, something less than that of the 
ixon, phosphorus which it contains. 


e{t- Consequently, the total effect of the rhodanie groups in phosphoryl 
p in thodanide is about 100°5 — 14-9, or 85:6, one-third of which (assuming 
with them to be alike), or 28°5, gives the value of each; this figure is 


base obviously much nearer to that representing -NUS (28°1) than the 


nilar # 233 which measures the effect of ‘SCN. If phosphoryl rhodanide 
pose contained three of the latter groups at the value named, M, would be 
icle, 848, instead of about 100°5. 


*ASES 
one 


Judging from the above results, the conclusion appears to be justi- 
fied that phosphoryl rhodanide, like the corresponding phosphorus 
compound, is not a thiocyanate, but a thiocarbimide, 

/NCS 
O:PCNCS . 
SNCS 
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Notwithstanding that phosphoryl trithiocarbimide is hydrolysed 
with ease into phosphoric and thiocyanic acids, there is no difficulty 
in obtaining also from it the reactions characteristic of a thiocarb. 
imide. For example, the cold alcoholic solution, when treated with 
alkaline lead tartrate, gave a turbid mixture, which very quickly 
became black, owing to desulphurisation. Silver nitrate, followed by 
ammonia in the cold, gave a like result, and mercuric or cadmium 
salts in presence of alkali yielded at once, on gentle warming, the 
corresponding black or yellow sulphide. ‘To ascertain to what extent 
the thiocyanic hydrolysis is accomplished in presence of alkali and 
water, a weighed quantity of the oil (about 14 grams) was dissolved 
in hot water containing 5 equivalents of N-sodium hydroxide ; the 
faintly alkaline solution was neutralised exactly by very dilute nitric 
acid, made up to a known volume, and boiled to expel a trace of 
hydrogen sulphide; the contained thiocyanic acid was then deter. 
mined by Barnes and Liddles’ method, using 4/10-copper sulphate, 
Of the total sulphur present in the oil, 90°75 per cent. was found as 
H-SCN, a figure close to that obtained for benzoylthiocarbimide and 
for carboxyethylthiocarbimide, namely, about 89 and 93 per cent. 
respectively (Dixon and Taylor, loc. cit.). 

Phosphoryl Trithiocarbimide and Antline.—To a benzene solution of 
the freshly-distilled oil, one molecular proportion of aniline was 
slowly added, the latter also being dissolved in benzene ; the weight of 
the yellow, granular precipitate which formed at once, together with 
that of another smal! quantity which separated from the mother liquor 
on standing, amounted to precisely the sum of the weights of materials 
employed. The melting point, 121°5°, with previous softening at 
120—121°, was practically identical with that observed before (Dixon, 
loc. cit.), and a sulphur determination, made as a check, fell a fraction 
of a per cent. below the figure calculated for an equimolecular con- 
pound. Cold water, shaken up with the solid, extracted from it 
scarcely a trace of thiocyanic acid, and no detectable amount of 
aniline ; on standing, however, hydrolysis began to occur, the process 
running a course exactly similar to that with the corresponding 
phosphorus derivative. The action is very slow at the ordinary 
temperature ; thus, inan experiment where a quantity of the additive 
compound was mixed with about twenty times its weight of water, 
the mixture being shaken up frequently during a fortnight, thio- 
cyanic acid: and phosphoric acid passed into the solution in slowly 
increasing amount; but on washing the residual solid until the 
filtrate ceased to react for thiocyanic acid when tested with ferric 
chloride, and again leaving the solid residue in contact with water, 
these two acids continued as before to accumulate in the solution. 

With dilute alkali, or with hot water, the hydrolysis takes place 
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rapidly. Thus, when a weighed quantity of the solid was digested on 
the water-bath for twenty minutes with a slight excess over four 
equivalents of V/10-alkali, together with some water, and the solution 
just acidified and diluted to a known bulk, the latter mixture, by com- 
parison with a standard solution of thiocyanate and ferric chloride, 
was found to contain sixteen-seventeenths of the thiocyanic acid, 
which could result from the change 


NHPh-CS:NH-PO(NCS), + 3H,0 = 
NHPh:CS-NH, + 2H-SCN + H,PO,. 


The colorimetric method, according to our experience, working at a 
concentration of WV/1000, gives results which are accurate to within 
about 5 per cent. of the total amount evaluated. Barnes and 
Liddles’ process proved unavailable, the phenylthiourea formed in the 
hydrolysis combining with the copper solution to produce some double 
compound, the nature of which we did not investigate beyond verifying 
that it is also precipitated when copper sulphate is added to phenyl- 
thiourea in presence of alkali bisulphite ; it is not formed from these 
two in the absence of the bisulphite. 

These results are so far confirmatory of those previously obtained 
(loc. cit) as to establish with reasonable certainty the propositions : 
(i) that phosphoryl trirhodanide in the cold enters at once into 
definite chemical combination with a single molecule of aniline, one 
only of its three rhodanic groups thereby becoming engaged with the 
base added ; (ii) that, apart from a trifling side-reaction leading to 
the production of hydrogen sulphide, the additive compound is hydro- 
lysed very readily into phosphoric acid, two molecules of thiocyanic 
acid, and one molecule of phenylthiourea ; (iii) that the original 
additive compound does not contain aniline thiocyanate, neither does 
the phenylthiourea produced by the hydrolysis result from the 
transformation of aniline thiocyanate, conceivably formed during the 
act of hydrolysis. 

What occurs, then, in the combination of aniline in the circum- 
stances named is this: of the three rhodanic groups attached to the 
phosphoryl residue, one alone absorbs the base, entering with it into 
definite thiocarbamidic combination ; the other two remain intact. 
On hydrolysis, the phenylthiocarbamido-complex is removed as 
phenylthiocarbamide (or phenylthiourea) ; the hydrolysis is completed 
by the elimination of the two remaining rhodanic groups, during 
which, as with other acylthiocarbimides, a small fraction of the 
sulphur escapes by thiocarbimidic hydrolysis as carbonyl sulphide, 
the main part of it decomposing as (CNS) and yielding thiocyanic 
acid, 

The next point to be decided was whether more than one molecule 
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of aniline can be united with a molecule of the trirhodanide. Since 
single molecular proportion of aniline precipitates and removes com- 
pletely from benzene solution the whole of the dissolved rhodanide, 
the experiment was now reversed, one molecular proportion of the 
phosphorus compound being added, drop by drop, in cold benzene to 
two molecular proportions of aniline, similarly dissolved, and kept cool. 
As before, a precipitate formed ; when washed with benzene and dried 
in the steam-bath, its weight amounted to 99:8 per cent. of the total 
weight of material employed for combination. The benzene mother 
liquor contained a mere trace of thiocyanic acid, but no detectable 
amount of aniline. 

The product, faint yellowish-white in colour, shrank at 113° and 
melted between 114°5 and 115°5°. On analysis : 


0°407, fused with NatOH + KNO,, gave 0600 BaSO,. S=23 2. 
C,,H,,ON.SP requires S = 23°58 per cent. 


The compound therefore is PO(NCS), + 2C,H,*NH,. 

As in the case of the preceding compound, aniline thiocyanate was 
not present ready formed, for the solid when shaken up with water 
was practically insoluble, the aqueous portion giving with hydrochloric 
acid and ferric chloride a barely perceptible red coloration, but, on 
boiling, the reaction was given abundantly. 

Strange to say, the second molecule of aniline is not held in the 
same thiocarbamidic combination as the first, or if it is, the decombina- 
tion occurs differently. For when the compound was hydrolysed as in 
the preceding case, and the liberated thiocyanic acid measured colori- 
metrically (Barnes and Liddles’ method proving inapplicable), the 
amount of this acid formed, as nearly as can be judged by this process, 
was that corresponding with two-thirds of the total sulphur present. 
The hydrolysed mixture gave the reaction for aniline. 

How to explain this curious behaviour, save conjecturally, we do 
not yet know, but on the ground that aniline thiocyanate is not 
present as such in the product (which, moreover, was at no stage of 
its formation pasty, as is generally observed if this substance is 
formed), the hydrolysis may provisionally be represented as follows: 
(NHPh:CS:NH),PO-NCS + 3H,0 = 

NHPh-:CS:NH, + NH,Ph+2H-SCN + H,P0, 

When one molecular proportion of the rhodanide was added to 
three molecular proportions of aniline in the cold, a solid s 
parated, but part of the base did not enter into combination, for the 
benzene liquor reacted freely for aniline. On warming the mixture 
on the water-bath to about 65°, the solid melted to a clear oil, and 
the benzene now no longer gave the reaction for aniline. Apparently, 
therefore, three molecules of the base had been absorbed, but o 
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pouring off the mother liquor, and allowing the oily residue to stand, it 
slowly changed into a yellow, pitchy resin, so unlikea definite chemical 
compound that no attempt was made to analyse it. With cold water 
the powdered resin behaved somewhat like the preceding compounds, 
save that the mixture when acidified and treated with ferrie chloride 
gave a distinct, although not strong, red coloration. 

Phosphoryl Trithiocarbimide and Diphenylamine.—From  10°574 
grams of thiocarbimide and 7:14 of diphenylamine (equal molecules), 
both in benzene, there separated 17°5 grams of a faintly yellow product 
consisting of microscopic needles. When heated in a narrow tube, 
these shrank slightly at 138°, and melted between 140° and 141° 
(uncorr.). A sulphur determination showed the substance to be an 
equimolecular compound : 


0377, fused with NaOH + KNO,, yielded 0°662 BaSO,. S = 24-2. 
C,,H,,ON,S,P requires S = 24°6 per cent. 


Cold water had little effect on this diphenyl compound, the mixture 
at the end of four days, during which it was frequently shaken up, 
giving with ferric chloride no more than a faint red coloration ; on 
builing, a well-marked reaction was obtained. 

Under the action of dilute alkali hydroxide, hydrolysis occurred 
readily ; thus, when 5°85 grams of the solid were suspended in hot 
water, and V-sodium hydroxide added, drop by drop, until the solution 
became just alkaline to litmus, 48 c.c. were required. Since, for the above 
quantity of substance, each 15 c.c. of normal solution represents one 
equivalent, a little more than three equivalents had been absorbed. 
When cold, the mixture was separated by filtration from the white solid, 
which now no longer yielded thiocyanic acid when boiled with potassium 
hydroxide, and was free from phosphorus; it was recrystallised from 
alcohol, and identified as aa-diphenylthiocarbamide. Its weight, apart 
from what remained in the aqueous portion (for the substance is not 
quite insoluble in water), amounted to 3:08 grams, that is, nine-tenths 
of what could be formed according to the equation : 


NPh,-CS‘NH-P(NCS), + 3H,0 = NPh,*CS-N H, + 2H-SCN + H,PO,. 


All the phosphorus had passed into the aqueous filtrate, which 
reacted intensely for thiocyanic acid, and gave the usual reactions for 
phosphoric acid; it contained, in addition, a trace of dissolved 
thiocarbamide. 

- Phosphoryl trithiocarbimide, when added to two molecular pro- 
portions of diphenylamine dissolved in cold benzene, yielded the above 
unimolecular additive compound in a somewhat impure condition ; the 
mother liquor, when concentrated by evaporation, afforded a further 
small crop of a mixture melting between 150° and 165°, and, when 
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allowed to evaporate to dryness, left a residue containing much 
unchanged diphenylamine. 

From these results it would appear that diphenylamine, in the cir. 
cumstances given, is less disposed than aniline to form with phosphory| 
trithiocarbimide a compound containing two molecules of the base. 
In this connexion, it may be recalled that, whilst the dithiocarbimide 
of carbonic acid, CO(NCS),, can unite with either one or two molecules 
of aniline or of toluidine, it combines with but a single molecule of 
naphthylamine or of benzylaniline, even although the latter bases be 
present in excess (see p. 2156). 

Earlier in this paper it has been suggested that the mode of union 
of arhodanic group may depend on the character of the radicle to 
which it is attached. Since hydrogen, like the hydrocarbon residues, 
represents a kind of electrical mean between strongly electropositive 
radicles, such as K, Na, ete., and strongly electronegative, such as 
CH,CO-, O:P<, and the like, it also might be expected to yield the 
two rhodanides, H‘SCN and H:NCS. 

It seems probable, however, that the great mobility of hydrogen, 
coupled with its generally electropositive character, may suffice to 
preclude its permanent association with the rhodanic complex, save in 
the one form H:SCN, and similarly with other radicles, such as CNO, 
CN, NO,, etc., which with hydrocarbon residues can give isomeric 
combinations, whereas with hydrogen they yield in each case but a 
single form. However this may be, the fact remains that when a 
thiocarbimide is hydrolysed, the products may contain carbonyl 
sulphide or thiocyanic acid, but not hydrogen thiocarbimide, H-NCS. 

It being tolerably clear, in a general way, that the less electro- 
positive the base presented for interaction to an acidic thiocarbimide 
the less is the resulting thiocyanic decomposition (and concurrently, 
the greater is the percentage of thiocarbamidic union), the idea 
occurred of trying whether chemical action could be brought about 
with distinctly electronegative “ bases.’’ For, although the amides 
do not combine directly with thiocarbimides containing hydrocarbon 
radicles, yet diphenylamine, which is little disposed to unite with 
these, does so vigorously with many acylthiocarbimides, and hence it 
seemed worth while to experiment on the lines indicated. 

The combinations attempted were: (i) benzoylthiocarbimide in 
benzene or acetone with oxamide, benzamide, acetanilide, and 
urethane, all in the cold; (ii) carboxymethylthiocarbimide with 
benzamide and with urethane, also in the cold; (iii) acetylthio- 
carbimide with urethane in boiling toluene. In no case could any 
sign of combination be detected. 

It is plain, therefore, that a certain amount of “basicity” is 
requisite for the combination of “base” and thiccarbimide; more 
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over, acetylthiocarbimide can furnish with aniline the compound 
uh-acetylphenylthiocarbamide, whilst phenylthiocarbimide, it appears, 
cannot unite with acetamide to yield the same compound. Yet the 
hydrogen of the NH,-group in acetamide is not especially difficult of 
removal, for it may be replaced directly either by bromine or by 
sodium. Ethylthiocarbimide, too, fails to combine with sodium 
acetanilide (Dixon, Trans., 1899, 75, 384), and phenylthiocarbimide 
with asparagine (ibid., 410); neither does acetyl chloride react with 
phenylthiocarbamide dissolved in aqueous sodium hydroxide (Dixon 
and Hawthorne, doc. cit.), a liquid supposed to contain the sodium deriv- 
ative of phenylthiourea, In the present state of our knowledge, to 
explain these facts is more than difficult. 


Although the only organic acy! rhodanides so far isolated are those 
derived from carboxylic acids, there is some reason to hope that 
certain non-carboxylic acids may afford similar products. For when 
the chlorides of phenylsulphonic and ethylsulphuric acids respectively 
were heated in presence of hydrocarbon solvents with lead thiocyanate, 
the liquor in each case was desulphurised by lead and silver salts, and 
hence may have contained dissolved thiocarbimide (Dixon, Trans., 
1897, 71, 640). Owing to the difliculty of securing complete inter- 
action without decomposing the organic product, these experiments 
were abandoned until better methods should become available ; it is 
now intended to resume the study, in the hope that more satisfactory 
conditions may be realised. It is proposed, also, to examine the 
molecular refraction of rhodanides containing inorganic radicles other 
than those of phosphorus and phosphoryl, with the view of learning 
whether, in such cases, the above physical method will serve as a 
means of distinguishing statically between the thiocyanic and the 
thiocarbimidice form of linking. 
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UCXVI.—Ester Catalysis and a Modification of the 
Theory of Acids. 


By Epwarp Firzceracp and Arruur Lapwortu. 


Tae main facts relating to the phenomena of catalysis by acids are 
well known. They have been studied in the main with reference to 
esterification and ester and sucrose hydrolyses. The‘influence of acids 
as catalysts is known to be exerted in many other types of reaction, as, 
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for example, in the bromination of carbonyl compounds, the decom. 
position of diazvacetic ester (Bredig and Fraenkel, Ber., 1906, 39, 1756), 
and the transformation of hydrazobenzene into benzidine. The 
numerous theories which have been devised to explain the catalytic 
influence of acids on esterification and ester hydrolysis have recently 
been dealt with in a fairly complete manner by Acree (Amur, 
Chem. J., 1908, 39, 145), and therefore it is not necessary fully to 
review the question here from the historical standpoint. It is suff. 
cient to say that Kastle appears to have been the first (Amer. Chem. J, 
1897, 19, 894) to have suggested the view now most generally held, 
namely, that the ions of the acid acting catalytically react with the 
substance undergoing change, forming an unstable addition product 
which subsequently yields the final products ; it is evident, however, 
that the same natural idea has occurred independently to other 
chemists. The view now most generally held in reference to ester 
catalysis, is that the carbonyl compound forms a complex with the 
hydrogen ions. On the other hand, Goldschmidt and Udby (Zeitsch, 
physikal. Chem., 1907, 60, 728) claim to have established that it 
is the alcohol which mainly forms the reacting initial addition 
compound or complex hydrion, but this claim cannot be accepted. 

The facts on which a recent discussion of the mechanism of 
esterification and ester hydrolysis have been based (Acree and 
Johnson, Amer. Chem. J., 1907, 38, 301) are: that the velocity 
of catalysed esterification and ester hydrolysis are usually nearly 
proportional to the concentration of catalyst, where the latter is 
a powerful acid, and to the concentration of the carbonyl compound 
(ester or carboxylic acid); and further, that the activity of the 
catalyst is roughly proportional to its so-called degree of dissociation 
as given by conductivity measurements, 

A slight lowering of the conductivity of acids was found by these 
authors to be produced by the addition of carboxylic ester. But their 
subsequent discussion of the question is based on the assumption that 
the velocity of esterification and ester hydrolysis is intrinsically 
proportional to the concentration of the alcohol and water respectively. 
This assumption is one which is made in most text-books on Physical 
Chemistry, but was not sufficiently well justified to warrant. the 
rejection of any theory of esterification which did not fulfil this 
condition. 

It must be pointed out that the classical experiments of Berthelot 
and Péan de Saint-Gilles do not throw any light on the question. 
Further the condition at equilibrium in a mixture of alcohol, carb- 
oxylic acid, ester, and water is determined by thermodynamic laws 
and must be the same whatever the path by which it is attained. 
The mechanism can only be decided after a study of the conditions 
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affecting the initial rate of change in the absence of the products of 
change. 

A theory put forward by one of us having been assailed on the 
above ground, experiments were made showing that, in point 
of fact, the initial velocity of hydrolysis of an ester in acetone 
js nearly independent of the water concentration over a wide 
range (Prov., 1908, 24, 101, 152), but the erroneous conclusion was 
drawn that, on this account, theories demanding a proportionality 
between the velocity and water coucentration were wrong. The 
equivocal character of the results was clear from the fact ‘that, within 
the same range of water concentration in acetone, the initial velocity 
of catalytic esterification is roughly inversely proportional to the 
concentration of the water, but proportional to the concentration 
of the alcohol, which is its analogue in the reverse reaction. The 
numbers obtained by Kistiakowsky (Zettsch. physikal. Chem., 1898, 27, 
253 e¢ seg.) also show that, within similar limits, similar relations 
obtain, whilst Goldschmidt (Ber., 1896, 29, 2208 et seq.) was the first 
to draw attention to the very great depression produced by small 
quantities of water on the velocity of esterification in alcoholic 
solution. 

In addition to the points above referred to, it was found by 
Fitzgerald and Lapworth (loc. cit.) that aleohol produced a very 
slight lowering only on the velocity of catalytic hydrolysis in acetone, 
and that the initial velocity of esterification is roughly proportional 
to the alcohol concentration. 

The solution of the question whether the initial velocity of hydrolysis 
of esters by acids and water is proportional to, or independent of, 
the concentration of the water was evidently necessary for the final 
determination of the question of the mechanism of ester catalysis. 
During the interval since the publication of the preliminary notes, the 
authors have been engaged in experiments on the velocity of esterifica- 
tion of acetic acid under varying conditions, but have come to the 
conclusion that rapid progress towards the solution of the problem is 
to be made along different lines, and after a due consideration of 
the facts referred to above. 

Their reasoning has been based on the belief that the alcohol and the 
water, so far as they take part in the esterification or ester hydrolysis, 
play similar parts. Now the velocity of esterification appears to be 
at the very first moment nearly proportional to the concentration of the 
alcohol, and therefore it seems impossible to avoid the’ conclu- 
sion that this is really also the case with the water, and that 
the general depressant effect of the increased concentration of water 
exactly neutralises the acceleration which would otherwise be ob- 
served. The most obvious view of the respective effects of alcohol 
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and water on ester catalysis is that, in solutions containing both, the 
two substances in question share between them some intermediate 
product, but on careful examination this fails to meet the case. 

No consistent hypothesis can be advanced until the possibility of 
combination of the catalyst itself with the water is considered. 

The theory advocated by the school of Arrhenius in the case of the 
hydrolysis of, say, aniline hydrochloride by water, is that, as the result 
of the dissociation of water in hydrogen and hydroxy] ions, the phenyl. 
ammonium ions unite ,with hydroxyl ions from the water to form JF which 
feebly dissociated phenylammonium hydroxide, and this, in tum, J% compe 
yields aniline and water. Further examination shows that this really & chlorii 
explains hydrolysis by assuming the base to be converted into a Wh 
relatively inactive hydrate. This is easily seen on considering the JF nearly 
following expressions. way it 

Let a small quantity of a weak base in a solvent containing hydrogen: & into u 
chloride and water be considered, The following equations represent J the an 
the relations usually supposed to obtain, where B=free base, BH,0 The 
involv 
affecte 
aleoho 


the undissociated hydrate (ionisable + non-ionisable), BH the 
cation, BHC] the undissociated hydrochloride of the base. The 
equations are : 


inactiv 
(a) HCl=1+Cl; (c) BHCI=BH+G1; (d) BH,O={BH+08, vl 
(c:) HO=H+0H; (f) B+ HCl=BHCI; (y) BH,O=B+H,0. J the bre 


the ex 

To these may be added a seventh, which is not so frequently intr ~ 
duced, but which is mathematically consequent on the others, namely, J expres: 
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reducti 
ions dit 
of form 
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: ; ‘ sect What : 
_ (H)(Cl) K _(BH)(Cl) _(BH)(OH) _ _ (H)(OH) water in 


(0) BH=B+H. 

Expressing concentrations by bracketing the symbols, the law ¢ 
mass action leads to the following expressions, most of which are i 
general use : 


K aa ? al ’ ’ a ’ — ’ 
1 (HCl)? ~*~ (BHC!)’ ~*~ (BH,O) 5” H,0 “oi 
, availaby 
x.— (BHC!) x _ (BHO) aig xo occurs 


hydroge 


6” (B)(HCl’ ~~" (BH,O)’ 
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(BH) 


Two of these being redundant, K, and K, may be conveniently be rega: 


expressed in terms of the others ; The 
* The: 
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The following relations also result : 
: 1 K. 
BH,O) = —(B)(H,O) = _ —-* (B)(H,0), 
(BH,O) = ¢(B)(H,0) = 5. (BHO) 

(BH) = K,(BH29) _ x (Byit), 

(OH) : 

= . 1 Se a 

(BHC!) = j¢ (BH)(Cl) = (B)(H)(Cl), 


which express the relationships between the concentrations of the 
compounds of B with the active masses of the hydrogen ions, the 
chlorine ions, and the water. 

Whence it follows that if the hydrogen and chlorine ions remain 
nearly constant in amount or increase on addition of water,* the only 
way in which the salt and its cation can disappear is by conversion 
into undissociated BH,O, as they are otherwise nearly independent of 
the amount of water present. 

The application of the Arrhenius view, then, to the case of catalysis 
involves the assumption that the water combines with the substance 
affected, thus rendering it inactive. If so, when esterification in 
alcohol is considered, it must be the carboxylic acid which forms an 
inactive hydrate, as the alcohol is in enormous excess. This, apart 
from its inherent improbability, is not capable of explaining the 
depressions which are observed, and when the influence of water on 
the bromination of acetone, referred to in another paper, is considered, 
the explanation is totally inadequate and must be rejected. 

The Hydrogen Ions of the Catalyst are Hydrated ?—Inspecting the 
expressions above given for the equilibrium of a base in presence of 


san acid and water, it is seen that the only other explanation of the 


reduction in concentration of the salt or its cation is that the hydrogen 
ions disappear, that is, that water acts on them in virtue of its power 
of forming oxonium salts. The assumption that such complexes may 
be formed is in no way novel, and has been used by many chemists. 
What is novel in the present conception is that the introduction of 
water into alcohol containing hydrogen chloride must necessarily reduce 
the number of hydrogen ions, or, in other words, of the amount of 
available hydrochloric acid. Further, as acid catalysis, unless hydrolytic, 
occurs enormously faster in alcohol than in water, the number of 
hydrogen ions in an aqueous solution of hydrogen chloride must be 
extremely small, even compared with one in alcohol, which itself must 
be regarded as a base. 

The mechanism of esterification in this view is intrinsically 

* The increase in conductivity of hydrogen chloride dissolved in alcohol consequent 
ou the replacement of alcohol by water is usually uttributed to a greater degree of 
dissociation of the acids into H and Cl ions. 
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proportional to (alcohol) x (carboxylic acid) x (hydrion); that of 
hydrolysis to (water) x (ester) x (hydrion), and the apparent dis 
crepancies between this, the usually accepted view, and experiment is 
due to alterations in the hydrion concentration which have not been 
foreseen. It is not yet possible to ascertain whether the alcohol and 
the water, on the one hand, or the ester and carboxylic acid, on the 
other, form the reactive complex ions, as the same results will be 
obtained in either case. The important work of Stieglitz on the 
hydrolysis of imino-ester ions and the properties of carbonyl compounds 
as a whole render the latter, and usual, view by far the more probable 
one. 

This question, however, assumes a secondary importance as compared 
with the broader reflections to which its study has given rise. The 
proposition that free hydrogen ions are responsible for the catalytic 
activity of acids leads to the conclusion that they must be relatively 
few in number in aqueous solution. On the other hand, the original 
conception of hydrogen ions was applied to explain the conductivity of 
acids in aqueous solution, so that the terms are not synonymous. 

In the latter case, they must be complex ions, probably of the form 


HOH, if the analogy between water and ammonia is complete; 
the catalytically active hydrogen ions, if they have a real existence, are 


simpler than these, probably H., 

The view that both types exist will perhaps prove useful in the 
theoretical treatment of certain questions, but the alternative must be 
considered, for it has long been entertained in one form or another by 
a school of chemists, including Armstrong and Lowry. 


The Velocity of Esterification when no Water is Present. 


The velocity of esterification having been found to be over a wide 
range nearly inversely as the amount of water present, it was obvious 
that the form of the curve expressing the variation of velocity with 
the amount of water was roughly of the form of a rectangular hyper- 
bola, but that the hyperbola would cut the velocity axis was tolerably 
certain, otherwise esterification with no water present would be 
instantaneous. This being highly improbable, it was clear that 
the curve near this point would have the form : 


da: 
when 4 and a were constants. The constant 6 was termed by the 


authors the water value of the solvent long before its true significance 
was understood. 
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The Theory of Goldschmidt and Udby. 


Goldschmidt and Udby have discussed the question of the retarding 
effect of water on the catalytic esterification of carboxylic acids in 
alcohol (Zettsch. physikal. Chem., 1907, 60, 728). These authors 
accept, without discussing the view of Arrhenius, the idea that 
the process of catalytic esterification depends on the intermediate 
formation of complex hydrions by one of the substances taking part in 
thechange. They claim to prove that the alcohol must be the sub- 
stance which mainly forms the reactive complex ions, but their process 
of reasoning would indicate that when the initial concentration of 
aleohol varied, the velocity would be unaltered, and this is contrary 
to experience, 

They adopt the view that the complex water ions, H,O, are the 
carriers of catalytic activity of acids in aqueous solution, and their 
views are thus essentially opposed to that advanced in the present 
papers, Which is that these are usually, if not always, ineffective as 
catalysts. 

Had these authors but perceived that the hydrogen ions, or the 
available hydrochloric acid, diminish in amount when water is 
added to alcoholic hydrogen chloride, they could not have formed 
the main conclusion which is put forward in their communication. 
Nevertheless, they must be credited with the first attempt to explain 
the anticatalytic effect of water on esterification in alcohol as the 
result of complex ion hydrolysis. 


EXPERIMENTAL. 


The experiments described were all carried out at 25+0-02°, using 
flasks which had been steamed and then dried by a current of hot air. 

Except where a definite statement is made to the contrary, the total 
volume of solution was made up with pure acetone to a total volume 
of25¢c. The catalyst used throughout was hydrogen chloride, and 
during the reactions had the concentration 0°0123 NV. It was found 
undesirable to prepare the preliminary solutions of the catalyst by 
passing hydrogen chloride into acetone, as evidence was obtained that 
interaction occurred under these conditions ; for this reason the solu- 
tion of the catalyst was prepared by adding aqueous hydrogen 
chloride of known strength to dry acetone. This necessarily intro- 
duced a small quantity of water, but it was never found possible to 
work with less water than this, for the results were then discordant, 
owing, doubtless, to changes resulting in condensation of the acetone. 
Separate tests showed that the concentration of the hydrogen chloride 
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in the solution used did not change appreciably during the time 
occupied by an experiment. 

The quality of the acetone was found to make an appreciable 
difference, and it proved necessary to use highly purified material, 
Concordant results were obtained from acetone, from the bisulphite 
compound obtained from Kahlbaum (A), or prepared and dried by us 
(B); good results attended the use of acetone (C) which had bee 
prepared from commercial purified acetone by boiling it with about 
3 per cent. of its weight of metallic calcium for some hours, and 
afterwards fractionating by means of an eight-section Young's 
dephlegmating column. 

The following represent a comparative experiment with the three 
specimens: water (0°253), alcohol (0°873), and acetic acid (1:143) 
grams, and the same amount of catalyst being added to three 25 c<, 
flasks, which were then filled with acetone at 25°, quantities of 2 c.. 
being removed from each and titrated from time to time ; = is the 
titre of the free acetic acid in c.c. of V/10 alkali. 


A, 


t= 12 65 107135 8B, 
2 = 1433 18°30 1249 12:00 10-29 *=0°0230 
Bt= 2% 74 . a 
x= 1433 1330 1259 1216 10-49 *=0°0238 
Ct = 30 30 i 
x= 1402 126 1211 11-71 gq *=0°0248 


It is seen that the results are not completely concordant ; for this 
and similar reasons the authors have not attempted to express all the 
velocity constants obtained in exactly the same measure. The 
constants for any one series, however, are strictly intercomparable, 
the individual experiments being made under identical conditions with 
only one variant. The different series in acetone are to be regarded as 
corresponding within a few per cents. only. It would be possible, if 
it served any really useful purpose, to pass from one series to another 
by fixing the point at which the conditions of the series in pairs 
correspond. The interest lies principally in the consideration of the 
influence of one variant at a time. 

The alcohol and acetic acid, which were as nearly as_ possible 
anhydrous, were introduced in equimolecular quantities at 25° by 
carefully standardised pipettes, except when either was a variable in 
series, when it was accurately weighed. In all other cases, too, the 
quantities of the reacting substance were weighed in the flasks, partly 
filled with acetone, then placed in the thermostat for some time, after 
which the catalyst in acetone was introduced, and the volume at once 
made up with pure acetone to 25 c.c., all the liquids having previously 
attained the temperature of the thermostat. At measured intervals 
of time, portions of 2 ¢.c, were withdrawn by means of a carefully 
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r/ 


standardised pipette, and titrated with 1/10 alkali, free from 
carbonate. In tabulating the titres in each case, that part due to the 
catalyst was first subtracted. It was ascertained that in the absence 
of alcohol no measurable diminution in the titre of acetic acid and 
hydrogen chloride occurred in wet acetone under the experimental 
condition. 

A word must be added with reference to the mode of estimating 
the initial velocities of change. ‘The titres plotted against time give 
curves which are not easily expressed by a simple mathematical 
relationship, so that other methods than the use of formule had to be 
adopted. In the case of the esterification numbers, the curves 
at first are nearly of the bimolecular form, so that by plotting 
the reciprocals of the titres against the time, a nearly straight 
line is obtained, from the slope of which the velocity at the be- 
ginning was easily calculated. In the experiments on hydrolysis no 
such simple relation could be found, and tangents were therefore 
drawo by hand to the smooth, plotted curves. This method was much 
less satisfactory than the former, but yields results which are not far 
from the correct values, and in series VIII the numbers given are 
identical, because the curves when graphed are indistinguishable in the 
initial stages. 

The function & represents in all cases the diminution of the titre 
per minute, in c.c., at the commencement (when ¢=0). For com- 
parison, the way in which & changes with the variable is added 
in each instance. 

A, Esterification. 
Series I.—Constants: Water, 0°253 ; Acetic Acid, 1°143. 


Variant. 
Alcohol. kx 107-2, 
(2) 0878 ¢= 1 34 88 117 158 2-80 
2 = 13°85 12°97 11°73 11°12 10°41 - 
(4) 1098 t¢= 2 36 82 111 152 3°51 
x = 13°84 12°70 11°43 10°77 9°96 - 
() 1718 ¢= 2 3 78 107 147 5-40 
a = 13°74 12°27 10°62 9°76 8°78 agi 
(d@) 2°043 t= 8 30 75 104 144 651 
zw = 13°86 12°32 10°47 9°45 8°35 - 
(e) 2°728 $= 32 35 70 100 139 8-27 
z= 1374 11°51 9°81 8°70 7°52 ” 
(/) 4566 t¢ = 2 29 64 98 133 49.8 
x = 13°64 11°20 8°90 7°45 6°29 - 
a. b. C. d. e. f- 
Kx10™ 3.09 319 3:15 318 3:03 2°80 
alcohol 


on 
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Series I].—Zffect of Alcohol on the Initial Rate of Esterification of 
Phenylacetic Acid by Alcohol in Ethereal Solution. Constants: 
Phenylacetic Acid, 2°00; Ether to 50 c.c. 


Alcohol. k , 10-2, 
(a) 2c, t= 4 14 26 34 44 56 9°] 
a"= 1304 1916 3233 270 21:30 20°46 
(6) 4c.e. ¢= 8 14 19 27 37 49 18° 
z*= 18°89 12°33 11°84 11710 1038 9°62 ne 
a, b. 
. ~2 
| oe 4°6 
alcohol 


* These titres include the hydrogen chloride present as catalyst. 


Series IIIl.—EZffect of Methyl Alcohol on the Initial Rate of Esterifica- 
tion of Acetic Acid in Ethereal Solution. Constants : Acetic Acid, 
3°72 ; Ether to 100 c.c. 


Methyl alcohol. kx 107°, 
(az) Wea ¢ = 6 17 27 45 107 30 
x = 30°35 29°06 2750 2630 22°30 ? 
(b) 5 c.c. t= 9 20 34 47 109 aa 
x = 3090 3030 29°30 28°60 26°15 wi 
a. db, 
kx10-? 
1°3 11 
methyl] alcohol 
Series LV.—Constants : Water, 0°253 ; Alcohol, 0°873. 
Acetic acid. kx107. 
(a) 2738 t¢ = 82 86 115 197 271 175 
2 = 33°74 31°50 30°41 27°88 27°03 . 
b) 2223 ¢ = 29 58 111 194 267 4°50 
x = 27°31 26°15 24°35 22°59 21°43 ; 
fc) 1840 ¢ = 26 55 110 192 266 3-91 
2 = 22°86 22°01 20°24 18°52 17°42 ; 
(d) 1473 ¢ 21 52 105 190 264 3-18 
2 = 18°54 17°62 16°32 14°80 13°79 , 
(c) 1124 ¢ 17 51 104 188 263 9-45 
x= 1419 13°36 12°41 11°11 10°30 
(f) 0°721 t= 15 49 100 184 261 172 
z= 9°29 8°80 8°06 7°18 6°54 
a C d. e 
ex 10™ 72 203 «6212 «©6216 S21 248 


acetic acid 


Ca- 
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Serres V.—Constants: Alcohol, 0°873 ; Acetic Acid, 1°143. 


Water. kx 1072, 
(a) 0253 ¢ = 16 49 94 143 240 2-60 
x = 14°38 13°67 12°70 11°82 10°57 
(ob) 0-490 ¢ = 20 49 94 144 240 2-00 
x = 14°45 13°89 13°21 12°51 11°48 . 
() 0733 %¢ = 24 50 95 144 241 1°38 
x = 14°57 14°17 13°67 13°12 12°28 : 
(d) 0°985 t = 23 51 97 146 243 0°87 
x2 = 14°71 14°50 14°10 13°73 13°09 ' 
fc) 1426 ¢ = 24 51 98 244 0-57 
zw = 14°85 14°63 14°47 13°84 - 
(f) 2172 %¢ = 26 54 100 246 0-34 
2 = 14°81 14°77 14°59 14°25 
a. b. 6, d, é. f. 
Water x kx 1072 066 0°98 1°01 0°85 0°82 0-74 


Series VI.—Hffect of Water on the Initial Rate of Esterification of 
Acetic Acid in Absolute Alcohol. Constants: Acetic Acid, 10 c.c. ; 
Alcohol to 50 c.c.; TIC] ebout .V/100. 


Water 


(a) None ¢é = 1% 7 12 18 28 
z = 13°62 12°97 12°52 12°14 11°51 
(6) OSec ¢ = 1 6 12 18 25 
a2 = 18°74 13°33 13°01 12°84 12°52 
() IDfec @€ = 1 7 13 23 
s= 19°76 13°53 13°32 13°05 


For estimations, 5 c.c. of the solution were added to aqueous sodium 
acetate, the whole being made up to 25 ¢.c. with water ; portions of 
2c.c. were then titrated, and the mean results are those given. 

The depressions here noticed as water is added or formed are greater 
than could be accounted for on the assumption that water acts by 
hydrating the acetic acid, unless it be supposed that one molecule of 
water would render several molecules of carboxylic acid inactive. 


Series VII.—Constants: Water, 0°253; Alcohol, 0°873; Acetic Acid 


1143. 
Ethyl acetate. Ex 107%. 5 
(2) 0182 ¢= 17 79 134 278 2°53 
x = 14°60 13°20 12°26 10°56 . 
(b) 0°310 t= 80 136 279 40 
x= 1422 13°19 12°26 10°58 > 
) O715 ¢= 27 79 135 277 »-29 
x 14°23 13°24 12°40 10°81 7 
(¢@) 1°028 t= 2 80 136 279 13 
wz = 14°30 13°30 12°48 10°97 ie 
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Sertes VI1.—Constants ; Water, 0°253 ; Alcohol, 0°873; Acetic Acid, 
1:143 (continued). 


Ethyl acetate, kx 10-2, 
(e) 1°425 t= @ 81 137 280 1°98 
z= 14°32 13°38 12°59 11°24 ; 
(f) 2004 t= 29 84 140 283 1°82 
x = 14°40 13°49 12°79 11°54 ” 
(g) 2158 ¢ = 39 85 141 284 1-75 
xz = 13°96 13°27 12°59 11°44 . 
B. Hydrolysis. 
Series VIII.—Constant: Ethyl Acetate, 1°666. 
Water. kx 107°, 
(#) 0°253 j= 84 134 206 : 
x = 0°27 0°56 0°83 118 0°72 
(b) 0536 ¢t = 44 85 136 208 0-79 
x = 0°35 0°62 0°95 1°39 = 
() O788 f¢ 15 85 136 208 0-79 
x = 0°33 0°59 0°92 1°36 : 
(d) 1010 ¢ = 47 86 137 209 0-79 
x = 0°35 0°59 0°88 1:29 . 
(ec) 1305 ¢ = 48 90 140 210 0-79 
x = 0°34 0°55 0°77 1°16 , 
(f) 1°723 t 50 95 140 210 0-79 
x = 0-29 0°54 0°74 1:06 , 
x = 0°26 0°45 0°65 0°96 ' 


Series 1X.—Constants: Ethyl Acetate, 1666 ; Water, 0°341. 


Alcohol. &x10-*. 
Awe 2 
i as Y= O87 083 5 (O64 
er ar a 
(7) 2-918 tin oe 153 238 “as 


0°33 0°63 0°86 — 
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eid, Serres X.—Constant : Water, 0°339. 
Ethyl] acetate. kx 10-2, 
(a) 1°066 ¢ = 658 89 131 196 0°58 
x = 0°26 0°41 0°49 (?) 0°82 
(6) 1°381 t = 36 69 133 177 0-73 
x = 021 0°41 0°75 0°96 ’ 
(ec) 1°833 t= 49 83 124 191 ; 
2 = 0-41 063 o90 137 %9%9 
(d) 2°282 t= 382 65 135 169 118 
x = 0°31 0°63 1°22 (?) 1°57 . 
(ce) 2806 ¢ = 44 80 126 186 — 
x = 0°54 0:97 1°46 2:00 
(f) 3°225 ¢t = 28 62 140 165 +08 
x = 0°41 0°88 1°73 (2?) 2°11 
(g) 3°576 t= 41 76 133 182 1°82 
z = 0°67 1°22 1°85 (2?) 2°62 
a. b. Ce d. $ F q. 
kx 10-2 


—_ 0°54 0°53 0°54 0°52 0°52 0°51 0°49 
ethy] acetate 
Much of the expense incurred during this work was defrayed from 
ag-ant awarded by the Government Grant Committee of the Royal 
Society, for which the authors desire to express their indebtedness. 


GOLDSMITHS’ COLLEGE, 
New Cross, 8.E. 


CCXVIL.—Tellurinm Dicyanide. 
By Herpert Epwin CocksEDGE. 


AtraoucH cyanides of both sulphur and selenium have been known 
for some time, the possible existence of a tellurium compound appears 
not to have been investigated. 

It was found that a cyanide of tellurium can be prepared by double ‘ 
decomposition between silver cyanide and tellurium tetrabromide, the | 
reaction taking place in a suitable organic solvent. 

‘The tellurium tetrabromide was obtained by the cautious addition 
of bromide to powdered tellurium, the excess of bromine being 
removed by a current of dried nitrogen while the flask containing the 
substance was warmed. 

The details of a preparation are as follows: The tellurium tetra- 
bromide (35 grams), with twice the required quantity of well-dried 
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silver cyanide (100 grams), was placed in a round-bottomed flask fused 
to a reflux condenser, and about 200 c.c. of purified and dried benzene 
added. The flask was heated to about 90° in a water-bath continuously, 
with occasional shaking, for three days, when the benzene, in which 
the tellurium cyanide is not appreciably soluble, was decanted from 
the silver salts. 
It was found to contain much cyanogen bromide, and the reaction 
may therefore be written : 
TeBr, + 3AgCN =Te(CN), + 3AgBr + CNBr. 
The residue was then digested with dry ether, which dissolved 
out the tellurium cyanide, forming a colourless solution. 
Inasmuch as the tetrabromide forms a deep yellow solution in ether, 
the absence of colour indicated that the reaction was complete. After 
evaporating the ethereal solution at the ordinary temperature, access 
of moist air being avoided, colourless crystals were obtained, which 
lost ether on warming; the substance proved to be a compound 
of ether and tellurium dicyanide, 2Te(CN),,(C,H,;),0. Analysis gave: 
Found, N =(i) 13°2 and (ii) 13°3. 
Te = (i) 58°2, (ii) 58°8, and (iii) 59°8. 
2Te(CN),.,(C,H,),0 requires N = 13-0 and Te=58°9 per cent. 
It is known that the tetrachloride and tetrabromide of tellurium 
form similar compounds with ether. 
To prepare the dicyanide, Te(CN),, the ethereal solution obtained 
above was filtered into a distilling flask, and evaporated to dryness 
from a water-bath, the last traces of ether being removed by a current 
of dried hydrogen. The cyanide so produced retained the shape of 
the original crystals, but was grey, owing to a slight coating of 
tellurium. 
.The pure cyanide was obtained by distilling this product in a 
vacuum, about half of the substance being lost in the process as 
tellurium and cyanogen. The sublimed crystals were analysed : 


0°1571 gave 01114 Te. Te=70°9. 
0‘2218 ,, 0°0640 cyanogen. (CN) =28'8. 
Te(CN), requires Te=71°0 ; (CN) = 29:0 per cent. 

When exposed to the air, the cyanide in a few minutes assumes the 
appearance of graphite, owing to deposited tellurium. 

With water and alkalis, immediate hydrolysis occurs, and tellurium 
is precipitated in the form of black flocks. The course of the 
hydrolysis is similar to that of the dichloride and dibromide of 
tellurium : 

2Te(CN), +3H,O = Te + TeO(OH), + 4HCN. 
When heated in air, the cyanide burns with a pale blue flash. 
The decomposition of the compound into tellurium and cyanogen 
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takes place to a slight extent at 100°, but more rapidly as the 
temperature rises ; there is a sudden increase in the rate of evolution 
of the gas at about 190°, at which temperature partial sublimation of 
the cyanide occurs. 

The substance is slightly soluble in chloroform or carbon tetra- 
chloride ; methyl alcohol dissolves it in the cold without change, but 
hydrolysis occurs when the solution is warmed. 

At the ordinary temperature, one gram of the substance requires 
about 60 c.c. of ether for solution. 


Curist CourcH LABORATORY, 
OXFORD. 


CCXVIII.—Boron Thiocyanate. 
By Herpert Epwin CocksEpDce. 


Tue thiocyanates of phosphorus and silicon were first described by 
Miquel (Ann. Chim. Phys., 1877, [v}, 11, 343); they have since been 
investigated by A. E, Dixon (Trans., 1901, 79, 541) and J. E. 
Reynolds (ibid., 1906, 89, 397). 

The corresponding boron compound was alluded to by Miquel, in 
the paper mentioned above, as follows: “ Finally, after experiments 
as yet incomplete, I can assert that boron bromide reacts similarly 
with lead sulphocyanide to give a sulphocyanide with properties 
analogous to those of the silicon compound.”’ 

Boron bromide reacts with silver thiocyanate with the formation of 
boron thiocyanate, which is extracted from the product by means of 
cold benzene. 

The boron bromide was prepared according to Gattermann’s method 
(Ber., 1889, 22, 195) by the action of bromine on crude boron, 
obtained by the action of magnesium powder on anhydrous borax. 
The final distillation was carried out with care, since the mercuric 
bromide formed after decolorisation of the crude product with 
mercury is carried over in appreciable quantities in the last portion 
of boron bromide vapour. 

To prepare the boron thiocyanate, a small bulb of boron bromide 
was placed together with twice the theoretical quantity of thoroughly 
dried silver thiocyanate in a well-stoppered bottle, pure benzene added, 
and the bulb broken by vigorous shaking. ‘he shaking was continued 
fora few minutes, after which the colourless solution of the thio- 
cyanate was filtered, and the benzene removed at the ordinary 
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temperature by means of a current of dry air. The substance was 
deposited in glistening, colourless crystals, and a further quantity 
could be obtained by extracting the residual silver salts with 
benzene. 

Traces of hydrolysis occur unless extreme care is taken, the crystals 
becoming clouded and discoloured as the solution becomes concentrated, 
Analysis gave : 

B=(i) 5°8, (ii) 6°3, and (iii) 5°8. 

N =(i) 21°6 and (ii) 22°3 

S=(i) 51°6 and (ii) 51°8. 

B(SCN), requires B=5:9 ; N=22'7; S=51°9 per cent. 


The substance separates from benzene in short, rhombic crystals, or 
sometimes in the form of radiating needles. It crystallises from ether 
in thin, colourless plates. 

When heated on a platinum wire in the Bunsen flame, the thio- 
cyanate burns, leaving a charred residue, which, on ignition, gives 
boron nitride. Inthe absence of air, it is largely destroyed on heating, 
only a small portion distilling unchanged. 

At 100° the substance darkens considerably, and a benzene solution 
deposits brown flocks when it is boiled. 

When exposed to moisture or treated with alkalis, the thiocyanate 
is at once hydrolysed to boric and thiocyanic acids, a solution of ferric 
chloride giving an intense coloration. 

With the view of determining whether the substance possesses the 
constitution of a thiocyanate, B(SCN),, or of a thiocarbimide, B(NCS),, 
its behaviour towards aniline was investigated. 

A. E. Dixon has shown (loc. cit.) that the corresponding phosphorus 
compound acts as a thiocarbimide towards the base, yielding the 
corresponding thiocarbamide, whereas from the work of J. Emerson 
Reynolds the silicon compound exhibits the behaviour of a 
thiocyanate. 

A solution of the boron compound in benzene was added to a 
concentrated solution of aniline in the same solvent. Some heat was 
evolved, and a mass of white crystals was precipitated. These were 
washed by decantation with benzene, drained, and dried, access of 
moisture being avoided as much as possible. 

The crystals contained no boron, but gave reactions for aniline and 
a thiocyanate; they melted at about 78°, softening before that 
temperature was reached. The substance gave no thiocarbamide 
reactions when freshly prepared, but after boiling with water, or 
allowing it to stand for some time, a mirror of lead sulphide was 
obtained on warming a portion with an alkaline solution of lead. 

The substance had in fact been converted into phenylthiocarbamide, 
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vas which melts at 154°; a specimen prepared from the original crystals 

ity melted at 153°. On analysis : 

ith 0-0914 gave 14:2 c.c. N, (moist) at 11° and 756 mm. N=18°6, 
04136 ,, 06679 BaSO, S= 22-2. 

als C,H,N,S requires N= 18:4; S=21'1 per cent. 

ed, The above experiments thus indicate that the boron compound 


in solution behaves as a thiocyanate rather than as a thiocarbimide. 
The boron remains in solution in the benzene probably as the 
avilide of boron, but it was not isolated as such; the anilide, which 
does not seem to have been described, is extremely soluble in benzene, 
and can only be obtained from a solution in that solvent by 
concentrating and keeping the resulting gum for some time. 


7 In conclusion, I wish to express my best thanks to Dr. Baker for 
the helpful interest he has taken in the above work. 
0- 
eS Carist CouRCH LABORATORY, 
g, OxForD. 
mm aeeeee —_ 
te | CCXIX.—The Viscosity of Fuming Sulphuric Acid. 
ic 
By AvBert Ernest Dunstan and Ropert WILLIAM WILSON, 
1 In a recent paper (Trans., 1907, 91, 83), the present authors published 
39 a viscosity-concentration curve for aqueous solutions of sulphuric acid. 
This curve was shown to follow very closely that originally deter- 
is mined by Knietsch (Ber., 1901, 34, 4069), and it was pointed out 
e that the investigation clearly indicated very considerable association 
D between the acid and the water. 
a A well-defined maximum point was found to exist at a concentra- 
tion of 85 per cent. sulphuric acid, corresponding with the well-known 
a compound SO(OH),, and a minimum point at the concentration 95 per 
cent. sulphuric acid, which corresponds with the hydrate 3H,SO,,H,O. 
Y Now it appears probable that the compound SO(OH), is present in 
f solution in the aggregate [O:S(OH),|,, where m is a whole number of 


considerable magnitude, and similarly, at the concentration indicated 
by the minimum point there is present the aggregate [3H,SO,,H,O]m, 
t where m is less than n, since the exceedingly high value at these two 
3 points of the viscosity coefficient, 0°94794 and 0°83255 respectively, 
; points to the existence of complexes of great molecular weight. 
In the above-mentioned paper, the curve ended at 100 per cent. 

sulphuric acid, with evidence that the viscosity would be found still 
increasing with a greater percentage of the anhydride. 
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Owing to the kindness of Dr. Messel, to whom the authors take 
this opportunity of expressing their indebtedness, an ample supply of 
very pure acids of varying content of free sulphur trioxide was placed 
at their disposal. 

The solidity of some of the specimens necessitated the work being 
carried out at a higher temperature than 25°, at which the previous 
experiments had been conducted ; hence 60° was taken as the constant 
temperature. The extreme manipulative difficulty of working with 
these strongly fuming liyuids, and the remarkable way in which they 
absorbed water, even during the progress of the determinations, pre. 
cluded the attainment of any high degree of accuracy, but, for pur. 
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poses of comparison, it must be borne in mind that each point was 
determined under precisely similar conditions. 

Knietsch (doc. cit.), using a variety of methods, found discontinuities 
in the curve connecting concentration with physical properties at the 
following points : 

Melting-point determinations : 2H,SO,,H,0, 4H,SO,,S0,, H,S0,,280,, 
H,SO,,H,0. 

Viscosity : H,SO,,H,O, H,SO,,S0,. 

Conductivity : 2H,SO,,H,O, H,SO,,H,O, and 15 per cent. SO, 

In the present work (see figure), it is to be noticed that the 
viscosity concentration curve rises sharply from pure sulphuric acid 
to the acid containing 40 per cent. of sulphur trioxide, at which con- 
centration the compound H,SO,,S8O, probably exists. This maxi- 
mum also is in substantial agreement with Knietsch’s work. At this 


MOORE: THE DENSITIES OF KRYPTON AND XENON. 2181 


int the viscosity coefficient attains the dimensions 0°2045, whereas 
for water at 60° is 0°00464, and for sulphuric acid, 0°0832. 


Per cent. free SOs. Viscosity. | Per cent. free SOx. Viscosity. 
70°0 0°1147 21°5 0°1488 
46°0 0°1791 16°3 0°1383 
40°6 0°2045 0°0 00832 
27°72 0°1753 Water at 60° 0°00464 


From the maximum, the curve rapidly falls, and as free sulphur 
trioxide is approached, the viscosity falls to the same dimensions as 
that of pure sulphuric acid, 

The general conclusions to be drawn from this work are : 

(1) The high degree of association of sulphuric acid, due probably 
toeach hydroxyl group functioning as the seat of very considerable 
residual affinity, thus: 


OSX, ° 
O-H 

(2) Further evidence as to the existence, in solution, of molecular 
aggregates, such as H,SO,,SO,. 


PoysIcCAL CHEMICAL LABORATORY, 
East Ham TECHNICAL COLLEGE. 


CCXX.—The Densities of Krypton and Xenon. 
By Ricuarp Bb. Moore, B.Sc. 


Tue volume of krypton and xenon isolated by Ramsay and Travers 
during their classical research on the rare gases of the atmosphere 
amounted to 12 c.c. of krypton and 3 c.c. of xenon. The two best 
density determinations obtained by them for krypton were made on 
two samples of gas, one of which had been fractionated from argon 
and the other from xenon. The former gave a density of 40°82 
and the latter 40°73. Later, Ramsay, starting with 191-1 kilos. of 
air, obtained 7°5 e.c. of kryptom and 0°87 ¢.c. of xenon. This krypton 
gave a density of 40°81. To make an accurate density determina- 
tion with the original 3 c.c. of xenon was by no means easy, and 
the two highest figures obtained, 63°64 and 64-0, agreed exceedingly 
well in the circumstances. The density of xenon has generally been 
taken as 64:0, and its atomic weight, on the assumption that it is 
4 Monatomic gas, as 128°0 (Phil. Zrans., 1901, 197, A, 66). 
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Owing to the small volume of gas available for fractionation, it js 
probable that the krypton in the above experiments contained small 
traces of argon, and that the xenon also was not entirely free 
from krypton. ‘This source of error would give low results for the 
densities of both gases. In addition, the volume of the bulb used 
was only 7 c.c. Recently, during a search for possible new elements 
in the atmosphere (Proc. Roy. Soc., 1908, 81, 195), the author 
fractionated in Sir William Ramsay’s laboratory the residues from 
120 tons of liquid air, which gave krypton and xenon in sufficient 
quantities to make it possible to obtain pure samples of both gases, 

The density apparatus used was a slight modification of that designed 
by Ramsay and Travers (Phil. Trans., 1901, A, 197, 54), and 
is shown in Fig. 1. It consists of a U-shaped gas burette fastened to 
a strip of mirror glass, on the surface of which is etched an accurate 
millimetre scale. The tube B is of the same diameter as the upper 
portion of A, hence a correction for capillarity is unnecessary. (/ 
contains a roll of silver foil in order to prevent minute globules of 
mercury, carried over by the gas, from entering the bulb Z. KX leads 
to a Tépler pump. The bulb Z is connected with the capillary tube 7 
by means of a selected piece of pressure tubing wired on. It was 
found that such a connexion remained perfectly gas-tight during 
a period very considerably longer than was required for an experiment. 

The density bulb used had a volume of 32°7077 c.c. The volume of 
the sealed counterpoise was the same as that of the bulb. A long. 
armed Qertling balance sensitive to 0°01 milligram and carefully 
standardised weights were used. These weights, although standardised 
relatively to each other, were made absolute, inasmuch as they were 
used for determining the weight of the bulb full of water. No 
correction for latitude has been applied. 

The method of manipulation was as follows: By raising the globe 
D the mercury was run into the burette up to the stopcocks a and ). 
The latter were then closed. The reservoir D was then lowered so as 
to leave a barometric vacuum in the tubes A and B, after which the 
stopzock d was closed. The density bulb had meanwhile been com- 
pletely exhausted and carefully weighed. It was then attached to the 
tube H. The vessel F, surrounding the bulb, was packed with ground 
ice, and distilled water, previously cooled almost to zero, was poured in 
until the level of the water reached the upper surface of the ice. The 
stopcocks a and m were then turned, the apparatus thus being put in 
communication with the pump. In this manner, the air in the bore of 
the stopcock a was completely removed. After exhaustion was 
complete, a and m were closed and d opened, the mercury rising 
in the burette. The gas was then run into the burette through the 
capillary tube A, which was completely filled with mercury. 
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turning the stopcocks a and e so as to put A into communication 
with #, the gas entered the bulb. The stopcock 4 was then opened 
and the reservoir D adjusted so that the level of the mercury in A 


Qua een 


lay close to the top of the tube. After half an hour, the pressure was 

observed, the stopcock e closed, and the barometer read. The gas 

contained in C’ and A was removed through the pump, and the globe 
VOL. XCIIL. 7 F 
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was suspended on the balance. Owing to the small size of the glole 
no correction was made for shrinkage under atmospheric pressure, 

Aenon.—The xenon used in the density determinations had bee 
separated from the krypton by a long series of fractionations. The 
gas thus obtained, after it had been sparked with oxygen and th 
oxygen removed with phosphorus, was condensed in the fractionating 
bulb at the temperature cf liquid air. As krypton has a vapour 
pressure at this temperature of 17 mm., and the vapour pressure of 
xenon at the same temperature is only 0°17 mm., the two can be 
separated by removing the krypton from the xenon by means of 4 
Tipler pump. It was found during the preliminary fractionation 
that a mixture of solid krypton and xenon could be apparently 
pumped “dry” and yet some krypton would be retained below the 
surface of the solid xenon. On vaporising all the gas, however, and 
re-depositing, this krypton could be pumped off. This process was 
therefore repeated several times during the final attempt to get ril 
of all traces of krypton. The gas then pumped off was apparently 
pure xenon, as its spectrum did not show the slightest traces of the 
principal krypton lines. Nevertheless, it was rejected as_ probably 
containing traces of krypton. 

A portion of the pure xenon was then fractionated at — 130° by 
means of light petroleum cooled with liquid air. Four fractions were 
obtained, and density determinations were made with fractions 2 ant 
3. The results were as follows : 


Frac 
7 bein, 
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practic 
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Fraction 3. — 

Fraction 2. - , . with 03 

Volume of density bulb (in e.c.).... 32°7077 32°7077 32°7077 was re 

DORI oiissaxdpiinacccndsssevaesies 0 0° 0° Der 
Pressure on gas, correcte — mm.) 480°0 446°4 5217 : 

Weight (in grams).. inn | 0°11223 013106 Ib Was 

Hence, density (O= 16) éeets oni 65°253 65°380 65°328 nitroge 
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As the density of fraction 2 was lower than that of fraction 3, the 
former probably still contained a very small trace of krypton, and the 
experiment may therefore be rejected. Itis probable that this trace 
was contained in the first portion of fraction 2, and as the whole 
volume of the fraction was 40 ¢.c., we may assume that any krypton 
in fraction 3 would have no effect on its density within the limits of 
experimental error. The mean of the two determinations on fraction 
3 (65-35) may therefore be taken as the density of xenon. 

Krypton. —It is easier to obtain pure xenon than pure krypton. In 
the former case it is only necessary to free the gas from krypton. In 
the latter, both argon and xenon must be removed. In the fractiona- 
tion of a mixture of three gases, it is always easier to obtain pure 
samples of the gases which possess the lowest and highest boiling 
points than it is to obtain a similar sample of the gas with an inter 
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mediate boiling point. Consequently, special pains were taken to 
purify the krypton. The gas obtained during the progress of the 
work already referred to had been repeatedly fractionated, and its 
spectrum showed none of the argon or xenon lines. In order to be 
sure that the krypton was free from these gases, it was refractionated 
at the temperature of liquid air, according to the following plan: 


4 

ae 8 
= | 

ie T9794 
~~ | 

3— 10 


Fractions 1 and 3 were refractionated separately, fractions 4 and 
7 being rejected as containing either argon or xenon; 2, 5, and 6 
were mixed and refractionated, 8 and 10 being rejected, whilst 
fraction 9, which contained most of the gas, was considered as being 
practically pure krypton. 

This gas was then fractionated at — 130°, a bath of light petroleum 
mixed with liquid air being used. Ten fractions were thus obtained. 
As the gas was more likely to be contaminated with traces of argon 
than with traces of xenon, fractions 8 and 9 were selected for density 
determinations. As the volume of No. 8 was not quite large enough, 
asmall portion of No. 7 was added. The gas samples were sparked 
with oxygen over sodium hydroxide solution, and the excess of oxygen 
was removed by phosphorus. 

During the early stages of the separation of the mixed rare gases, 
itwas found that they were not only contaminated with oxygen and 
nitrogen, but also with traces of hydrocarbon vapour, derived from 
the pentane used in lubricating the compressors of the liquid-air plant. 
The mixed gases had therefore been passed twice heated over copper 
oxide, but on sparking the samples of krypton obtained as described 
above, it was found that some of the hydrocarbon vapour had escaped 
oxidation by the copper oxide. ‘This, however, did not vitiate the 
value of the fractionation from argon and xenon. The last trace of 
the hydrocarbon was, of course, removed by the sparking. Two deter- 
minations were therefore made on fraction 8, with the following 
results : 


Fraction 8. 


Volume of density bulb (in c.c.) ......... 32°7077 32°7077 
io. di behakinedien nes 0° 0° 
Pressure on gas, corrected (in mm.)......  474°0 478°3 
Weight (in grams) ........... cesar les 0°07566 0°07633 
SS NE tt di ic sd causa as 41°509 41°500 
7F2 
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As the gas was taken through the pump after the first determing. 
tion there was a possibility of its being contaminated with a yay 
small trace of air. This would make the second result low, anj 
41509 may be accepted, therefore, as being the more correct figure, 

A determination on fraction 9 gave a low result, probably due to 
insufficient sparking. At this stage of the work, the author was 
unfortunately forced to Jeave England, and Sir William Ramsay and 
Mr. A. T. Cameron very kindly offered to make another density 
determination with this fraction of the gas. After prolonged 
sparking and removal of oxygen, the density obtained was 39-53, 
It was difficult to understand why fraction 9 should have a lowe 
density than fraction 8. They therefore thoroughly sparked fractions 
5 and 6, and mixed the resulting gas with No. 9. The whole wa 
then fractionated once at liquid air temperature, all that could be The 
readily pumped off constituting fraction 1. The remainder of the density 
gas was taken off in two fractions (2 and 3), the middle fraction J 41509 
being much the larger. A determination on this gave the following J are mo 


result : and 13 
Volume of density bulb (in ¢.c.) ........... 32°7077 place i 
IID sidinntactannsnssontaineeatbnnnsntsns ; 0° 
Pressure on gas, corrected (in mm.)... .. .. 765°9 Ide 
Wete (0 GMD nec ccnsce nes scsctecacinccensee 0°11833 ao 
NIE Wades sitenistacadetenvcisaabminatans eeupanieh 41°18 the in 


tuted < 

They then decided to make one last and extremely thorough attempt J his ma 
to obtain a fraction with a density as high as 41:5. The spark 
spectrum led them to suspect argon io the first and middle fractions, 
whilst No. 3 seemed to show traces of xenon. The gas was there 
fore refractionated according to the following scheme. In each case 
the middle fraction was 19/20ths or more of the whole : 
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Each time the first fraction was withdrawn through the pump. 
The second was allowed to run into a mercury reservoir under slightly 
reduced pressure, whilst the gas which was left in the fractionating 
bulb after equilibrium was established constituted fraction 3. The 
inal krypton fraction had not therefore been passed through the 
pump at any stage of the fractionation, which practically eliminated 
contamination with air. 

The results obtained were as follows : 


Volume of density bulb (in c.e.) ............ 32°7077 
Fc oo a nd EES, BESS ey peer tee 0 
Pressure on gas, corrected (in mm.) ......... 772°5 
Weight (in grams) ... ........ iceabaeees <cacee tie 0°12329 
CE IO occa. cs 0. sev eccscccsevesens 41°504 


They considered this figure correct to one part in 2,000. The 
density of krypton may be therefore taken as the mean of 41°504 and 
41509, namely, 41°506. On the assumption that krypton and xenon 
are monatomic gases, their atomic weights would therefore be 83:012 
and 130°70 respectively. These new figures do not throw them out of 
place in the periodic table. 


I desire to thank Sir William Ramsay and Mr. A. T. Cameron for 
the independent work which they so kindly did, and which consti- 
tuted a rigorous confirmation of my own result ; also the former for 
his many helpful suggestions. 


University CoLLEGE, 
LONDON. 


CUXXL.—An Kxamination of the Conception of Hydro- 
yen Tons in Catalysis, Salt Formation, and Electro- 
lytic Conduction. 

By ARTHUR LAPWORTH. 


Part J. 


Wirn EK. Fitagerald the present author has shown that the addition 
of water to a liquid, such as alcohol, containing an acid leads to a 
reduction in the number of hydrogen ions * present, and has found that 
the retardation of esterification and ester hydrolysis by water cannot 
be explained by hydration of the intermediate products in the esterifi- 


* The term ‘‘ hydrogen ion” refers throughout to the non-hydrated ion, or, in 
other words, to that supposed to be responsible for hydrion catalysis. 
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cation process. The Arrhenius view of the way in which water hydr. 
lyses the salts of weak bases was also found to be inadequate to the 
case. 

To obtain quite convincing evidence from esterification experiments 
as to the non-validity of the latter assumption would be extremely 
difficult, owing to complication arising from the large number of 
substances present. Experimental attack on a different line was 
necessary, and it was therefore sought to determine, first, whether 
hydrion catalyses, other than those already known, were affected 
by water in a similar manner ; secondly, if so, whether it would lk 
possible to obtain for examination a case in which the amount of 
water compared with that of the substance catalytically change 
might be made very small. 


The Transformation of Hydrazobenzene into Benzidine in Alcoholic 
Solution. 


This well-known change, which is brought about by acids, was 
especially interesting, because here the substance changed is not 1 
carbonyl compound. 

A solution of this substance in absolute alcohol was divided into 
quantities of 10 c.c. in test-tubes containing respectively 9, 0-2, and 
04 c.c. of water. To each was then added 5 c.c. of absolute alcohol 
to which a little sulphuric acid had been added. Benzidize sulphate 
began to appear in the first tube in about five seconds, in the next 
in forty seconds, ard in the last in eighty seconds. This observation 
was frequently repeated under similar conditions, with results of the 
same nature, showing that the effect of water on the catalysis of 
hydrazobenzene in absolute alcohol is of the same order as its effect 
on catalysed esterification ; the speed of change over a wide range 
is about inversely as the amount of water present. Fairly concordant 
results are obtained if a standard tube is used to ensure a definite 
degree of opalescence at the point timed. 


The Bromination of Ketones. 


The bromination of carbonyl compounds has already been shown to 
be catalytically accelerated by mineral acids, and in the case 0 
acetone the speed of the disappearance of the bromine is a measure of 
a change in the ketone itself (Trans., 1904, 85, 31, et seq.). 

Solutions of a number of ketones, including acetone, menthone, and 
acetophenone in alcohol, were acted on by bromine in alcoholic solt- 
tion with hydrogen chloride as catalyst. In all cases the speed with 
which a given quantity of bromine disappeared was nearly inversely 
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proportional to the concentration of water present when the quantity 
of water was more than one per cent. of the total weight. 

The following widely different cases of hydrogen ion catalyses in 
alcohol had thus been shown to be affected by water in a similar 
manner, namely, the decomposition of diazoacetic ester (Bredig and 
Fraenkel, Ber., 1906, 39, 1756, et seg.), esterification of carboxylic 
acids (Goldschmidt), the change of hydrazobenzene into benzidine, 
and the bromination of ketones. This suggested that a common 
explanation of them all is to be looked for, but hydration of the sub- 
stance undergoing catalysis still remained a possible, although a 
somewhat remote, one. 

The bromination of acetone appeared to offer a means of deciding 
this point, for here an enormous excess of the catalysed compound as 
compared with the water could be employed. It has been shown 
that the speed of disappearance of the bromine is a measure of the 
speed of a change in the acetone (compare Trans., 1904, 85, 31). 


Influence of Small Quantities of Water on the Velocity of Bromination 
of Acetone without Solvent. 


A quantity of anhydrous acetone (A) was mixed with a little dry 
bromine, and another quantity (2) with a few drops of sulphuric acid. 
After placing these in a thermostat at 25° for some time, portions of 
25 c.c. of A were then measured into 50 c.c. flasks containing varying 
quantities of water, also kept immersed in the thermostat, and subse- 
quently 25c.c. of B were added,and the time elapsing between its addition 
and the complete disappearance of the bromine was taken. The 
following results were obtained ; the numbers given under in the third 
line are obtained by assuming the water value 0°10 for 50 c.c. of 
acetone, a number calculable from the first and last observation. 

The experimental error in the time observation amounts perhaps to 
about 10 seconds : 


Weer = 6 0'1 0°25 O°5 0°75 1°00 grams 
Time = 45 85 155 265 400 510 secs. 
Cale. = — 93 164 278 394 — 


A number of other experiments with this and other specimens of 
acetone gave similar results, but different specimens differed slightly 
in their water values, as was to be expected, since traces of moisture 
so greatly influence the speed. Experiments on a smaller scale with 
acetone, which had been prepared from the bisulphite compound and 
purified with every care, gave results of the same order. 
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Catalysis in Other Solvents and Possille Impurities in the Water. 


ae, Phenomena very similar to those observed in alcohol or acetone 

4 are noticed in other oxygenated organic media, and marked 
retardation! by water of acid catalysis occurs to a greater or legs 
extent in ether, ethyl acetate, and other common liquids which dissolye 
water., The different extent to which these respond is dealt with 
elsewhere. 

The suspicion that the effects noticed are due to impurities in the 
water may be dismissed at once ; these effects are so considerable that 
in order that they might be caused by, say, an alkali, it would be 
necessary to suppose the water to contain impossible quantities of this, 


“« Mathematical Treatment of the Question. 


Probably the main difliculty in obtaining acceptance of the view, 
that the influence of water on catalysis by acids is accounted for by 
a reduction in the number of hydrogen ions, or, in other words, by a 
diminution of the available acid, lies in the initial difficulty in demon- 
strating that the conception is in accordance with the generalisations of 
Ostwald and his school, and in showing that it can be applied to tie 
facts as readily as the original conception of Arrhenius, which, in its 
first form, is not consistent with the phenomena of acid catalysis, 
For this reason, and for the further consideration of various 
aspects of the question, it will be necessary to develop, on strict 
lines, and first assuming the presence of hydrogen ions as the active 
catalysts, an expression for the state of a monobasic acid, HR, 
in a mixture of basic liquids. Representing the amounts of each 
liquid py the symbols W, W’, etc. respectively, those of their complexes 
with hydrions as /, J’, etc., and the corresponding undissociated 
compounds as S, S’, S”, ete., the following expressions represent the 
state of equilibrium. No allowance in the general expressions need 
be made for a possible union between the bases, as this would simply 
result in the introduction of more constituents of the series V, 
with corresponding additions to the series S and J. The symbols 
S: S’, ete. include the acid united with the solvents whether ionisable 
or not, and & represents the total anions of the acid whether united 
to the liquids W, W’, etc., or not. V is the volume occupied by the 
system, and A is the original amount of acid. All quantities are 
expressed in gram-equivalents. Naturally, X, X,, etc. may be expected 
to vary with an alteration in the proportions of the solvent constituents, 
but will otherwise be constant. 
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H.R 
HR= 
(1) '” KV 
, ” 
(2) Paes (2) rn Oe ete. 
K,.V R’,.1 
— ° I’.R 
3 5 = 3 = ; atc. 
(3) KV’ ( ) 1 Am ec 
also 


(4) H+ HR+ 31+ 3S=A (where 3J/=/+/' +ete.), 
(5) HR+R+3S=A (where SS= 5+’ + ete.). 
Whence may be derived : 

(6) from (4) and (5), 3/+ HW=2. 

(7) from (2) and (2’), 


2 | rr 
f= 2, Hence S/= /—23_., 
ee WK, 
where 
W HW W’ 
2 = ma te. 
E K, RK’. + tC. ; 
(8) from (3), 
; W.K,.R , K lV 
‘= I 2 ° Hence SN= Ta, 2S ’ 
K’, WR - W"V.K.K, 
or, putting “ =active mass, JV, ete, 
from (2), 
as-27 3 * | 
Mie 2 3 
where 
oe are 
25, <2, ” 
(9) but from (6), (7), and (2), 
H.W| Kw W 
R= -- Lp H. 
raat WK,\* 
ye 
ota +1 ; 
L A, 
(10) By combining (5), (1), and (8), 
H He 4 
l > = A, ; 
Bvt) +y*Kx, | : 
(11) and. introducing (9), \ 
4 Vv AV " 
 . : + HV= 4 
lt Fak. a s. : 
: AK, 
and for 1 gram equivalent of acid, P 
' 
1 WU , 
o> HV = 
. | -**ex.i* 3 +1. 
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Concentration of Hydrogen Ions at Infinite Dilution. 


At infinite dilution the term not containing V must be neglected, 
(12) and 
A 
+ 7a 
a 
A 


or at infinite dilution the hydrogen ions in solutions containing A gran. 


1 


equivalents of all acids have the same concentration, 3 being in. 
dependent of the acid and depending only on the nature of the solvent, 

This is in accordance with the well-known generalisation that the 
molecular activity of all acids as measured by their effect in inverting 
sucrose and hydrolysing esters tends towards a maximum value which 
is the same for all ucids.* 


Relation between Molecular Conductivity and the Number of 
Hydrogen Tons. 


The conductivity is given by the sum of the number of the ions of 
each kind x its mobility: 


=Syl+p,H+vR 


|< aa 
="q_yte KV + ete. ++ oll Se +1 | 
—a M 
é =H - >= : 
(13) [ut am trey z 


that is to say, the molecular conductivity is proportional to the 
number of hydrogen ions multiplied by a constant which depends 
only on the nature of the solvent. In other words, the relationship 
between the so-called degree of dissociation of an acid (as measured by 
its conductivity) and the hydrogen ions is independent of the nature of 
the acid. 

This is in agreement with the generalisations of Ostwald and 
Arrhenius, who have shown that the power of an acid to hydrolyse 
methy! acetate, or to invert sucrose, is the same for all acids at the 
same degree of dissociation as measured by electrical methods.* 


* The generalisations, as thus stated, are not strict, but the point insisted on 1s 
that the expressions evolved as above, are in agreement with the experimental 
facts to precisely the same extent as are those derived by the application of the 
original ionisation theory of acids. 
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Variation of “ Degree of Dissociation” with Volume of Solution. 


The degree of dissociation, x, of an acid as at present measured 
, conductivity at volume V , 
represents the ratio = ——___ y een, Wee, Gee he 
conductivity at infinite volume 
H at vol. V 


last paragraph = sasitonsie —_ 
eee H at intinite dilution 


l 
But from (9) above, H=R u 
2, +1 
kK, 
_M 
pte 
i “oe. 
ce 2g e aan a 
1en i — Re Ray . 


SE, 
But Ry, =H | iy +1 = A (from 11 above), 
L Ae 


so that =F or R= Ax (=2, when A =1). 


‘eplacing H in the equation (10) by a and A by J, 
as a | 


E, 
[tas], ar 
jaeeip AAs ge el sel 
2 K, A, 
M l it 1 
14 a) 2K, . V as — V. 
Per rte, ” halle: uw”? 


E+*xe, 4£,**2rz, 
that is to say, the foregoing view leads to precisely the same 
expression as is applied at the present time to the “ dissociation ” 
of weak acids as measured by their electrical conductivity, namely, 
x? + axkv =kv, 
where & is the “ dissociation constant.”’ 


ut 
(15) This gives the dissociation constant of the acid : ag 
+ ae 
M Lf 
y a 
2K.+ l “ 
k= . ’ ey 
l - M é 2 
Zz, “a ea 
or, in aqueous solution, u 
M , 
K,* 


=~ 
Il 
. 

ol pale. ote 
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where J/ is the active mass of liquid water, and A is the ionic 
dissociation constant of the hydroxonium salt. 
It is clear from the preceding formula for & that the more 


2» ‘ - 
strong basic solvents (where x large) will tend to minimise the 


inherent differences in potency between strong acids, so that it may he 
anticipated that mineral acids which have nearly equal constants in 
water will show very considerable divergencies in less basic solvents, 
such as ether or alcohol. 

In order to demonstrate in a simple manner that this must be the 
case, for the moment let the simplifying assumption be made that the 
dissociation constant of the hydroxonium salts of strong acids is the 
same, = KX. 

The above may be written 

,—_ KK (M+ K,) 
K,K+MK, 

In the case of bases of the strength of water, the hydrogen ions 
have been shown to be very few, that is, X, is very small, and may be 
neglected in comparison with M. 


_ KKM 
- ” KK + MK, 
: KK,r k 
- 1 oy ral 
KK. 


M is constant, and the intrinsic acidic affinity or potency of the 


acid, A,, is therefore proportional to Kok 


Taking two fairly strong acids, A and 4, with dissociation 


constants in water nearly equal to that of salts, say, 0°95X and 09K, 
their relative intrinsic acidity is given by zag ond pind 19 and 9 
respectively. That is, whilst their true affinities are in the ratio 2:1], 
their affinities in water appear to be only in the ratio 1°05. 

In respect to this point, Goldschmidt and Sunde have shown (Ber., 
1906, 39, 719) that, although picric acid appears nearly as powerful 
as hydrochloric acid in aqueous solution, yet in alcoholic solu- 
tion it has only about one-tenth of the catalytic activity of the 
latter. Similarly, picric acid and trichloroacetic acid differ far more 
in alcohol than in water, and similarly with di- and tri-chloroacetic 
acids, 
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Hydrolysis of Salts in Alcoholic and Similar Media by Water. 
Water Value of Solvents. 


The effects of adding a small quantity of a relatively strong base 
toa solution of an acid in a weak base may readily be deduced from 
the general equation, providing certain conditions are known, as is 
perhaps the case where water is added to a dilute solution of hydrogen 
chloride in absolute alcohol. 

It is known that in absolute alcohol the acid at W/10 dilution 
exhibits already about 0°4 of its maximum conductivity, and this 
fraction increases with addition of water to a comparatively small 
extent, so that for very small additions of water it may at a first 
approximation be assumed nearly constant. This fraction represents, 
according to the present conception, the proportion present as anions, 
so that 


saat a * e 
: “ K,| 1+° + M, 
Le te al a 


where M and KA, refer to water, and J/’ and X’, to alcohol. Also 
R=x= measured degree of dissociation, and assuming that the velocity 
of esterification at any time is proportional to the active masses of the 
hydrogen ions, of the carboxylic acid, and the alcohol respectively, it 


, 


is given by the expression (neglecting 1 in comparison with k’ for the 
9 


first time) : . dus a u 
dt 2 Ky Via M 
Kk’ . 
where p is a new constant dependent on the nature of the carboxylic 
acid, and uw is the active mass of this acid. 

This is in accordance with the observations of Goldschmidt and 
Udby (Zeitsch. physikal. Chem., 1907, 60, 735, et seq.) for the velocity 
of esterification of numerous acids by hydrogen chloride in alcohol 
and varying amounts of water, and their functions have the same 
significance.* 


* For comparison, the expression used by these authors may be given here: 


du karbre we ad . 
; ad r+n+2x 
the corresponding symbols being : 
(G.andS.) 4a, J, , C, @-2, N+2. 
kK’. ' kK, 
(L.) Pay M', x, Ax, wi 


The function ¢ (G. and S.) was shown to be probably proportional to the measured 
dissociation of the catalyst, kw to depend on the nature of the carboxylic acid and 
of the aleohol, r to be independent of the nature of the carboxylic acid and to 
depend on the nature of the alcohol only. 
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This function a M’, which has been termed the water value of the the san 
pure solvent, is identical with r in the expression used by these a 
authors, and is correctly interpreted by them as a hydrolytic con- and dk 
stant. Their further conclusion, namely, that the general applicability amount 


of the formula is proof of the view that the alcohol forms the reactive express 
complex ion, is, however, clearly incorrect, as the present mathematical 
investigation shows that the same expression is obtained whether the 


reactive ion is formed from the alcohol or the carboxylic acid. which 
The present author has found that this “ water value ” may be deter. esterific 
mined for a solvent by studying the effect of water on any of the depend 
catalytic changes which have been mentioned, and also on the basis of carboxy 
the tinctometric method, referred to later in this paper. Each method, Of t 


however, gives a slightly different number for the “ water value,” but relation 
this is perhaps inevitable, owing, in part, to the fact that the concentra- the hy« 
tion of catalyst is very different in different experiments, and also 
that it is at present not easy to determine the influence of the sub- 
stance undergoing catalytic change. The values are of the same 
order, however, in each case, and to illustrate what kind of preliminary 


An 
results have been obtained, the numbers for the “ water value” of y 


not din 
a , , P 
50 c.c. of a specimen of nearly absolute alcohol may be given : rr 
Type of Acetone Hydrazobenzene of cata 
catalysis or test. Esterification. bromination. conversion. Tiuctometric. 


Water value ......... 0°22 0°15 0°18 0°12 


Vuriation of the Velocity of Esterification in Alcohol with Alteration in which 1 
the Amount of Catalyst. which 
Goldschmidt and Udby (Zeitsch. physikal. Chem., 1907, 60, 735) and proport 


Kailan in numerous papers (Monatsh., 1906, 2'7, 543, 997 ; Annalen., und isso 
1907, 351, 186, etc.) draw attention to the fact that in alcohol con- part at 
taining water, the velocity of esterification at constant volume 
increases more rapidly than the concentration of the catalyst. The 


first-named authors consider that this may be explained if the A ti 
assumption be made that the alcohol forms the complex hydrions to of reac 
which the reaction velocity is proportional. neutral 

In order to ascertain whether this conclusion is a valid one, let one themse 
of the complex hydrions in a mixture containing hydrogen chloride be by cor 
selected, say J”. undiss¢ 


-_ ad F th 
ay 4 , and at constant volume it is obvious that an at wl 
K’,.V very W 


increased amount of hydrogen chloride could never increase the amount 
of any of the free bases. XA”, and V are constant, so that /” can only ., 
increase more rapidly than the concentration of hydrogen chloride if ls near 


We have 7” = 
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. , , . CH we 
the same is true of the hydrogen ions. That is, must be positive 


dA? 


and negative. Differentiating the expression connecting the 


dA 
dH? 
amount of hydrogen chloride with the hydrogen ions, we obtain the 
expression : 

d?A 2 M 
eh ee 
dH? al . 


1 M ~ 

K, K, “i Six, | 
which is always positive, so that the disproportionate increase in the 
esterification velocity cannot be due to any reaction which is simply 
dependent on the mass of a complex hydrion formed from the alcohol or 
carboxylic acid, 

Of the other individual substances which might be concerned, the 
relation between the undissociated compound, S”, the base, IW", and 
the hydrogen ions is : 


ew") s 


HW’. 
+ aa K" V 
Any velocity which is proportional to S” may (providing W” does 
not diminish too rapidly with increase in the amount of catalyst, that 
is, if W” is a very weak base) increase more rapidly than the amount 
of catalyst, for 


S'= 


d(H?)  (dH\* (PHY 
a en i( — 
d A* a ) ' (aa2) 
which is positive, providing V is less than (7 + > a ) a number 
/ . K Kk)’ 


1 
which must be very great. An increase in the velocity of reaction 


proportionately greater than the increase in catalyst may indicate that an 
undissociated compound of the catalyst with the changing substance is, in 
part at least, concerned directly in the formation of the final products. 


Neutral Salt Action. 


A similar reflection may apply to the acceleration by neutral salts 
of reactions in which powerful acids in dilute solution take part. The 
neutral salts must decrease the concentration of the hydrogen ions 
themselves, and also that of the complex ions of the changing substance, 
by converting them, on the one hand, into undissociated acid and 
undissociated compound. It follows from the relations above discussed 
that when “ 14” varies but slightly, which is the case if the base is 
very weak, 

SY HR M KV &K, yw" 
ie! &: hee SE 
is nearly constant, say q. , } 


ips boas 
me 24 F a | 
"Saas 


aay We 
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(18) Hence dS” =9.dHR. 

That is, (1) if S” is large compared with //R, in other words, i/ the 
acid is strong, the hydrogen ions and the complex base hydrions ox 
disappearing will form mainly undissociated compounds of the reacting 
bases ; on the other hand, (2) if the acid is weak, then the tons will form 
mainly undissociated acid. 

(1) May account, in part, for the well-known stimulating effect of 
neutral salts in catalysis by mineral acids, and the disappearance 
of the hydrogen ions is in accordance with observations, such as that 
of Walker and Wood (Trans., 1903, 33, 490), that the degree of 
hydrolysis of the salt of a strong acid with a weak base in aqueous 
solution, as measured by its hydrolytic power, appears to decrease on 
addition of a neutral salt of the strong acid. 

(2) Accounts for the depressant effect produced by addition of their 
neutral salts to solutions of weak acid. 


Preliminary Determinations by Tinctometric Processes of the Lelative 
Basic. Affinities of Common Solvents. 


Whilst the majority of modern attempts to explain the phenomena 
of catalysis by acids have been based on the attribution of a basic 
character to the reacting compounds, and, although esters have been 
found to retard esterification and to lower to a slight extent the 
conductivity of an acid solution (Acree), it is noteworthy that no simple 
tinctometric method, such as those applied in aqueous solutions to the 
determination of affinities of acids and bases, has been employed. 

Obviously, the experiments would have to be made in solvents with 
basic affinities of an order not greater than the substances experimented 
with, so that water, which is a much stronger base than alcohol, could 
not be used as a medium. It was evident, too, that the indicator 
required must be a weak base. 

The first experiments made were in absolute alcohol. It was found 
that in this medium a dilute solution of m-nitroaniline was suitable 
for high concentration of mineral acid, and that one of aminoazobenzene 
was better for small concentrations, V/100 or less. The red colour of 
the acidified aminoazobenzene solution was partly discharged on the 
addition of minute quantities of water, and with the quantity of acid 
required to restore the colour to the original amount, was nearly 
proportional to the amount of water present if the alcohol itself was 
assigned a small water value (50 c.c. of alcohol was equivalent to 
0°12 c.c, of water), so that hydrolysis of aminoazobenzene hydrochloride 
in alcohol much resembled esterification in alcohol, which serves 
experimentally to connect the two phenomena by experiment. 

The results in ether, ethyl] acetate, ethyl formate, and methy] alcohol 


CC 


were of 
differen 

Apar 
chloride 
these li 
characti 
relative 

The ¢ 
an inde 
of a nu 
follows 

The » 
aleohol 
about 1 
added 1 
alcoholi 
was int 

Unde 
under ( 
D per c 
afinitie 
at cons 
portion: 
acetate 


others « 


* It is 
asa spec 
has a wa 
metrical] 
among 1 


CONCEPTION OF HYDROGEN IONS IN CATALYSIS, ETC. 2199 


were of the same character, except that these, in accordance with their 
diferent basic affinities, as seen below, had different water values. 

Apart from the fact that benzene, light petroleum, and carbon tetra- 
chloride do not dissolve water and are generally less useful as solvents, 
these liquids, as might be expected from their more nearly neutral 
character, appear more suitable’solvents for determination of the 
relative affinities of very weak bases. 

The author is much indebted to Mr. R. W. L. Clarke for conducting 
an independent series of measurements of the relative basic affinities 
of a number of common bases in several solvents. He reports as 
follows : 

The results under the head A were carried out in 99°65 per cent. 
alcohol with hydrogen chloride about 0°025N (with aminoazobenzene 
about 1 in 500,000 of solvent). Known quantities of the bases were 
added to the same amount of solution, and then the quantity of acid 
alcoholic hydrogen chloride required to impart the same tint to each 
was introduced. 

Under & are given results in benzene with trichloroacetic acid, and 
udder C with carbon tetrachloride and trichloroacetic acid, used in 


jd per cent. solution as a maximum concentration. The relative basic, 


alinities were assumed to be proportional to the amount of acid used 
at constant total volume. The numbers refer to equimolecular pro- 
portions, and the basie affinity of water is taken as 1, but that of ethyl 
xetate is kept constant to link the three series together. 


Base. A, B. C. 
aT is cc sisscss seecai 17°5 — —_ 
oe eee eee eee 1°0 - — 
Nerds srotiestaaa oekormes -— 0°13 0°12 
Ethyl alcohol ........... ... _- 0°06 0°06 
DOIN os iin tbig lc adintiiinien — 0-055 0°045 
UNF! MOCTREO ios ecssc seins 0°05 0°05 0°05 

*Methyl alcohol............... 0°015 0°02 0°01 


The bases used were highly purified materials, and small quantities 
of impurities might conceivably have made an appreciable difference 
in the series A, but could not very greatly affect 2 and C, where the 
molecular proportion of trichloroacetic acid was considerable. 

Specimens of ether, some dried by distillation over sodium and 
others over phosphoric oxide, gave concordant results. 


* It is remarkable that, although methyl alcohol in these solvents appears to act 
a8 a specially weak base, yet in the liquid state (that is, when used as a solvent) it 
las a water value much greater than ethy! alcohol, whether this be estimated tincto- 
metrically or otherwise (compare Goldschmidt and Udby, Joc. cit., p. 755). This, 
among many other points, requires careful investigation. 
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Part I. 


An Explanation of the Properties of Acids not Necessarily Involving 
the Conception of Hydrogen Ions. 


Proceeding from the usual standpoint that the catalytic activity 
and the salt-forming powers of acids are dependent on the hydrogen 
ions, it has been shown in the preceding pages that the principal 
properties of acid in aqueous and similar solutions may be fully 
explained, no matter what may be the actual concentration of the 
hydrogen ions in any given case. From a mathematical point of view, 
this must also be true if their concentration is always =0, and would 
lead to the conclusion that the properties of acids when dissolved in 
solvents containing bases may merely depend on (1) the extent to 
which they combine with the bases present, (2) the manner in which 
they are partitioned between the bases, and (3) the degree to which 
the resulting salts are dissociated. 

The condition that the hydrogen ions are absent in the equation 


discussed is that A,=0, or unreal; it follows that 5. Ls ete, 
x, &, 
‘are unreal, but that the products a a etc. are real. Call these 
2 2 


$, ¢, etc. ; they represent the mutual propensities * of the bases for the 


acid. X,, Re ete., are here unreal, because they are not exhibited 
2 
until the base and the acid are brought into contact. 


As there is no necessity for supposing that the hydrogen ions 
exist in any but infinitesimal concentration, it would appear more 
satisfactory to revise the prevailing views of the nature of acids and 
bases, employing a convention of the above character, as this admits 
of an advance from a practical point of view. At present the function 
of an acid which is regarded as the measure of its affinity is its 
dissociation constant in water; this, however, depends on two 
different real functions, namely, the affinity of the acid for the 
water and the dissociation of the hydroxonium salt. It should not be 
too difficult to separate these by experimental treatment. 

The new relations which arise by eliminating the incommensurable 
functions in the preceding formula, and which appear capable of 
practical application, may be tabulated here, and will be applicable 
whether the hydrogen ions are real or not. 

(19) suSie®, Pant, 
=Mo 
* The term ‘‘affinity” has been used in other senses, and the function it is here 


proposed to term ‘‘ propensity”’ refers to the tendency of the acid and the base to 
yield a compound which is a perfect electrolyte. 
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where x is the degree of dissociation of the acid as at present measured, 
3/ the sum of the positive base ions, /” represents the amourt of 
any one of these, and # the gram-equivalents of the negative ions 
whether united with solvent or not. 


(20) ~ Md 
re 


where & is the dissociation constant as generally understood, and X is 
the dissociation constant of the hydroxonium salts. 


SMd 3Md y 
a v, 
(21) « ls om Mb 
~ K = K 


where V is the volume in c.c. containing one gram-equivalent of the 


acid ° 
9 


x 
(22) HR=Wsifg" 
where 7f is the uncombined acid 
Mo 
2 
(22a) vw ti sg’ = a{M"p" 
VIMe ~ KVM » 


where S is the sum of the amounts of all the undissociated salts and 
compounds of the acid with the bases, and where S” is the amount of 
these, derived from any one base. 

In dealing with an aqueous solution, the sign & is, of course, omitted 
ifno other base than water is present. 

The functions # and & are already known for many important acids, 
It should be possible to determine the amounts of the free acids and 
the hydrated acids in their aqueous solutions at known concentration. 
There will then be an experimental basis for the determination of 
the relative potencies, apart from the basic power of the solvent. 
Probably, however, it will be much simpler to deal with the problem 
frst in non-ionising solvents, but in this case the undissociated or 
non-conducting compounds of acid and base will probably be of the 
most importance. 


Dissociation Constants of Acids. 


An interesting relation may be pointed out for the case of acids, 
Here in aqueous solution : 


KMo K 
23 k= ow Méauk_~., 
(28) tan?" z- 
vhere X is the dissociation constant of the hydroxonium salt. If, as 
appears probable, these salts are largely dissociated in the same way 
7G 2 


eee ee 
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as ammonium salts, then k may be neglected in the denominator in 
the last equation if the acid is very weak ; and 

(24) Mo=k, 
that is, for a weak acid, if its molecule is not hydrated in aqueous 
solution, its dissociation constant is identical with its propensity for 
liquid water. 


Application to the Case of the Hydrolysis of the Salt of a Weak Base. 


As measured by the catalytic activity of the solution of the hydro- 
chloride of a base, say carbamide, the connexion may be arrived at as 
follows : 

The water may be represented as W, the base, W’, and the hydrolyte, 
Ww”. The velocity of hydrolysis of W” is mainly dependent on its 
capacity to form the ions 7”, This is given by J” = nll that. is, 
=Ud 
proportional to si (or when the substance catalysed is a very weak 
base and does not appreciably affect the state of the solutions) or 

R 
Mo+M'¢ 
and ¢ to the base JV”. 

R in the case of dilute hydrochloric acid is nearly constant 
whether a base like carbamide is present or not. 

Let 1 gram-molecule of the hydrochloride be placed in water, the 
apparent degree of dissociation, XY, into base and free acid is: 


I" where carbamide is present _ R WU Me 


I’ where carbamide is absent Mg¢+M'¢'° R ms Mo+M oe 


As M'= total amount of free nf > and as M for dilute aqueous 


proportional to =where M and ¢ refer to water, and J/’ 


~ volume 
a Fee 
solution remains nearly constant, X= yr °rpet MX = Md 
Ud 


? 


(25) hence X?+ rX=2EY, or X?4kVX=kV. 


This is identical with the formula of Arrhenius (Zeitsch. physikal. Chem., 
1890, 5, 16), and was found by Walker and Wood (Trans., 1903, 33, 
489) to apply to the case of carbamide hydrochloride, the dissociation 


Me 


constant k being =—— in the new measures. 


Walker and Wood find &=0°781 at 25° when the volume is 
expressed in litres. Putting J/, the active mass of liquid water, 4 
1000 ¢ j 1000 
——, — becomes 


18 ¢ isx0-78] = 211. That is, for hydrochloric acid, the 
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propensity of dissolved carbamide is 71:1 times the propensity of liquid 
water. 


Comparing this with the value % in alcoholic solution, it appears 


that liquid water has only one-fourth the basic affinity of water 
dissolved in alcohol. 

The relations given in Part II of this paper will be true in practice 
whether the reality or otherwise of free hydrogen ions is assumed. 

In conclusion, it must again be pointed out that the conceptions 
introduced in this and the preceding paper (this vol., p. 2163) have, 
for the most part, been used before. In particular, the view that acids, 
unlike certain metallic hydroxides and salts, are not of themselves 
electrolytes, is suggested in Lothar Meyer’s ‘‘ Modern Theories of 
Chemistry’ (Bedson and Walker's translation, 1888 edition, p. 535), 
and attributed to Thomsen (1874). Lowry has recently drawn atten- 
tion to the great importance of the point. 

The only suggestion regarded as in any sense a novel one, is that 
water, when added to acids in less basic solvents, reduces the con- 
centration of the hydrogen ions, or, on a less hypothetical basis, 
diminishes the availability of the acid for salt formation. Even this 
appears to be in a measure anticipated by Armstrong’s proposition 
that substances which act as dehydrants will have a “ concentrating” 
effect on others which are hydrated in aqueous solution. 


The author desires to express his indebtedness to the Government 
Grant Committee of the Royal Society for a grant, which defrayed 
much of the cost of the experiments. 


OCXXII.—The Oxidation of Phosphorous Acid by Iodine. 
By Bertram |)iLLON STEELE. 


Iv a former paper (Trans., 1907, 91, 1642), it has been shown that 
the velocity of the reaction between iodine and hypophosphorous acid 
in acid solution is independent of the concentration of the former, 
and proportional to that of the latter, reagent, and that the reaction 
is catalytically accelerated by hydrogen ions, no appreciable action 
occurring in their absence. 

In the same communication, it was pointed out that the oxidation of 
phosphorous acid by iodine appeared to be retarded by hydrogen ions, 
aud that this remarkable difference in behaviour had been utilised by 
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Rupp and Finck (Arch. Pharm., 1902, 240, 663) in developing a 
method for the estimation of phosphorous and hypophosphorous acids 
either alone or when mixed. 

The present communication describes the results that have been 
obtained during the attempt to elucidate the mechanism of the 
reaction between iodine and phosphorous acid under different 
conditions. 

Federlin (Zeitsch. physikal. Chem., 1902, 41, 565), while in- 
vestigating the reaction between iodine, phosphorous acid, and 
potassium persulphate, carried out a few experiments in which he 
measured the rate of reduction of iodine by a large excess of 
phosphorous acid, and he concluded that this was a bimolecular 
reaction. 

His experiments may, indeed, be interpreted as showing that the 
reaction is approximately unimolecular with respect to the iodine, but 
they give no information as to the number of reacting molecules of 
phosphorous acid. These experiments were subsidiary, and were 
carried out by Federlin only to enable him to interpret the results of 
his other experiments. He does not appear to have noticed the 
extraordinary effect of reducing the acid concentration. 

Iodine and phosphorous acid appear to be capable of undergoing 
two distinct reactions, of which one predominates in acid solution, 
and the other in the absence of any appreciable concentration of 
hydrogen ions. 

The mechanism of the former of these reactions has been worked 
out with tolerable certainty, and the conclusions which have been 
arrived at are described in the sequel, but it has not been found 
possible to suggest a hypothesis which is competent to explain the 
mechanism of the second reaction. 

The phosphorous acid for the experiments was prepared by the 
action of distilled water on phosphorus trichloride which. had been 
previously purified by fractional distillation. The resulting solution 
containing a mixture of phosphorous and hydrochloric acids was then 
evaporated in a vacuum, diluted with water, and again evaporated, 
this process being repeated until the solution was quite free from 
hydrochloric acid. It was finally diluted so as to obtain a solution 
containing half a gram-molecule per litre. 

The reaction was carried out in a thermostat at 35°, at which 
temperature the iodine completely disappeared in from two to eight 
hours according to the concentration of the mixture. The reagents 
were immersed separately in the thermostat, and mixed after they 
had attained the temperature of the bath. Samples of the mixture 
were then withdrawn from time to time, and the residual iodine was 
titrated with a fiftieth molar solution of sodium thiosulphate. 


Ve 
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On account of the practical impossibility of estimating the con- 
centration of the phosphorous ions during the experiments, the phos- 
phorous acid was always present in considerable excess. In these 
circumstances, the degree of ionisation of the acid remained practically 
constant throughout each experiment, and the concentration of the 
reacting substance, whether ion or molecule, might without appreciable 
error be taken as proportional to the total concentration. 

The Influence of the Iodine Concentration.— In order to determine the 
influence of the iodine concentration, a number of experiments was 
carried out, in which a constant concentration of phosphorous acid was 
allowed to react with varying concentration of iodine, the acid being 
always in excess. 

In the equation : 


a, =k (A - x) Bx)”, 


in which A represents the initial concentration of the phosphorous 
acid and B that of the iodine, it was anticipated that Federlin’s con- 
clusion that m=1 would be confirmed ; ‘it was found instead that 
n=0°5. On the assumption that (A —) is constant and that n=1, 
integration of the foregoing equation gives the usual equation for a 
unimolecular reaction : 


KA-2)™®=K=-log—. . . . . (1); 
(A - 2) 8s (1); 
if, however, » =0°5, we get the equation : 
SE = iA - 2)™(B— 2) 
and on integration : 
2 ; 
k(A — 2)" = K= =( JB- JB-2) .. ~~ (2). 


Table I shows a typical example of the manner in which the experi- 
mental results are described by equations (1) and (2) respectively. 


TABLE I. 
£ B-z. K for (n=1). K for (n=0°5), 
0 0°0190 -— — 

67 0-0154 0°00314 0°00206 
113 0°0132 0°00324 0°00203 
177 0°0104 0°00340 0°00203 
232 0°0083 0°00356 0°00201 
266 0°0075 0700350 000193 


t=time in minutes at which titration was made. (/-«x)=iodine 
concentration in milligram-mols. per c.c. at the time ¢, The values of 
the constants ‘calculated from equations (1) and (2) are given in the 
third and fourth columns. 
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Experiments 2 to 18, which are given later and which take into 
account the variation, not only of the iodine, but also of the phosphorous 
acid concentration, confirm the assumption that the velocity of the 
reaction is proportional to the square root of the iodine concentration, 


The Influence of Phosphorous Acid Concentration. 


The evaluation of the number of reacting molecules of phosphorous 
acid is complicated by the fact that the reaction is catalytically 
accelerated by the presence of hydrogen ions, which are not only 
produced from the phosphorous acid, but are also increased in quantity 
during the reaction. The reaction, in all probability, undergoes 
autocatalytic acceleration in the same manner as was found to be the 
case in the oxidation of hypophosphorous acid by iodine, but partly on 
account of the extreme slowness of the reaction when small concentra- 
tions of phosphorous acid were used ; no experiments have been carried 
out in which the extra quantity of hydrogen ions produced would 
exert any appreciable effect on the velocity. 

The influence of the phosphorous acid was investigated by varying 
its concentration in different experiments, These experiments showed 
that the reaction is unimolecular with respect to the phosphorous acid, 
so that the complete equation for the velocity is as follows : 


d 


yp 7HA-2\(B- 2) +kO(A-2)(B-2)t 2... (3) 


This equation involves the following hypotheses: The velocity is 
proportional to the concentration of the phosphorous acid and to the 
square root of the iodine concentration ; it is catalytically accelerated 
by hydrogen ions, the concentration of which is represented by C. 

The velocity coefficient, k, of the nowicatalysed reaction may usually 
be put equal to zero, since in most cases it is extremely small compared 
with k’, the coefficient of the catalysed reaction. 

In the present case, this cannot be done, as k and k’ are comparable 
in magnitude. 

The hydrogen ion concentration, C, is made up of the sum of H’ 
produced by the phosphorous, phosphoric, hydriodic, and added acids, 
and cannot be evaluated with any approach to exactness. ‘This is due 
in the first place to the uncertainty which attaches to the ionisation 
coeflicient of « polybasic acid, and, secondly, to the unknown influence 
of each acid on the dissociation of the others. Strictly speaking, 
C=[(a(A-x)+a'e+a"e+a'"2z], where A-—a, 2, 2a, and c are the 
concentrations of the phosphorous, phosphoric, hydriodic, and added 
acids respectively, and a, a’, a’, anda” are the corresponding ionisa- 
tion coefficients of each acid in the presence of all the others. 
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On account of the impossibility of accurately evaluating these 
coefficients, the following simplification has been made : 

a,a, anda” are of the same order of magnitude, a” being greater 
than a, and a greater than a’. 

In the absence of added acid, the expression for the hydrogen ion 
concentration becomes ad +(a’+2a’’—a)«, which, on account of the 
small magnitude of « compared with A, may without sensible error be 
pat equal to ad. 

That no appreciable error has been introduced by this assumption 
will be evident from a consideration of experiments 1 to 9. 

The accurate evaluation of the hydrogen ion concentration is 
rendered impossible in the case of the experiments where sulphuric 
acid has been added by our ignorance of the mutual influence of 
strong acids on the ionisation coefficients. 

Notwithstanding this, the effect of increasing the hydrogen ion 
concentration will be clearly seen by reference to the results of 
experiments 10 to 15. 

If equation (3) is written in the form 

dx 
dt 
we obtain on integration the equation : 

(k+k'C) = ; (tan i B — tan! (3-8) ic (4) 

t /A- A-B V A-B 
and the constant obtained by the use of this equation is given in the 
last column of the following table: 


=(k+kC)(A-«x) /B-a, 


TaBeE II. 
Duration k+k’C. 
No. of of expt., cr “ = 
expt. A. B. C. in minutes. Lowest. Highest. Mean. 
1 0°2 0°0093 0°0866 401 0°00193 0°00225 0°00212 
2 0-2 0019 0°0866 266 0°00200 0°00208 0°00205 
3 «602 0°0285 0°0866 340 0°00181 0°00191 0°00186 
{ 0-2 0°0382 0°0866 402 0°00152 0°00173 0°00169 
0°3 0°00976 0°12 167 0°00249 0°00275 0°00268 
6 0°3 0°01936 0°12 240 0°00242 0°00254 0°00250 
i 03 0°0286 0°12 246 0:00221 0°00240 0°00230 
5 0°4 0°0096 0°148 111 0°00263 0°00304 0°00287 
9 0°4 0°0192 0°148 196 0°00260 0°00294 0°00285 


The general correctness of the hypotheses contained in equation (3) 
is indicated by the very slight variation of the constant in any single 
experiment. Its insufficiency is shown in table III by the variation 
of k+#'C in experiments 1, 2, 3, and 4, all of which have the same 
4and C values, and similarly in experiments 5, 6, and 7 and 8 and 
%. In all these cases, but most markedly in those which have the 
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smallest A and C’ values, there is a decrease in k+kC with increasing 
iodine concentration. 

To ascertain in what direction it would be necessary to modify 
equation (3) in order that it may more accurately describe the 
experimental results, k and k’ must first be evaluated. This can easily 
be done, since we have in table IV nine equations giving values of 
k+kC, and C is known, at least approximately, for all of them. 


Taste III. 
. 

Expt. A. B. C. k+k’Cx10% kx10%) =k’ x 108. 
1 0°2 0°01 0°087 2°12 0°88 14°3 
2 0°2 0°02 0°087 2°05 0°90 13°2 
3 0°2 0°03 0°087 1°86 0-71 13°2 
+ 0°2 0°04 0°087 1°69 0°54 13°2 
5 0°3 0°01 0°12 2°68 0°92 14°8 
6 0°3 0°02 0°12 2°50 0°94 13°0 
7 0°3 0°03 0°12 2°30 0°72 13°2 
8 0°4 0°01 0°15 2°87 0°96 12°77 
9 0°4 0°02 0°15 2°85 0°94 12°7 

Taste [V. 
k& x 108 calculated from experiments. 

— Mean 
Expt. land5. land&. 5and8. 2and6. 2and9. 6and9. 3and7. kx 10°. 
1 16°5 12°2 _ — — -- ne 14°3 
5 16°5 -- 13°2 = — — _ 14°8 
8 -- 12°2 — — _ _- = 12°7 
2 — — a= 13°5 13°0 13°1 = 13°2 
6 — — — 13°5 — 12°5 — 13°0 
9 —_ — — — 13°0 12°5 — 12°77 
3 ne a -_ - we — 82 ws 
7 -— — — — -— 13°2 13°2 

CONGR AORN ois sca cessisses 13°4 


k and k' were calculated from different pairs of experiments, those 
experiments being selected which had the same value for the iodine 
concentration B. The values of k’ calculated in this manner from 
seven pairs of experiments are given in table IV. In only one 
caiculation, that from experiments 1 and 5, does the value differ to 
any extent from the general mean of 13°4x10-8. This exception 
appears to be due to an abnormal value for the constant from 
experiment 5. The values of & which are given in the sixth column 
of table III were obtained by deducting the numbers in column 7 
from those in column 5, This method of calculation throws 
practically all the variation in k+%'C on k, the non-catalytic constant, 
and this conclusion is confirmed by evaluating k by the method 
employed for k' and described in table 1V ; such a calculation yields 
values for k which, like those in column 6 of table ILI, diminish with 
increasing concentration of iodine, and this suggests that it is the 


e 


— 
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frst term in equation (3) which is inaccurate. On the whole, except 
for this slight variation of &, the experimental results are well 
expressed by the equation used. 


The Influence of Added Acid. 


In the series of experiments 10 to 15 (table V), sulphuric acid has 
been added in varying quantity, the concentration in each experiment 
being given under ¢. In all cases an increase in ¢ produces an 
increase in the magnitude of the constant £+%'C, but although, as in 
the former series, the constant is very good in each experiment, no 
simple relation between its values from different experiments can be 
detected. This, as already pointed out, is due to the uncertainty as to 
the total H” concentration. 


TABLE V. 
Duration of k+kC. 
No. of expt., in — wh ~ 
expt. A. B. c. C(=aA+a’c). minutes. Lowest. Highest. Mean. 
10 02 O°019 0°02 0°1146 272 0°00220 0°00226 0°00222 
11 02 00187 0°05 0°1146 280 0°00246 0700265  0°00254 
12 O2 0019 0°10 0-203 311 000278 0°00304  0°00296 
13 02 0°0193 0°4 0°447 229 0°00408 0°00468 0°00444 
14 03 070194 0°05 0°181 235 0°00284 0°00305 0°00299 
1 O83 0°0194 0°10 0°236 227 000331 0°00369 0°00353 


On the assumption that this is given approximately by (aA +a’e), 
the sum of the concentrations of the hydrogen ions from the 
phosphorous acid and from the sulphuric acid, each in the absence of 
the other, values are obtained for & which vary between 9:7 and 6°7. 

The calculation may be reversed, and the total hydrogen ion 
concentration calculated from the values of & and k’ found already 
from experiments 1 to 9. This has been done, and table VI contains, 
for experiments 10 to 15, the values of the concentrations of the 
phosphorous acid (A), iodine (8), and sulphuric acid, c, as well as that 
of the summed constants (k+'C), the last two columns showing the 
difference between (aA +a’c) and C calculated in this manner. The 


TaB.LeE VI. 


Expt. A, B. ¢. k+KC. aA+a’e. co. 
10 0°2 0°02 0°02 2°22 0°1146 0°71 
1] 0°2 0°02 0°05 2°54 0°148 0°123 
12 0°2 0°02 0°10 2°96 0°203 0°157 
13 0°2 0-02 O'4 [HCl] 4°44 0°427 0°271 
14 0°3 0°02 0°05 2°84 0°181 0°16 
15 0°3 0°02 0°10 3°53 0°236 0°201 


latter is always less than the former, and by an amount which might 
be expected from the decrease in ionisation of the phosphorous acid, 
due to the presence of the sulphuric acid. 
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This decrease in ionisation would have a dual effect if the reaction 
were one in which phosphorous ions are oxidised by iodine, since the 
concentration of the phosphorous ions would also be diminished, and 
hence also the observed constant. 

The fact that experiment 13 gives for C a value (0°271) which is 
less than the H* concentration from the added acid alone, is the only 
one in the whole of the present investigation which indicates in any 
way whether the iodine reacts with ion or undissociated molecule. 


The Reaction with Very Low Hydrogen Ion Concentration. 


Ewpt. 16 and 17. 


It has been already mentioned that if the H* concentration is made 
very small by the addition of a salt of a very weak acid, such as the 
sodium salts of acetic, carbonic, or boric acid, the reaction velocity 
is increased enormously. With moderate concentrations of iodine and 
excess of phosphorous acid, reaction is complete in from one to seven 
minutes at 25°. In order to make any measurements, it is therefore 
necessary to work at moderately low temperatures, and the following 
experiments, in which a large excess of phosphorous acid was always 
used, were carried out in a bath of melting ice. 

Experiment 18, table VII, will show the nature of the results 
which have been obtained. 


(Bx). 


times 
values 


Taste VII.—LZaperiment 18. 
A=0°2. B=0-02. C,H,O,Na=0'4. KI=0-050. 


te _— I/tlog 1/8 
0°0 0°0189 _— ~ 
5°5 0°0169 0°0209 1°165 
8°5 0°0155 00238 1°37 

13°5 0°0144 0°0201 1°22: 
23°5 0°0125 00175 1°15 
37°5 0°0108 0°0156 1°05 
6&°5 00084 0°0119 0°98 
99°5 0°00644 0°0108 1°02 
142°5 0°0050 0°0093 1°04 
230°0 000328 0°0077 110 


Although this and the other experiments of this series yield 


approximately constant values for the bimolecular expression aE 
(column 4, table VII), the conclusion that the reaction is bimolecular 
with respect to the iodine is not confirmed by the consideration of the 
value of the constant from different experiments. The relation between 
the reaction velocity and the concentration of the reagents is, indeed, 
so complex that the attempt to give quantitative expression to the 
results has been abandoned, 


16 and 17. 
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The curves of Figs. 1 and 2 are obtained by plotting the experi- 


mental results which are given in table VIII. This table contains the 


Expt. 18. 


(B-2). 


times of measurement expressed in minutes, and the corresponding 
values of the iodine concentration for experiments 16 to 22, the con- 
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centrations of the phosphorous acid (A), iodine (8), sodium acetate, 
and potassium iodide being given for each experiment. 


2212 STEELE: THE OXIDATION OF 


Taste VIII.—LZaperiment 16. 
A=0'2, B=0-01. C,H,O,Na=0'4. K/=0-025. 
Gaacasssropanavainee 0°0 5°5 11°5 17°0 29°0 48 
(B-x)x10%... 9°44 660 566 476 3°54 2 
Experiment 17 repeats Experiment 16. 


Experiment 18. 


A=0°2, B=0°02. C,H,O,Na=0°4. KI=0-050. 
Weer 00 55 85 135 235 37° 685 995 1425 
(B-z)x10°.. 189 168 156 144 125 108 84 64 590 


Experiment 19. 


A=02. B=0°01. C,H,O,Na=06. KI=0-025. 

2°5 4°5 80 22°0 27°0 34°0 

(B-2z)x108 ... 8°84 682 5°54 4°80 2°38 1°86 1°36 
Experiment 20. 


A=02 B=0-01. C,H,O,Na=0°8. KJ=0°025. 


BS dctteeaniotiinncina - 00 15 4°0 75 11°25 18°5 
(B-z)x10* ...... 6°70 5°54 4°12 2°94 2°70 1°50 
Experiment 21. 

A=0°2, B=0°01. C,H,O,Na=0°4. KIJ=0°125. 
Pancixnncetentenees 0°0 2°0 80 14°0 27°0 33°0 62°0 
(B-x)x10°... 9°14 820 7:08 6°22 4°82 3°98 2°54 

Experiment 22. 
4=02 B=0°01. C,H,O,Na=0-4. KI=0-225. 
Ricsccccsoconssacie: OO 4°0 12°5 21°0 31°5 49°5 68°5. 118° 
(B-2z)x10*%... 10°06 8°92 7°32 6°16 5°20 4°00 3°06 1°68 


The same experiments are summarised in table IX, which gives, in 


TaBLe IX, 

Expt. ls B C,H,0,Na. Kl. ty. 
16 and 17 0°2 0°01 Ov4 0°025 20 
pee Pee 0°2 0°02 0°4 0°05 53 
16 and 17 0°2 0°01 0°4 0°025 20 
ere 0°2 0°01 0°6 0°025 9°5 
Riicighssih 0-2 0-01 0°8 0-025 7 
16 and 17... 0°2 0°01 0°4 0°025 20 
i ecixecutxens 02 0°01 O'4 0°125 29 
Maks xadcuecin 0°2 0°01 0°4 0°225 34 


addition to the data contained in table VIII, the time required in the 
case of each experiment for the reaction to proceed half way to com- 
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pletion; these figures are given in the sixth column. The great 
complexity of the reaction and its extreme sensitiveness to concentra- 
tion changes will be clearly seen from a study of this table and of the 
figures. 

Thus experiments 16, 17, and 18, which are shown in Fig. 1, show 
the effect of doubling the iodine concentration, the time of half reaction 
being increased from twenty to fifty-three minutes, an effect which 
is exactly the opposite to that which should occur in a bimolecular 
reaction. 

Experiments 16, 17, 19, and 20 (Fig. 2) show the acceleration of 
the reaction velocity by an increase in the sodium acetate concentra- 
tin. This corresponds with a diminution in the concentration of the 
hydrogen ions, and, if this conditions an increase in the velocity, it is 
obvious that the reaction in the conditions under discussion cannot 
be the same as that which takes place in the presence of much free 
acid. 

Finally, the effect of adding potassium iodide (or iodine ions) is 
sen from experiments 16, 17, 21, and 22 to be a retardation, the 
time of half reaction being increased from 20 in experiments 16—17 
to 29 and 34 respectively in experiments 21 and 22. 


Summary. 


It has been shown that two distinct reactions occur between iodine 
and phosphorous acid, one of which preponderates in acid solution and 
the other in the absence of any strong acid. 

The former of these reactions is catalytically accelerated by the 
presence of hydrogen ions, «nd the reaction velocity is proportional to 
the concentrations of the phosphorous acid (or of the phosphorous 
ion) and to the square root of the concentration of the iodine. 

The conclusion is drawn that reaction takes place between 
phosphorous acid molecules (or ions) and iodine atoms, the latter 
being supplied in extremely small, but sufficient, quantity by the 
dissociation of the iodine molecules. 

A slight apparent retardation of the reaction velocity by the iodine 
is probably due to the incompleteness of the hypothesis which has 
been suggested to explain the experimental results. 

The second reaction, which takes place in the presence of salts, 
such as sodium acetate, bicarbonate, and borate, is extremely complex ; 
the reaction being accelerated by the presence of sodium acetate, 
retarded by the presence of iodine, and also retarded by the presence 
of iodide ions. 

No hypothesis explanatory of this reaction has been suggested. 


THE UNIVERSITY, 
MELBOURNE. 


OBITUARY NOTICES. 


WILLIAM HENRY PERKIN.* 
Born Marcu 121TH, 1838; Diep Juty 141TH, 1907. 


Sir Wittiam Henry Perkin, whose death occurred on July 14th, 
1907, was born in London on March 12th, 1838. He was the 
youngest son of Mr. George Fowler Perkin, a builder and con- 
tractor, who died in 1865 at the age of 63. The younger Perkin 
received his early education at a private school, and was afterwards 
sent to the City of London School, where it may be said that his 
inborn talent for chemistry as a science first took definite form 
through the encouragement of the late Thomas Hall, who was at 
that time one of the class masters in the school. Science at that 
period apparently did not form a recognised part of the educa- 
tional curriculum, since Mr. Hall had to take the time for giving 
two weekly lectures on chemistry and natural philosophy out of 
the dinner interval. The schoolboy Perkin attended these lectures 
with the greatest delight, often sacrificing the midday meal in 
his enthusiasm, and was soon promoted to the, to him, proud 
position of being allowed to prepare the experiments, and help 
Mr. Hall with the demonstrations during the lectures. 

It is evident that in the case of Perkin, as is so generally the 
case with those who leave their mark upon any branch of science, 
the particular specialisation of faculty and disposition indicative 
of inherent ability revealed itself at a comparatively early age, and 
it is certainly a fortunate circumstance that at this critical period 
of his career he should have fallen under the influence of Mr. 
Hall, who was himself a pupil of Hofmann’s, and who, according 
to all accounts furnished by contemporaries, must have been highly 
inspiring as a teacher of science. Perkin has quite recently placed 
upon record the history of his early life in the following passage:— 

“As long as I can remember, the kind of pursuit I should 
follow during my life was a subject that occupied my thoughts 
very much. My father being a builder, the first idea was that I 


* This notice has been compiled from those previously published by the Royal 
Society and the Society of Dyers and Colourists, 
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should follow in his footsteps, and I used to watch the carpenters 
at work, and also tried my hand at carpentering myself. Other 
things I noticed led me to take an interest in mechanics and 
engineering, and I used to pore over an old book called ‘ The 
Artisan,’ which referred to these subjects and also described some 
of the steam engines then in use, and [| tried to make an engine 
myself and got as far as making the patterns for casting, but I 
was unable to go any further for want of appliances. I had always 
been fond of drawing, and sometimes copied plans for my father, 
whose ambition was that I might be an architect. This led me 
on to painting, and made me think I should like to be an artist, 
and I worked away at oil-painting for some time. All these sub- 
jects I pursued earnestly and not as amusements, and the informa- 
tion I obtained, though very elementary, was of much value to me 
aiterwards. But when I was between twelve and thirteen years 
of age, a young friend showed me some chemical experiments, and 
the wonderful power of substances to crystallise in definite forms, 
and the latter especially struck me very much, with the result 
that I saw there was in chemistry something far beyond the other 
pursuits with which I had previously been occupied. The possibility 
aiso of making new discoveries impressed me very much. My choice 
was fixed, and I determined if possible to become a chemist, and I 
immediately commenced to accumulate bottles of chemicals and 
make experiments.” 

It was at this period that Perkin entered the City of London 
School, and, as he has told us in the passage just quoted, with a 
distinct bias towards chemistry as a career. This decision appears 
to have caused his father some disappointment, as at that time 
chemistry as a profession offered but few attractions, and it was 
only through the intercession of Mr. Hall that he was allowed, 
at the age of fifteen, to enter the Royal College of Chemistry as 
a student under Hofmann in the year 1853. His special ability 
must have revealed itself also to the eminent professor who was 
at the head of that institution, for he soon passed through the 
ordinary course of training, consisting of qualitative and quantita- 
tive analysis and gas analysis, and, by the end of his second year, 
had, under Hofmann’s guidance, carried out his first piece of 
research work. In describing this period of his career in a speech 
delivered in New York in October, 1906, Perkin significantly added 
with respect to the ordinary curriculum which all students of the 
Royal College of Chemistry went through at that time :—‘“ This 
I looked upon only as a preliminary part of my chemical acquire- 
ments and not, as many used to and some still do, as a full equip- 
ment. Research was my ambition... .” 
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For a youth with these proclivities, no more inspiring influence 
existed in this country than that exercised by Hofmann in the 
research laboratory in Oxford Street, and at the age of seventeen 
we find Perkin, who had by then proved his capabilities, enrolled 
as honorary assistant to the Professor. In that laboratory the 
first serious insight into research methods was acquired, and it 
is of particular interest to note that his initiatory work, instigated 
by Hofmann, was in connexion with the hydrocarbon anthracene, 
a substance which, a few years later, served as the starting point 
in one of the most brilliant synthetical achievements in scientific 
and industrial chemistry, with which the name of Perkin will be 
always associated. No less interesting is the circumstance that 
this first research, although, for reasons which are now readily 
intelligible, ending in negative results, in no way daunted the 
ardour of the young investigator, who, in later life, frequently 
declared that his first efforts at getting definite products from 
anthracene were of invaluable service to him when he again took 
up the study of this hydrocarbon from the scientific and technical 
point of view. The problem set by Hofmann was, in fact, not 
solved until more than a quarter of a century after Perkin’s first 
attempt, and then by a very indirect method. The general subject 
which, among others, was under investigation in the Oxford Street 
laboratory at that time was the production of organic bases from 
hydrocarbons by the reduction of the nitro-derivatives. Anthracene. 
then known as “ paranaphthalene,’ had not been brought within 
the range of these experiments, and the task of isolating the hydro- 
carbon from coal-tar pitch with the view of nitrating the pure 
substance was entrusted to Perkin, whose difficulties in attempting 
on a laboratory scale to achieve a result which is only satisfactorily 
accomplished on a factory scale are readily imaginable. However, 
the aid of the tar distiller was invoked, and a supply of the raw 
anthracene obtained from the Bethels Tar Works, but the pure 
hydrocarbon could not be nitrated, and so the desired amine 
corresponding with aniline could not be obtained. As a matter 
of fact, Perkin had unwittingly produced, by the action of nitric 
acid on anthracene, the parent substance of alizarin, anthraquinone, 
although his analyses failed to reveal the nature of the compound, 
because at that time an erroneous formula had been assigned to 
the hydrocarbon by its discoverers, Dumas and Laurent. Other 
(haloid) derivatives of anthracene prepared during the research 
for a similar reason failed to give intelligible results on analysis, 
and the young investigator was therefore given another piece of 
work, namely, the study of the action of cyanogen chloride on 
naphthylamine, this being a part of a general research on the 
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action of cyanogen chloride, etc., upon organic bases, which had, 
for some time, been going on under the auspices of Hofmann. This 
second investigation was brought to a successful issue and com- 
municated a year later to the Chemical Society of London, which 
then held its meetings at a house in Cavendish Square. 

Perkin’s first successful research was thus completed in 1855 
and appeared in the Journal of the Chemical Society in 1856 
(9,8; also Annalen, 98, 238), from which time, throughout the 
whole period of his career, this Society received and published 
practically the whole results of his scientific labours. 

The compound described by Perkin in his first paper as 
“menaphthylamine,” in accordance with the nomenclature of the 
period, is the a-dinaphthylguanidine of modern chemistry. But 
one naphthylamine was known at that time, and the possible 
existence of a second modification could not, in the existing state 
of chemical theory, have been foreseen. That the work and the 
worker found favour in the estimation of Hofmann is shown by 
the circumstance that on its completion he was promoted from 
the position of honorary assistant and made a member of the 
research staff, his colleague being Mr., now Professor, Arthur 
Herbert Church, with whom Perkin formed a friendship which 
lasted throughout his life. It was at this period of his career 
that he made that discovery of the dyestuff mauve, which for a 
time diverted his attention from pure to applied science, although, 
as is now well known, the cause of pure science was advanced at 
a later period by this discovery to an extraordinary degree, and 
in many directions quite unforeseen at the time. The story of 
the discovery of the first coal-tar colouring matter has been fre- 
quently placed upon record, and the fiftieth anniversary was made 
the occasion for an international celebration in London, in July, 
1906, when Perkin became the central figure and received the 
homage and congratulations of chemists and technologists from 
every part of the world. Seldom, if ever, in the history of science 
has the discovery of one chemical compound of practical utility 
led to results of such enormous scientific and industrial importance 
as this accidental preparation of mauve in 1856. The details of 
the working out of the manufacturing process and of the methods 
for utilising the dyestuff belong to the history of applied science, 
but since the discovery was the outcome of purely scientific ante- 
cedents, and its achievement a matter which materially affected 
Perkin’s career, it “is necessary to recapitulate this chapter of his 
activity in the present notice. 

The remarkable zeal which Hofmann’s young assistant must 
have thrown into his work is well revealed by the circumstance 
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that even the activity of the Oxford Street laboratory failed to 
satisfy his craving for research. He was at that time kept at work 
on the investigations prompted by that illustrious professor whose 
resourcefulness appeared to be inexhaustible, and had little or no 
time for working independently. He accordingly fitted up, in 1854, 
a part of a room as a laboratory in his own home,* and there 
carried on his researches after the day’s work at the College was 
over and during the vacation. It is of considerable interest to 
note that even at this early period his work brought him into 
contact with colouring matters, for, having secured the co-operation 
of his colleague, Mr. Church, one of the first pieces of work 
which they took in hand was the investigation of the products of 
reduction of dinitrobenzene and dinitronaphthalene. From the 
latter there was obtained a coloured substance which, in accordance 
with the prevailing views concerning the nature of such com- 
pounds, was named “ nitrosonaphthyline,” and a brief account of 
it was given to the Royal Society by Hofmann on February 6th, 
1856 (Proc. Roy. Soc., 8, 48), the complete description being after- 
wards published in the names of Perkin and Church in the Journal 
of the Chemical Society (Quart. Journ., 1857, 9, 6). The interest 
attaching to this colouring matter is that it was the first repre 
sentative of the large and important group of azo-dyes derived 
from naphthalene ever manufactured, although its true nature was, 
of course, at first unknown to its discoverers, and even its ultimate 
composition was not accurately established at the time, because, 
seven years later, when Perkin and Church resumed the study of 
the compound, they found that it contained no oxygen, as had 
at first been supposed, and that it could be made more conveniently 
by the action of a nitrite on a salt of a-naphthylamine in the 
presence of alkali. The substance was re-named, in accordance 
with current notions, “ azodinaphthyldiamine,” and the amended 
results published by the Chemical Society (Journ. Chem. Soc., 1863, 
16, 207). A patent was also secured (No. 893 of 1863) + and the 
substance had a limited use as a dyestuff. The azodinaphthyl- 
diamine of 1863 is the a-aminoazonaphthalene of modern chemistry, 
and, it may be added, is of no importance in tinctorial industry at 
the present time. 

The discovery of a compound which happened to be a colouring 
matter was at this stage of Perkin’s career an accidental circum- 
stance, as was, in fact, the discovery of mauve, which was made 

* His father’s house was at that time known as “ King David's Fort,” 
Shadwell, E. The name is still preserved in King David’s Lane. 

t It has been pointed out by Caro (Ber., 1891, 24, Appendix, p. 3) that this 
patent is the first claiming the production of a sulphonated azo-colour. 
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in this same rough home laboratory about the same time, namely, 
the Easter vacation of 1856. In view of the widespread notion 
that discoveries of industrial value are invariably the result of 
researches directed solely towards this practical end, it may be 
of interest to place once again upon record the statement that the 
frst coal-tar colouring matter was discovered by Perkin as the 
outcome of as distinct a piece of pure scientific research as was 
possible in the light of the theoretical conceptions of that period. 
It must be borne in mind that in 1856 organic chemists had 
practically nothing to guide them in expressing the formule of 
compounds but the ultimate composition derived from analytical 
results. It is true that the possibility of different substances 
having the same ultimate composition had, since the time of Wéhler 
and Berzelius, received recognition among chemists, but these early 
ideas concerning isomerism had not yet given birth to those definite 
conceptions of chemical structure which at a later period resulted 
from the application of the doctrine of valency. Thus in 1856 it 
was scientifically legitimate to set out from the assumption that 
a natural product might be synthesised if the elements composing 
it could be brought into combination in the right proportions. 
Many attempts to produce natural compounds artificially had been 
made on this principle since the fundamental synthesis of urea 
from ammonium cyanate by Wéhler in 1828, and although no 
success in the way of the desired syntheses can be recorded, there 
can be no doubt that many indirect results of lasting importance to 
chemical science were arrived at in this way. The discovery of 
mauve by Perkin is an example of such an indirect result which at 
first ranked as an industrial success only, and, it may now be 
said fortunately, for a time diverted the energies of its discoverer 
from the field of pure science to that of chemical industry. 

In so far as the discovery of mauve is attributable to scientific 
as distinguished from purely technical research, it may be pointed 
out that in accordance with the prevailing belief that a synthetical 
product, if of the same empirical formula, would prove to be 
identical with the natural compound, Hofmann, as far back as 1849, 
had, as Perkin himself indicates in the Memorial Lecture (Trans., 
1896, 69, 603), suggested the possibility of synthesising quinine from 
naphthalene, the ground for this suggestion being that the base 
“naphthalidine ” (=naphthylamine) was at that time supposed to 
differ from quinine only by the elements of two “equivalents” of 
water, so that if the hydration of the base could by some means 
have been effected, quinine might be expected to be the result 
“Reports of the Royal College of Chemistry,” 1849, Introduction, 
p. 61). Ideas of this order were prevalent in the chemical world 
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about the middle of the nineteenth century, and Perkin has told J gase | 
us how, imbued with these notions, he was “ambitious enough to J of th 
wish to work on this subject of the artificial formation of natural § The 
compounds ”’ (Hofmann Memorial Lecture, loc. cit.). Following § whic 
the method then in vogue, he came to the conclusion that the most 9 shad 
likely generator of quinine would be allyltoluidine, since two claim 
“equivalents ” of this compound, by taking up oxygen and losing him 
hydrogen (in the form of water), would give a substance of the pract 


formula of quinine: co-we 
2C,,H,;N + 30 =C.,H,,N,0,+H,0. ped 

The experiment was tried, a salt of allyltoluidine being oxidised enter 
by potassium dichromate, but, instead of quinine, a “ dirty reddish- bencl 
brown precipitate’? was obtained. This result, negative in one street 
sense, still appeared of sufficient interest to the young investigator and | 
to be worth following up, and he repeated the experiment with ing i 
a salt of the simpler base aniline, obtaining in this case a very Index 
dark-coloured precipitate, which, on further examination, was found resea: 
to be a colouring matter possessed of dyeing properties. Thus was we h 
discovered the first of the coal-tar dyes, the subsequent and rapid paint 
development of which, from a laboratory curiosity into a technical home 


product, brings into strong prominence the extraordinary combina- toget. 
tion of energy, skill, and resourcefulness inherent in this youth, Exhi 
who at the time was not much over seventeen years of age. The years 


very fact of his continuing the investigation of what the majority and | 
of contemporary chemists would have discarded as an unpromising “zs 
“ Schmier,” may be taken as an indication of his originality, for first « 
it must be remembered that, at that time, the main object of benef 
research in organic chemistry was to obtain definite crystalline inven 
compounds, and the formation of non-crystalline, and especially but I 
of coloured, amorphous products was considered as an indication worke 
of the failure of a reaction. This view of research method was appol 
particularly upheld in Hofmann’s laboratory, and, as has fre cultw: 
quently been pointed out by many critics of the too-rigid enforce- ~. 
ment of this method, there can be no doubt that the discovery were 
of the coal-tar dyes was considerably retarded by the liberal use given 
of animal charcoal as a decolorising material. Hofmann himself, floor, 
for example, is well known to have prepared rosaniline in 1858 resear 
incidentally as a by-product in the course of his study of the reaction The 
between carbon tetrachloride and aniline, although, so far as cor- been 


cerned the main objects of his research, he regarded it as an 1896, 
impurity. To Perkin must be given the credit of having the to re 
courage to break through the traditional dislike of investigating eighte 
coloured, resinous-looking products, an achievement which, in the great 
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case of mauve, may, perhaps, be attributed to that rare combination 
of the scientific and artistic faculties which he was known to possess. 
The fact that his new product on purification gave a compound 
which at that time would be considered as imparting a beautiful 
shade of colour to fabrics when used as a dye, may fairly be 
claimed to have appealed to his esthetic sense, and to have lured 
him on with his research, independently, at first, of immediate 
practical developments. Professor A. H. Church, his colleague and 
co-worker, has supplied the following statement with respect to 
this period of his career: 

“Tt was, I think, in October, 1853, that William Henry Perkin 
entered the Royal College of Chemistry, and was assigned the next 
bench to mine in the front of the building, looking out upon the 
street. One year before this date I had gone through my novitiate, 
and had been awarded what was called a scholarship—still receiv- 
ing instruction and attending the lectures, but paying no fees. 
Indeed, I had been carrying out from time to time some minor 
researches suggested by Dr. Hofmann. Perkin and I soon found 
we had several interests in common. We were both given to 
panting, and were amateur sketchers. I was introduced to his 
home at King David’s Fort, and we began painting a picture 
together. This must have been soon after the Royal Academy 
Exhibition of 1854, when I had a picture hung. I was nearly four 
years Perkin’s senior, but was soon impressed by his mental activity 
and his devotion to work. 

“T remember the epoch-making experiment in which mauve was 
first discovered. He repeated it in my presence for my particular 
benefit. I distinctly recollect strongly urging him to patent his 
invention. Shortly after this date I left the college for Oxford, 
but Perkin and I were in frequent communication, and sometimes 
worked together after I had taken my degree in 1860, and until my 
appointment in 1863 to the chair of chemistry at the Royal Agri- 
cultural College. 

“During the year 1855, and the spring of 1856, Perkin and I 
were no longer working in the same laboratory, for I had been 
given a bench in the professor's private laboratory on the ground 
floor, and was engaged in carrying out some of his most important 
researches of that period.” 

The history of the technical development of this discovery has 
been narrated: by Perkin in his Hofmann Memorial Lecture of 
1896, and it is only necessary to go through that account in order 
to realise the magnitude of his achievement. A youth of about 
eighteen, undaunted by the discouragement of his professor, the 
greatest living master of organic chemistry, had determined to 
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work out his discovery on a manufacturing scale, with no experience 
or training as a manufacturer himself, and with no precedent to 
guide him in the construction of plant for carrying on operations, 
which had, up to that time, never been conducted on more than a 
laboratory scale. Hofmann’s opposition to his young assistant’s 
leaving the paths of pure science, and embarking upon what, no 
doubt, appeared to his maturer judgment a most risky undertaking, 
is quite understandable, and fully justifiable. Everything in con- 
nexion with the new industry had to be worked out from the very 
beginning—the methods for the isolation and preparation of the 
raw materials, as well as the manufacture of the new dyestuf, 
and the prejudices of the dyers and printers against innovation 
had also to be overcome. With all this responsibility ahead of 
him, Perkin, encouraged, no doubt, by the favourable report con- 
cerning the dyeing qualities of his new product furnished by certain 
practical dyers, and especially by Messrs. Pullar, of Perth, formally 
resigned his position at the Royal College of Chemistry, and boldly 
entered upon his career as an industrial chemist. He has touch- 
ingly placed upon record his indebtedness to his father, who, 
although, as already stated, at first inclined to be adverse to his 
taking to chemistry as an occupation, had, at the time of the 
discovery of mauve, so much confidence in his son’s ability that he 
threw in his lot with the new venture, and devoted the greater 
part of his life’s savings to the building of a factory, for which a 
site had been secured at Greenford Green, near Sudbury, at which 


latter place Perkin afterwards resided. His elder brother,* notice 
Thomas D. Perkin, who, during the summer vacation of 1856, had Presic 
assisted in making mauve in the laboratory on a somewhat larger in th 
scale, in order to supply specimens for testing by the dyers, also fessor 


joined in the undertaking. A patent was secured (No. 1984, passat 
August 26th, 1856), and the building of the works commenced in synthe 


June, 1857, and six months later the new dyestuff, under the name throu; 
of “ Aniline Purple,” or “ Tyrian Purple,” was being manufactured Alrea 
in sufficient quantity to supply one of the London silk dyers.t artific 
The subsequent development of this precursor of the coal-tar dyes is imy 
forms an interesting and, indeed, a romantic chapter in the history matel 
of applied science. Its reputation spread rapidly; from silk dyeing vital 


its application was extended to cotton dyeing and to calico printing, when 
and at every stage of a career which may be fairly described as a 
triumphant, the master hand of William Henry Perkin can be — 
detected. Now we find him working out processes for the manu- +. 
* Born 1831, died 1891. also refe 
+ The name *‘ Mauve,” by which it was afterwards generally known, was given 1906 (Ri 
to the dyestuff in France. p. 106. 
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facture of nitrobenzene and aniline on a scale never before 
attempted, then we learn of his introducing improvements into 
the methods of silk dyeing on the large scale, and of his discovering 
suitable mordants for enabling the dyestuff to be applied to cotton 
fibre both by dyers and calico printers. Well may it be said in 
Perkin’s own words: “In fact, it was all pioneering work.” * 

In spite of these splendid pioneering efforts, however, it seems 
that the recognition of the value of the product at first took place 
but slowly in this country, and it was not until it had been taken 
up in France that its merits for tinctorial purposes became generally 
recognised. In a private communication addressed to the writer 
of this notice on April 3rd, 1906, Perkin states: “The value of 
the mauve was first realised in France, in 1859. English and 
Scotch calico printers did not show any interest in it until it 
appeared in French patterns, although some of them had printed 
cloth for me with that colour.”” The “Société Industrielle de Mul- 
house,” it may be added, awarded him a silver medal for his dis- 
covery in 1859, and afterwards a gold medal.+ It is of interest to 
note also that a paper was read by him at the Leeds meeting of the 
British Association in 1858, under the title, “On the Purple Dye 
obtained from Coal Tar” (Reports, 1858, p. 58), when specimens 
of the substance and fabrics coloured by it were exhibited. No 
more appropriate place than this town, in the centre of one of the 
chief seats of the tinctorial industry in Great Britain, could 
possibly have been selected for bringing the discovery under the 
notice of chemists and technologists. Sir John Herschel was 
President of the Chemical Section, and, by a remarkable coincidence, 
in the opening address of the President of the Association, Pro- 
fessor (afterwards Sir Richard) Owen, there occur the following 
passages @ propos of the general progress of organic chemical 
synthesis: “To the power which mankind may ultimately exercise 
through the light of synthesis, who may presume to set limits? .. . 
Already, natural processes can be more economically replaced by 
artificial ones in the formation of a few organic compounds. . . . It 
is impossible to foresee the extent to which chemistry may ulti- 
mately, in the production of things needful, supersede the present 
vital agencies of nature.” This pronouncement at the meeting 
when the first of the coal-tar colouring matters was exhibited—a 


* Speech at the Jubilee Banquet in New York, October 6, 1906. See also the 
Hofmann Memorial Lecture, Joc. cit., p. 609. 

+ The impetus given to the new colouring matter through French influence was 
also referred to by Perkin in his reply to Professor Haller at the Jubilee Meeting in 
1906 (Report, p- 11); see also Journ. Society of Dyers and Colourists, April, 1907, 


p. 106. 
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discovery which laid the foundations of an industry which now 
supplies as tar products the colouring matters of madder and 
indigo—may be looked upon as prophetic. 

The influence of this inaugural work by Perkin upon the sub- 
sequent history of the industry is too well known to need recapitula. 
tion. It is only necessary to point out that the introduction of 
aniline—at that time a mixture of homologues—into the market 
soon led other investigators to enter the field of colour chemistry, 
and new dyestuffs made their appearance in rapid succession, the 
most noteworthy after mauve being magenta, which was discovered 
as a technical product in 1859 by Verguin, and manufactured for 
a short period by his process* by the firm of Renard Fréres et 
Franc, of Lyons. In fact, the stream of competition in the course 
of a few years turned against the original mauve, the demand for 
which gradually fell off as other colouring matters of a similar 
or brighter hue were introduced. The consideration of chief 
interest in connexion with Perkin’s successful venture into the 
domain of applied chemistry is, however, from the present point 
of view, the influence which his work in this field exerted upon 
pure science. That it has exerted an enormous influence is now 
generally recognised, and a critical examination of the course of 
development of the industry will show that the gain by chemical 
science has been of a twofold character—a direct and an indirect 
gain. 

In the first place, as the direct result of introducing into com- 
merce in large quantities organic chemical products which had 
before been but laboratory curiosities, a great stimulus was given 
to research, and chemical workers of the highest repute took up 
the investigation of the new products, both raw materials and 
colouring matters. As an indirect consequence, also, many new 
compounds of industrial value were discovered incidentally in the 
course of manufacturing operations conducted on the large scale, 
and these, with the colouring matters which from time to time 
appeared as novelties, furnished endless subject matter for research, 
the results so obtained often proving of the greatest. scientific 
importance. Not the least interesting circumstance in connexion 
with this chapter of chemical history is the fact that Hofmann 
himself soon entered the field of tinctorial chemistry, to which he 
made many contributions of the utmost value both from the 
scientific and technological point of view. He was, in fact, for 
many years recognised as the leading scientific authority on coal- a 
tar colouring matters, and many of his discoveries were practically Jebil 


Com 


* By heating crude aniline (i.¢., aniline containing toluidine) with stannic “ee 
cto 


chloride. 
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utilised in the factories. Then, again, there can be no doubt that 
the success of the new industry and the succession of important 
scientific discoveries which followed its development attracted large 
numbers of students into the chemical schools, and many gifted 
and active workers were by this means drawn as recruits into the 
ranks of scientific chemists. It is, indeed, not going too far to say 
that the discovery of the coal-tar colouring matters brought about 
such a revival in the study of organic chemistry, and particularly 
in that of the so-called “aromatic” series, that when the epoch- 
making conception concerning the constitution of these compounds 
had been given to the world by Kekulé in 1865, the rapid extension 
of the “benzene theory” was enormously facilitated by the 
resources which the new industry had given to pure science. If it 
is true that the new theory materially advanced the cause of the 
industry, it is no less true that the industry contributed to the 
advancement of the theory, the verification of which might have 
been delayed for a generation or more without such support. No 
better illustration of the interdependence of science and industry 
kas ever been given to the world than this particular example of 
the action and reaction between theoretical and applied chemistry.* 

The success of the new industry not only reacted upon the science 
of chemistry in the way indicated, but it may be claimed that, 
contrary to Hofmann’s forebodings, it proved in the long run 
beneficial in every way to Perkin himself, and through him to that 
science to which he devoted his life. He has told us that when, 
being fully convinced of the value of mauve, he announced his 
intention of leaving the College of Chemistry and taking up the 
manufacture of the new colouring matter, he determined not to 
allow the manufacturing career to check his research work, and 
nobly did he adhere to his resolution. His published papers show 
that in spite of all his technical work the stream of original in- 
vestigation was never allowed to stagnate. Only a year after the 
starting of the Greenford works, namely, in 1858, in conjunction 
with Duppa, he discovered that aminoacetic acid or “glycocoll,” 
a compound which up to that time had only been prepared by the 


* The consideration of the later important influence upon other branches of 
science arising, often in most indirect and unforeseen ways, from the applications of 
coal-tar products to such subjects as bacteriology, histology, therapeutics, photo- 
graphy, ete., would swell this notice to an inordinate extent. Although results 
of incalculable value have been achieved in these fields, Perkin himself is not 
particularly identified with any of the lateral deveiopments of his initial pioneering 


labours, References to this aspect of the subject were made in some detail at the 
Jubilee celebration in 1906. (See the official Report published by the Memorial 
Committee, and also a paper by Dr. Hugo Schweitzer in Science, No. 616, 
October 19, 1906, p. 481.) 
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decomposition of natural products, could be obtained by heating 
bromoacetic acid wifh ammonia.* A general survey of his work 
during his connexion with the coal-tar colour industry, which ceased 
in 1874, brings out very clearly the double line of thought which 
during that period actuated his research work. Concurrently with 
the investigation of the dyestuffs, he carried on researches in other 
departments of organic chemistry which had at that time no rela- 
tions with tinctorial chemistry. Thus we find that by 1860 he, 
in conjunction with Duppa, had discovered the relationship 
between tartaric and fumaric-maleic acid, and had effected the 
synthesis of racemic acid from dibromosuccinic acid, a line of 
work which was followed up with signal success (Perkin and Duppa, 
Annalen, 1860, 115, 105; Quart. Journ. Chem. Soc., 1860, 18, 102; 
Perkin, Journ. Chem. Soc., 1863, 16, 198; Perkin and Duppa, 
Annalen, 1864, 129, 373; Perkin, Proc., 1888, 4, 75). About 1867 
he must have commenced those researches on the action of acetic 
anhydride upon aromatic aldehydes which led to such important 
developments, and culminated in that beautiful method of syn- 
thesising unsaturated acids now known as the “ Perkin synthesis.” 
The first paper of this series bore the title, “On the Action of 
Acetic Anhydride upon the Hydrides of Salicyl, Ethylsalicyl, &c.” 
(Journ. Chem. Soc., 1867, 20, 586), and as the outcome of this 
work the synthesis of coumarin, the odorous substance contained 
in Tonka Bean, etc., was announced the following year (“On the 
Artificial Production of Coumarin and Formation of its Homo 
logues,” Journ. Chem. Soc., 1868, 21, 53 and 181). The production 
of a vegetable perfume from a coal-tar product was thus first made 
possible by Perkin, and the continuation of this work, after his 
retirement from the industry, led to his celebrated discovery of 
the synthesis of cinnamic acid from benzaldehyde, an achieve 
ment which subsequently, in the hands of Adolf v. Baeyer and 
H. Caro, made possible the first synthesis of indigo from tar pro- 
ducts.+ It is of interest to note also that while still in the coal- 
tar colour industry he took part in the discovery of synthetical 
methods for producing glyoxylic acid from dibromoacetic and 


* Perkin and Duppa, Annalen, 108, 112. This discovery is specially referred to, 
not only as illustrating Perkin’s extraordinary activity during this busy period, 
but also because the compound is the type of a large group of amino-acids which of 
late years have become of extreme importance owing to their relationship to the 
proteins, as shown by Emil Fischer and his co-workers. 

+ ‘A Preliminary Notice of the Formation of Coumarin, Cinnamie Acid, and 
other similar Acids,” Chem. News, 1875, 32, 258 ; “On the Formation of Coumarin 
and of Cinnamic and of other Analogous Acids from the Aromatic Aldehydes,” 
Journ. Chem. Soc., 1877, i, 388. 
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bromoglycollic acids, thus giving the first insight into the con- 
stitution of glyoxylic acid, a result of considerable significance in 
view of the important part attributed by many modern chemists 
to this acid in the photosynthetic processes going on in growing 
plants (Perkin and Duppa, Journ. Chem. Soc., 1868, 21, 197). 

The research work done during Perkin’s colour-making period 
was carried on in a laboratory in a house just outside the Green- 
ford factory, where also the scientific investigations in connexion 
with the colouring matters were conducted, the double line of 
work already indicated being revealed by the papers published 
during that period. It has not been considered necessary to give 
a complete list of these papers in the present notice, but it will 
be of interest to call attention to the fact that the purely scientific 
study of the colouring matters undertaken at this time centred 
round his early discoveries. It was in this new laboratory at 
Greenford that he and Church continued the investigation of 
“azodinaphthyldiamine ” already mentioned, and discovered a 
method for resolving this compound by complete reduction, thus 
introducing a process which is still the standard one for deter- 
mining the constitution of azo-compounds, and at the same time 
leading to the isolation of the first diamine derived from naphthyl- 
amine (Journ. Chem. Soc., 1865, 18, 173). Nor did he allow his 
scientific interest in his first discovered dyestuff to flag, for one 
paper on mauve from the purely chemical point of view was 
published during his connexion with the industry and another 
after his retirement in 1874.* 

In 1868 it was shown by Graebe and Liebermann that the 
colouring matter of the madder, alizarin, one of the most ancient 
of vegetable dyestuffs and a substance of immense value for tinc- 
torial purposes, was a derivative of the coal-tar hydrocarbon 
anthracene, and not, as had up to that time been believed, a 
derivative of naphthalene. The synthesis of this compound was 
elected by Graebe and Liebermann in that year, and patents for 
its manufacture from anthracene secured in Germany and in Great 
Britain, this being the first instance of a natural vegetable colouring 
matter having been produced artificially by a purely chemical 
method. This discovery had a great influence upon Perkin’s career 
as an industrial chemist, and may, indeed, be considered to have 
marked a new phase of his activity in this field. There was ne 


* “On Mauve or Aniline Purple,” Proc. Roy. Soc., 1863, 12, 713 (abstract) ; 
1864, 13, 170 (full paper). “On Mauveine and Allied Colouring Matters,” Trans., 
1879, 35, 717. In 1861 he lectured before the Chemical Society on the new 
coal-tar colouring matters, on which occasion, he has told us, Faraday was among 
4s auditors and eongratulated him at the end of the lecture. 
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living worker in this country at that time besides Perkin who so 
completely combined in himself all the necessary qualifications for 
taking advantage of such a discovery. Imbued with the spirit of 
his early ambition to produce natural compounds synthetically, 
with more than a decade’s experience as a manufacturer, with the 
resources of a factory at his disposal, and, not least, with special 
experience of anthracene as the very substance upon which, at 
Hofmann’s instigation, he commenced his career in research work, 
it can readily be understood that Graebe and Liebermann’s results 
should have appealed to him with special significance. The first 
patented process of the German discoverers was confessedly too 
costly to hold out much hope of successful competition with the 
madder plant, requiring as it did the use of bromine. Perkin at 
once realised the importance of cheapening the process by dis. 
pensing with the use of bromine, and undertook researches with 
this object. As a result, the following year (1869) witnessed the 
introduction of two new methods for the manufacture of artificial 
alizarin. In one of these processes dichloroanthracene was the 
starting point, and in the other the sulphonic acid of anthra- 
quinone, the first being of special value in this country owing to 
the difficulty of obtaining at that time “fuming” sulphuric acid 
in large quantities. The second process, which is the one still in 
use, had quite independently been worked out in Germany by Caro, 
Graebe, and Liebermann, and patented in England practically 
simultaneously with Perkin’s.* The subsequent industrial develop- 
ment of this brilliant achievement has now become historical; the 
artificial alizarin has completely displaced the natural colouring 
matter, and madder growing as an industry has become extinct. 
It is of interest, as showing the growth of the new industry, to 
reproduce Perkin’s statement in 1876: 

“The quantity of madder grown in all the madder-growing 
countries of the world, prior to 1868, was estimated to be 70,000 
tons per annum, and at the present time the artificial colour is 
manufactured to an extent equivalent to 50,000 tons, or more than 
two-thirds of the quantity grown when its cultivation had reached 
its highest point ” (Presidential Address to Section B of the British JJ din: 
Association, Glasgow, 1876, “ Reports,” p. 61). labou: 

The development of this branch of the coal-tar industry in the of suf 
Greenford Green Factory has also been recorded by Perkin: indust 

“Before the end of the year (1869) we had produced 1 ton of while 
this colouring matter in the form of paste; in 1870, 40 tons; decade 
and in 1871, 220 tons, and so on in increasing quantities year by blame 


There 
* The patents are, Oaro, Graebe, and Liebermann, No. 1936, of June 25, 1869, been 


and W. H. Perkin, No. 1948, of June 26, 1869. 
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year . . . up to the end of 1870 the Greenford Green Works were 
the only ones producing artificial alizarin. German manufacturers 
then began to make it, first in small and then in increasing quanti- 
ties, but until the end of 1873 there was scarcely any competition 
with our colouring matter in this country” (Hofmann Memorial 
Lecture, Trans., 1896, 69, 632). 

This brilliant achievement in technology again served to bring 
out the purely scientific spirit which animated all Perkin’s work. 
The chemical investigation of anthracene derivatives was carried 
on concurrently with the industrial development of the factory 
process, and also after his retirement, about a dozen papers on 
these compounds having been published between 1869 and 1880. 
The discovery of a practical process for the manufacture of alizarin 
thus led to the utilisation of another coal-tar hydrocarbon 
anthracene, which had up to that time been a waste product, and 
the methods for isolating and purifying this substance had, as in 
the case of benzene, etc., to be worked out in the factory. All 
the difficulties inseparable from large-scale operations with new 
materials were successfully surmounted by Perkin; the increasing 
demand for artificial alizarin taxed all the resources of the factory, 
and by 1873, when the necessity for introducing enlarged plant 
became imperative, advantage was taken of the opportunity for 
transferring the works to the firm of Brooke, Simpson, and Spiller, 
the successors to the firm of Simpson, Maule, and Nicholson, which 
had co-operated with Perkin in the early days of the mauve manu- 
facture. The later history of the works is referred to in the tech- 
nical portion of this notice. 

On completion of the sale of the Greenford Green Works in 1874, 
Perkin retired after eighteen years’ connexion with the industry. 
In view of the enormous development of this branch of manufac- 
ture in later times, it is of interest to recall the circumstance 
already mentioned that the whole output of the original factory, 
both in number and quantity of products, would appear quite 
trivial in comparison with that of one of the great German factories 
now in existence—a fact which only serves to emphasise the extra- 
ordinary fertility of the seed originally planted by Perkin, whose 
labours as a technologist led, as a practical issue, to the acquisition 
of sufficient means to enable him to withdraw altogether from the 
industrial side of chemistry at the comparatively early age of 36, 
while still in the prime of life. By many who have watched the 
decadence of the coal-tar colour industry in this country, he has been 
‘lamed for cutting himself so soon adrift from his own offspring. 
There is no doubt that the life of the industry here would have 
been prolonged if he had kept in touch with it, but it must not 
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be forgotten that at the time of his retirement he left things in 
a very flourishing condition. Other factories had developed into 
successful establishments, and Great Britain was well to the front 
in this branch of manufacture. Neither Perkin nor his contem. 
poraries could have foreseen in 1874 that our position would later 
be so successfully assailed by foreign competitors. To a man with 
his most moderate personal requirements, and with the ardour of 
the original investigator unquenched, the means of retirement— 
modest enough as compared with the fortunes accumulated by 
modern successful manufacturers—simply meant the opportunity 
of giving practical effect to that resolution concerning his mission 
as a research chemist which he had formed as a youth, which he 
had adhered to throughout his industrial career, and which it was 
his desire to carry out untrammelled by business distractions 
throughout the remainder of his working period.* Industry may, 
and no doubt did, lose by his decision, but science gained by thirty 
years of his activity from the period of his retirement down, 
practically, to the end of his life. 
The contributions to chemical science which proceeded from 
Perkin’s laboratory after 1874 have, to some extent, been referred 
to. After his connexion with the Greenford Green Factory had 
terminated, he had a new house built at Sudbury, converting the 
adjacent house in which he had previously resided into a labora- 
tory, and it was here that from 1875 he continued his investigations 
of those colouring matters with which his manufacturing experience in his 
had brought him into contact, such as mauveine, the anthracene in the 
derivatives, etc. In 1881 he first drew attention to a certain physical his ob 
property of some of the compounds which he had prepared, His * 
namely, their magnetic rotatory power, which observation diverted Profes 
his activity into an entirely new channel. On further development @ the 
in his hands this method became a powerful weapon in dealing & 
with questions of chemical constitutions, and the remainder of his salanion 
life was more or less devoted to its elaboration. As Perkin’s name 1906 - 
must always be intimately associated with this chapter of physical 
chemistry, it will be of interest to place upon record his earliest 
observation. In a paper entitled ‘On the Isomeric Acids obtained 
from Coumarin and the Ethers of Hydride of Salicyl” (Trans, 
1881, 39, 409), he describes the methyl ether of “ a-methylorthoxy- 
phenylacrylic acid,” which he had first prepared in 1877, and in 
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The great importance of original research has been one of the things I have in Relati 
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“A determination of its magnetic rotary power gave for the 
yellow ray 2°334, water being taken as 1. Test observations were 
made at the same time with water and carbon bisulphide, and gave 
results very nearly identical with those obtained by Becquerel” 
(Ann. Chim. Phys., 1877, [v], 12, 22; loc. cit., p. 411). 

It is not difficult to follow, at least conjecturally, the mental 
process by which Perkin was enabled to foresee that this property 
might be utilised for investigating the constitution or structure 
of chemical molecules, a subject which even at that time was 
beginning to bristle with difficulties and ambiguous results when 
handled by purely chemical methods. He had for precedent the 
success which had attended the study of other optical properties of 
organic compounds, such as ordinary (not induced) rotatory power, 
dispersion, refractivity, etc., and he threw himself seriously into 
this line of work, armed with the skill of an accomplished experi- 
menter, and with that true instinct as a chemist which enabled 
him to deal with his materials in such a manner that his results 
at once commanded complete confidence, in spite of the circum- 
stance that this kind of work was for him a totally new departure. 
Ia 1882 he published a preliminary paper on the application of this 
method, and a complete account in 1884.* 

From that time onwards the Chemical Society received and 
published constant instalments of his work, the fertility of the 
method being shown, not only by the long list of papers published 
in his own name, but also by the numerous observations recorded 
in the papers of other workers, to whose service his apparatus and 
his observational powers were frequently and ungrudgingly devoted. 
His achievements in this field are well summarised in a letter from 
Professor J. W. Briihl, of Heidelberg, himself one of the pioneers 
in the application of optical methods for the determination of 
chemical constitution, sent to the writer of this notice for trans- 
mission to Perkin on the occasion of the Jubilee celebration in 
1906: “ Availing yourself of the marvellous discovery of your great 
countryman, Michael Faraday, you undertook to investigate the 
relations between the chemical composition of bodies and their 
magnetic circular polarisation—that is to say, one of the general 
properties of all matter. Before you began work there was little, 
almost nothing, known of this subject, certainly nothing of practical 


* “On Rotatory Polarisation by Chemical Substances under Magnetic Influence,” 
Trans., 1882, 41, 330. ‘‘On the Magnetic Rotary Polarisation of Compounds 
in Relation to their Chemical Constitution ; with Observations on the Preparation 
and Relative Densities of the Bodies examined,” ibid., 1884, 45, 421. This last 
japer, which oceupies 60 pages of the volume, contains a full description of the 
‘pparatus and method of observation. 
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use to the chemist. You created a new branch of science, taught 
us how, from the magnetic rotation, conclusions can be drawn as 
to the chemical structure of bodies, and showed that the magnetic 
rotation allows us to draw comprehensive and certain conclusions 
as to the chemical constitution of substances, just as we may from 
another general physical property, viz., refraction and dispersion. 
And by showing that both these physical methods of investigation 
lead to completely harmonious results, you did essential service 
to both the branches of study, and also to chemistry, which they 
are destined to serve.” 

This last statement by Briihl, which relates to one of the most 
interesting results of the study of magnetic rotation, has reference 
to a development of Perkin’s work which brought him into associa- 
tion with the late John Hall Gladstone, the pioneer and leading 
authority in this country at that time on the relations between 
refractive and dispersive power and chemical constitution. The 
correspondence between the results arrived at by these two optical 
methods forms the subject of a joint paper by Gladstone and Perkin 
published in 1889.* Eighteen years later Perkin’s last paper, to 
which attaches the melancholy interest that it was read before the 
Chemical Society on April 18th, 1907, only a few months before 
his death, bears the title: “ The Magnetic Rotation of Hexatriene, 
CH,:CH-CH:CH:°CH:CH,, and its Relationship to Benzene ani 
other Aromatic Compounds: also its Refractive Power” (Trans. 
1907, 91, 806). 

Although, as already stated, the latter part of Perkin’s life was 
devoted mainly to his work on magnetic rotation, he published also MH actu, 
during this period a few papers relating to other subjects, among HH forme 
which perhaps the most notable is his contribution to the subject BH hor, 
of low temperature combustion, entitled ‘Some Observations on indep 
the Luminous Incomplete Combustion of Ether and other Organic the ti 
Bodies” (Trans., 1882, 41, 363). The writer of this notice well meat 
remembers the keen interest with which the experiments were fol- HH have { 
lowed in the darkened meeting-room of the Chemical Society at HJ a,  , 
Burlington House when this paper was read. In view of the & ynive, 


* **On the Correspondence between the Magnetic Rotation and the Refraction holdin 
and Dispersion of Light by Compounds containing Nitrogen,” Trans., 1889, 55, j™ 2 40 
750. The correspondence between Perkin and Gladstone during this period has Happi 
been placed at the disposal of the writer by Miss Gladstone. The letters are MJ coveric 
interesting as showing the extreme conscientiousness in every detail with which HJ as Cay 
Perkin carried out his work. The results are embodied in the above paper, and 4 
further contribution by Perkin was published two years later, under the title, ‘The * For 
Refractive Power of certain Organic Compounds at different Temperatures,” Proc., HJ 0. Fisch 
1891, 7, 115. In his later papers he dealt with refractivity as well as magnetit HJ group (n 
rotation (Trans., 1896, 69, 1; ibid., 1900, 77, 267, etc.). safranin 
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modern revival in the scientific study of the chemical mechanism 
of combustion, it is of importance that Perkin’s observations should 
not be allowed to fall into oblivion. 

It has been claimed in a previous part of this notice that Perkin’s 
entry into the domain of chemical industry was no real loss, but 
actually a gain to pure science. His published papers, considered 
in detail, show that his contributions to “ colour chemistry” are far 
outweighed by his work in other fields. In fact, the extension and 
completion of the investigation of the dyestuffs of his industrial 
period is due to other workers, and Perkin’s achievements in this 
direction are, on the whole, more of a technological than of an 
abstract scientific character, the constitution of most of the colour- 
ing matters having been subsequently worked out chiefly by the 
group of brilliant Continental investigators attracted by the success 
of the new industry, and stimulated by the rapid development in 
chemical theory then going on in Germany.* But although Perkin 
has overshadowed his own achievements as a “colour chemist” by 
his subsequent career, the whole success of his life, and the inestim- 
able gain which chemical science has derived from his labours, must 
he directly attributed to his industrial undertakings, for it may 
safely be asserted that had he not been rendered independent by 
the success of the Greenford Green Factory, he would never have 
found an opportunity for that continuous devotion to research 
which is so essential for the achievement of results of lasting value. 
Having determined in early life to adopt chemistry as a career, he 
would of necessity have been compelled to become either a manu- 
facturer or to have entered an educational establishment. In the 
former capacity he would, no doubt, have succeeded, but in any 
subordinate post he might have spent long years before acquiring 
independence. As a teacher his prospects of making a position at 
the time of his connexion with the Royal College of Chemistry were 
most slender. There were but very few posts which he could 
have filled; originality as an investigator was of minor importance 
as a qualification for the teaching profession, and the stamp of 
university training was generally considered absolutely essential for 
holding any important appointment in that profession. Perkin 
in any minor teaching post would have been lost to science. 
Happily the comparatively rapid financial success of his early dis- 
coveries placed him in that category which comprises such names 
as Cavendish, Herschel, Joule, Murchison, Spottiswoode, Lyell, and 


* For example, the constitution of mauveine was established broadly by 
0. Fischer and Hepp about 1890 ; that of the colouring matters of the rosaniline 
group (magenta, methyl-violet, etc.), by E. and O. Fischer, about 1878, and that of 
siranine about 1888 by Nietzki. 
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Darwin—representatives of that band of independent devotees of 
science who have more than any other class helped to maintain the 
prestige of this country. Truly may it be said that to a man of 
his temperament success as a manufacturer meant salvation as an 
original worker. 
Reviewing Perkin’s scientific work as a whole, its chief charac. 
teristic is its solidity. His mind was not of that order which 
readily entered into the region of speculation; he was a typical 
representative of that school of chemists to whom the conscientious 
accuracy of experimental facts is of primary importance—the 
school which has laid those solid foundations of chemical science 
upon which all superstructures of theory must be erected. It is 
for this reason that it may be predicted with certainty that his 
work will live in the history of modern chemistry whatever changes 
in theoretical conceptions the future may have in store. He himself 
witnessed with the progress of the science radical changes in the 
views of chemists concerning the mechanism of the reactions or 
the nature of the compounds which he had discovered. With true 
philosophic spirit he accepted the evidence of other workers and 
welcomed the legitimate development of his own discoveries. 
Whatever modification of theory may have been rendered neces- 
sary by the accumulated labours of the great and ever-growing 
army of investigators which he lived to see following the tracls 
which he had been the first to tread, it may be safely asserted 
that his own early footprints have been, and always will be, 
ineffaceable. 
Perkin was by disposition a man of extreme modesty and of a 
most retiring nature. His devotion to science and the domesticity 
of his character accounted so completely for his time that, beyond 
participating in the administrative work of the scientific societies 
with which he was connected, he took but little part in extraneous 
affairs. He was not particularly of a business turn of mind in 
the commercial sense, and during his industrial career his brother 
Thomas was the chief man of business connected with the factory. 
One line of work distinct from his purely scientific occupations is, 
however, worthy of special record, because it enabled him to exert 
some influence in the cause of technical and scientific education. 
His family had for a long period been connected with the Leather- 
sellers’ Company, and through this connexion he was enabled to 
promote the cause of chemical research and also to become, as 
the representative of his Company, a member of the governing 
body of the City and Guilds of London Institute, whose meetings 
he attended with considerable regularity, although, unless specially 
appealed to, he seldom took part in the discussions at the Council 
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table. But his influence in the City of London, although un- 
obtrusive, was of a most beneficial character, and every movement 
for the promotion of science and of scientific education was certain 
to receive his support. His special knowledge of the requirements 
of the chemical technologist and his sympathy with the teaching 
staffs have contributed in no small degree to promote the cause 
of sound chemical education in London through the City and 
Guilds Institute. As an illustration of the modesty of his 
character, it may be of interest to relate that many of his col- 
leagues in the City were unaware, until the Jubilee of 1906, that 
the William Perkin who sat at their meetings was the same man 
who, half a century before, had laid the foundations of a great 
industry. The following details concerning his connexion with the 
Leathersellers have been supplied by the late Mr. W. Arnold 
Hepburn, the Clerk to the Company: 


“William Henry Perkin, son of George Fowler Perkin, was 
made free by patrimony, November 13th, 1861. 

“George Fowler Perkin, son of Thomas Perkin, was made free 
by patrimony, February 4th, 1829. 

“Thomas Perkin, apprenticed to Isaac Roberts, March 16th, 
1772, was made free by servitude, July 7th, 1790. 

“William Henry Perkin served the office of Steward, 1881-2; 
4th Warden, 1885-6; second Warden, 1895-6; Master, 
1896-7. 

“During the Mastership of Dr. Perkin in 1896 the Company, 
at his instance, resolved to found a Research Fellowship 
in Chemistry as applied to Manufactures, tenable at the 
Central Technical College of the City and Guilds Institute, 
and to grant £150 a year in support thereof.” 


A portrait of Perkin in his robe as LL.D. of the University of 
St. Andrews, painted by Henry Grant in 1898, is on the wall 
at the Leathersellers’ Hall in St. Helen’s Place. 

Although his single-minded devotion to his researches and his 
retiring nature caused Perkin to remain in comparative obscurity 
from the point of view of the general public, his real worth was 
well known to, and received frequent recognition from, his 
scientific colleagues. In this respect his history is that of the 
majority of active workers in the field of science in this country 
who do not wield the pen as Jit/éra/curs, or whose achievements are 
not of a sufficiently startling kind to create public notoriety. With 
the passing of the generation which witnessed the interest aroused 
by the discovery of mauve, and which was fanned into temporary 
excitement by the sensational accounts circulated by the news- 
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papers of the period, the memory of Perkin faded from the public 
mind. To most of his fellow countrymen the memorable inter- 
national gathering in London in 1906 came as a revelation that 
they could claim as their compatriot the man whom all the nations 
had sent their representatives to honour as an individual, and in 
celebration of the fiftieth anniversary of the discovery of the first 
of the synthetic dyestuffs. 
Perkin was elected into the Royal Society in 1866; he served 
on the Council in 1879-81, and again in 1892-94. In 1893-94 he 
was made one of the Vice-Presidents. He joined the Chemical 
Society in 1856, served on the Council in 1861-62, and in 1868-69; 
was Secretary from 1869 to 1883, and President from 1883 to 
1885. By way of academic distinctions he received the degree of 
Ph.D. from the University of Wiirzburg in 1882; the degree of 
LL.D. from the University of St. Andrews in 1891; and was 
made a D.Sc. of Victoria University in 1904. In connexion with 
the Jubilee of 1906, the University of Heidelberg conferred upon 
him the degree of Ph.D., the Munich Technical High School awarded 
him the diploma of Dr. Ing., and the same year the Universities 
of Oxford and Leeds gave him the degree of D.Sc. During his 
subsequent visit to America in the autumn of 1906, in connexion 
with the celebrations organised in that country, he received the 
degree of D.Sc. from Columbia University, and LL.D. from the 
Johns Hopkins University, of Baltimore, the latter degree having 
been most appropriately conferred by his chemical colleague, 
President Ira Remsen. 
He was President of the Society of Chemical Industry in 
1884-85, at the time of his death was President of the Society of 
Dyers and Colourists,* and had recently accepted office as President 
of the Faraday Society. In 1884 he was made an Honorary Foreign 
Member of the German Chemical Society. Following the early 
recognition of his technological work by the “ Société Industrielle 
de Mulhouse,’ already referred to, he received from the Royal 
Society a Royal Medal in 1879, and the Davy Medal in 1889; from 
the Chemical Society the Longstaff Medal in 1888; from the 
Society of Arts the Albert Medal in 1890; from the Institution 
of Gas Engineers the Birmingham Medal in 1892, and the Gold 
* In honour of the founder of the industry this Society has established a Perkin 
Medal ‘‘for inventions of striking scientific or industrial merit, applicable to, or 
connected with, the tinctorial industries.” Perkin’s last official act in connexion 
with this Society was to accompany a deputation to the Dyers’ Company asking the 
latter to contribute towards the foundation of a prize for the encouragement of 


research in tinctorial chemistry. The American Memorial Committee also founded ; 
a Perkin medal for American chemists in 1906 in connexion with their Jubilee survl 
Celebration in New York. elects 
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Medal of the Society of Chemical Industry in 1898. At the Jubilee 
Celebration in 1906, Professor Emil Fischer, on behalf of the 
German Chemical Society, presented him with the Hofmann Medal, 
and Professor Haller, on behalf of the Chemical Society of Paris, 
with the Lavoisier Medal. 

The influence which Perkin has exerted upon this generation is 
not to be measured solely by his achievements in pure and applied 
chemistry. His life was noble in its simplicity, and his single- 
minded devotion to his work, combined with a character known to 
be religious in the highest and best sense of the term, will bequeath 
to posterity an enduring example of humility in the face of success 
which would have marred many men of smaller moral calibre. The 
financial success of his early manufacturing experience was turned 
to account simply as a means of advancing science, and no distinc- 
tion which he ever gained throughout a career which culminated 
in 1906, when the King conferred upon him the honour of Knight- 
hood, and when the nations of the world assembled to render him 
homage, had the slightest influence upon the modesty and gentleness 
of his disposition. It was his personality that caused him to be 
revered in his domestic circle, and to be beloved by all who enjoyed 
the privilege of his friendship. Two of the addresses presented at 
the Jubilee meeting in 1906 give striking expression to the 
universal esteem in which he was held as a man: 

“ But however highly your technical achievements be rated, those 
who have been intimately associated with you must feel that the 
example which you have set by your rectitude, as well as by your 
modesty and sincerity of purpose, is of chiefest value.” (From the 
address presented by the Chemical Society.) 

“You have given to science the allegiance of a noble life, and 
you have not allowed the seductions of wealth to abate the loyalty 
of your devotion to truth and knowledge. This is an example 
for which the age owes you unstinted thanks. .. . Amid these 
varied activities it is pleasant to know that you have cultivated the 
full humanity of life. Music and art have found in you a devoted 
disciple, and in the family and social relationship of life you have 
shown that science gives a truer interpretation of, and a deeper 
meaning to, all that is sacred and good in the heart of man.” (From 
the address presented by the Society of Dyers and Colourists.) 

Perkin was twice married, his first wife being a daughter of the 
late Mr. John Lisset; some years after her death he married the 
daughter of Mr. Herman Mollwo. Lady Perkin, three sons, all 
of whom have made their mark as chemists, and four daughters 
survive. Two of his sons, William Henry and Arthur George, were 
elected into the Royal Society in 1890 and 1906 respectively, and 
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it was always a source of great satisfaction to him to know that 
all his sons were following in his footsteps. In his general mode 
of life Perkin was a man of extreme frugality, robust and active 
to the last. To one of his retiring habits.the strain accompanying 
the Jubilee celebrations in 1906 and the subsequent ordeal of his 
American tour must have been considerable, but he bore all the 
excitement and fatigue without the least indication of discomfort. 
Literally he died in harness; a few months previously he had 
read his last paper before the Chemical Society, and he was 
looking forward to being able to resume his research work quietly 
and uninterruptedly after the distractions of 1906. The illness 
which brought his noble and useful life to an end, which, in view 
of his activity, cannot but be regarded as premature, did not at 
first reveal any serious symptoms. The writer of this notice was 
with him a few hours before his death, and although he complained 
of suffering pain he spoke hopefully of his condition and anticipated 
being soon able to leave his room. The illness proved, however, 
to be more serious than he or his family were aware of; a sudden 
change for the worse occurred, and on July 14th, 1907, he passed 
away in perfect peace and in the full tide of well-won honour. 
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TecuNnicaAL Aspects oF PerkIn’s Discovery oF MAvvE. inter 

In dealing with the technical development of Perkin’s discovery 0 
it is of interest to consider in the first place the state of affairs part 
with respect to the raw materials required for the. manufacture Of ¢] 
of mauve. These were benzene, nitrobenzene, and aniline. ‘ane 
Benzene was discovered by Michael Faraday, in 1825, as a com- with 


ponent of the liquid obtained by the compression of oil-gas. Twenty 
years later Hofmann found this hydrocarbon in coal-tar, and 
proved its presence by preparing from it nitrobenzene and aniline, 
the latter being identified by the usual tests. The occurrence of 
benzene in coal-tar was thus known in 1845, and in 1848 one of 
Hofmann’s brilliant young students at the Royal College of 
Chemistry, Charles Blachford Mansfield, at the instigation of his 
illustrious master, undertook a systematic study of coal-tar, with 
a view to the isolation and identification more especially of the 
“neutral liquid oils,’ of which he tells us in his paper published 
by the Chemical Society in 1849 we had at that time “ no precise 
information.” When Mansfield took up this work, a few definite 
compounds were known to exist in this tar, notably naphthalene, 
which had been isolated by Garden in 1820, and certain acid and 
basic substances, such as phenol (carbolic acid), aniline (kyanol), 
quinoline (leuco] or leucoline), and pyrrole, all of which had been which 
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isolated by Runge in 1834. Anthracene, under the name of “ para- 
naphthaline,” was isolated by Dumas and Laurent in 1833, although 
it is now known that their original analysis, which assigned to this 
hydrocarbon 15 atoms of carbon, was erroneous. Chrysene and 
pyrene had also been indicated, but only superficially studied by 
Laurent in 1837. To the basic constituents, picoline was added in 
1846 by Anderson. 

Such was the state of knowledge when Hofmann set Mansfield 
to work upon the coal-tar hydrocarbons. The paper embodying 
his results is entitled, “‘ Researches on Coal Tar. Part I.,” * and now, 
nearly sixty years after its publication, it can still be read with 
interest and profit. Its contents have become historic in connexion 
with the colour industry, and must rank with Runge’s celebrated 
papers of 1834 (Pogg. Annalen, 31, 65, 513; 32, 308, 328) among 
the most important contributions to tar chemistry that preceded 
the foundation of that industry. The still devised by Mansfield 
for fractionally distilling the tar oils embodied the “reflux” 
principle of our modern rectifying columns. In the way of definite 
products he isolated and characterised benzene with considerable 
precision; he found that it could be purified by fractional dis- 
tillation and by crystallisation at a low temperature. It is of 
interest to note in passing that the analysis of the hydrocarbon was 
made for him by Edward Chambers Nicholson, another of 
Hofmann’s pupils, who at a later period played a very conspicuous 
part in connexion with the coal-tar colour industry of this country. 
Of the higher boiling-point hydrocarbons, he also isolated toluene 
and two of the higher homologues, which he was inclined to identify 
with cumene and cymene respectively. It is now known that the 
fraction which he considered to be cumene was xylene, and it is 
very doubtful whether cymene is contained in coal-tar at all. There 
can be no doubt that he had not individual compounds to deal 
with in the case of these higher homologues, and it was evidently 
his intention to have continued the investigation in this direction, 
as the paper is entitled ‘“ Part I.” 

Unfortunately, the author never lived to complete his work. 
A few years after the publication of this first paper, he met with 
an accident through the ignition of some hydrocarbons which he 
was distilling, and was burnt so severely that he died in the thirty- 
fifth year of his age. The late Mr. Robert Holliday informed the 
writer some years ago that Mansfield was at that time carrying 
on experiments in London with coal-tar hydrocarbons for their 

* Quart. Journ. Chem. Soc., 1849,°1, 244. He gave a general account of his 
Work at a Friday evening discourse at the Royal Institution on April 27th, 1849, 
which was published as a brochure entitled, ‘‘ Benzole : its Nature and Utility.” 
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firm in Huddersfield. The fatal accident occurred in a laboratory 
in the east part of London on February 17th, 1855.* 

The total number of definite compounds actually known or 
suspected to be contained in coal-tar at the time of Mansfield’s 
work was thirteen. Of these four were only conjectured to be 
present, and one, as we know, had been wrongly identified with 
cumene. What Mansfield did was to show conclusively that benzene 
could be obtained if required in any quantity from coal-tar 
“naphtha,” that toluene was also a constituent of this naphtha, 
and that the higher homologues were there if wanted. There was 
something prophetic about this statement, which occurs in the intro- 
ductory portion of his paper: 

“Tt appears somewhat strange that, in this country, where coal- 
tar is so exceedingly plentiful, our chemists should have been con- 
tented with the discovery of naphthaline, and should have allowed 
others, less fortunate than ourselves in being able to command 
abundance of this almost national production, to inform 
us of the existence at our feet of vast quantities of aniline, of 
paranaphthaline (anthracene), and of other remarkable substances; 
and it appears, perhaps, no less singular that we should have failed 
as yet in applying them, when discovered, to the practical uses 
which they will no doubt some day claim.” 

Mansfield went further, however, than simply isolating an 
characterising benzene and toluene. In 1847 he described and 
patented a process for preparing nitrobenzene by the action of 
strong nitric acid (1°5 sp. gr.) upon benzene in glass or earthen- 
ware spiral tubes or other suitable form of apparatus cooled by im- 
mersion in water. Nitrobenzene must have been prepared in some 
quantity from coal-tar benzene about that time, since Hofmann, 
in whose work aniline played a very important part, refers to his 
having made this material by the reduction of nitrobenzene from 
this source. In his introductory remarks prefacing the volume 
of Reports of the Royal College of Chemistry (1849), which volume 
comprises Mansfield’s paper, Hofmann says with respect to this: 

“Nor is the sense of sight the only one which benzole promises 
to serve (referring to its use as an illuminant). By treatment with 
nitric acid the same volatile hydrocarbon yields a fragrant oil, the 


* Prof. A. H. Church, F.R.S., informs the writer that Mansfield was then pre- 
paring specimens of benzene and its homologues and derivatives for the French shinit 
International Exhibition. The accounts are not inconsistent ; he may have been ship- 
carrying on both lines of work, or Read Holliday’s specimens may have been in- —— 
tended for the Exhibition. Unfortunately, the chief figures in this misfortune have that 
all passed away. An obituary notice was published by the Chemical Society in * It 
1855; Quart. Journ., 8, 110. 
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odour of which is not to be distinguished from that of oil of 
bitter almonds; so that this perfume may now be procured from 
coal-tar in tons, if required, with the greatest facility and at a 
trifling cost.”” Asa matter of fact, nitrobenzene, under the name 
of “essence de mirbane,” had been introduced into commerce by 
C. Coilas, of Paris, as a substitute for bitter almond oil, and was 
chiefly used for scenting soap, but this limited application of a tar 
product, although interesting historically, was practically of no 
importance from the industrial point of view. According to Bolley 
(Handbuch der Chemischen Technologie, Vol. V., Part II., p. 257, 
1870), Collas must be credited with the use of a mixture of nitric 
and sulphuric acids, the modern process for nitrating benzene, 
although, for reasons not now obvious, he specifies the use of the 
“monohydrated ” nitric acid.* 

The “practical uses” which Mansfield had predicted for the 
coal-tar hydrocarbons began seriously in 1856 with Perkin’s dis- 
covery of mauve, and the establishment of the Greenford Green 
factory in 1857 for the manufacture of this first of the coal-tar 
colouring matters. It must not be imagined that no use for coal- 
tar had been found up to that date. Tar distilling as an industry 
was carried on extensively, but the products were entirely applied 
to what may be described as coarse uses, such as timber preserving, 
an industry which had been founded by Bethell in 1838, and which 
led to a large consumption of the “creosoting” oils. The 
“naphtha ”’ also was used as a solvent or for burning in lamps, 
and the pitch for coating surfaces of wood or metal which required 
protecting from corroding influences. It is interesting from the 
historical point of view to read in “ A Journey through England 
and Scotland to the Hebrides in 1784,” by a distinguished French 
author, Faujas de Saint Fond, of which a revised translation has 
recently been given by Sir Archibald Geikie (Glasgow: Hugh 
Hopkins, 1907), the following statement relating to the use of the 
crude tar for coating ships: 

“The harbour of Leith, when we entered it, was full of vessels, 
English, Scottish, American, ete. I saw several vessels belonging 
to Glasgow and Leith which were coated over with bitumen or tar, 
extracted from pit coal at the manufactories of Lord Dundonald, 
who has introduced the making and using of this tar on a great 
scale in England. The vessels covered with it appeared of a fine 
shining black, which distinguished them from the others. Several 
ship-masters from the West Indies whom I questioned assured me 
that their vessels thus tarred arrived in the best possible condi- 


* It is possible that he had in mind the old view of an acid as a combination of 
iu *‘acid oxide ’’ with water, that is, nitric acid as N.O;+H,O. 
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tion, and were free from worm-holes. Navigation is doubtless 
much indebted to Lord Dundonald, who has continued with the 
greatest perseverance to perfect this useful product of coal, and 
has done everything to bring it into general use in the country— 
no easy task when it involves the change of old habits.” (Vol. IT, 
pp. 220-221.) 

Even at the time of Mansfield’s work no coal-tar hydrocarbon 
had been utilised as a source of other chemical compounds, tinctoria] 
or otherwise, and he himself, in describing the practical applica- 
tions of benzene, refers only to its use as a solvent or an illuminant. 
Perkin’s discovery thus created a demand for this hydrocarbon 
as a raw material in a new industry on a scale never before contem- 
plated. Mansfield’s experiments had prepared the way, but there 
had been no demand for benzene, and the tar distillers could not at 
first supply it in quantity or in a sufficient state of purity. It is of 
interest to know that the first supply of this material used by 
Perkin came from the Scotch tar distillery of Messrs. Miller and 
Co., of Glasgow. 

Then came the difficulties connected with the nitration and the 
reduction of the nitrobenzene to aniline. Here, again, Mansfield 
had played the part of a pioneer, but his process was impracticable 
on the scale now required. Moreover, it was too costly, for it must 
be borne in mind that the new dye had to compete with the existing 
vegetable colouring matters, and on June 12th, 1856, Messrs. Pullar, 
of Perth, who had been testing the dyeing properties of mauve, 
had reported to Perkin that the discovery was a valuable one pro- 
vided it did not ‘make the goods too expensive.” It is needless 
to say that nitric acid of the strength used by Mansfield would 
would have been a very costly material in 1856. In fact, nitric 
acid of sufficient strength to nitrate benzene could not be obtained 
in quantity at that period, and Perkin had to devise apparatus 
for nitrating with a mixture of sulphuric acid and sodium nitrate. 
His resourcefulness is well revealed by this passage quoted from 
his Hofmann Memorial Lecture in 1896: “At this time neither I 
nor my friends had seen the inside of a chemical works, and 
whatever knowledge I had was obtained from books. This, how- 
ever, was not so serious a drawback as at first it might appear 
to be, as the kind of apparatus required, and the character of the 
operations to be performed, were so entirely different from any in 
use that there was but little to copy from. 

“In commencing this manufacture it was absolutely necessary 
to proceed tentatively, as most of the operations required new 
kinds of apparatus to be devised and tried before more could be 
ordered to carry out the work on any scale.”’ (Trans., 1896, 69, 606.) 
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After the manufacture of mauve had been started, the demand 
for the new dyestuff increased to such an extent that the resources 
of the Greenford factory were taxed to their utmost, and the 
assistance of another firm had to be called in for supplying raw 
materials. That firm was Simpson, Maule, and Nicholson, whose 
factory was at Locksfields, in the south of London. The Nicholson 
of the firm was that pupil of Hofmann’s already referred to as 
having been a co-worker with Mansfield, and, under his energetic 
management, they not only supplied the firm of Perkin and Sons 
with some of the raw materials required, but later they also 
entered the colour industry, and in 1865 established the Atlas 
Works at Hackney Wick, the firm being transferred in 1868 to 
Messrs. Brooke, Simpson, and Spiller. Mr. William Spiller, 
formerly of this latter firm, has told the writer that he well re- 
members the early stages in the manufacture of nitrobenzene by 
their predecessors at Locksfields, where he was then working in 
association with the late Mr. E. C. Nicholson. The nitration was 
carried out in large glass “ boltheads” arranged in series, as they 
had not then discovered that cast-iron vessels could be used. The 
scale of working was quite small as compared with the modern out- 
put from a large nitrating still, and they experienced the difficulty 
referred to by Perkin of obtaining a supply of pure benzene. The 
operation also was somewhat capricious, owing to the want of 
uniformity in the quality of the commercial “ benzole,”’ and to the 
absence of mechanical stirring. The cheapening of the process by 
the introduction of cast-iron stills with mechanical stirring gear 
did not take place until some time after the manufacture of mauve 
had been commenced in 1857. The plant in use was described and 
figured by Perkin in his Cantor Lectures, delivered before the 
Society of Arts in 1868, and has since been refigured in many works 
on technology, as it is practically the same in principle as that 
now generally in use.* 

The next step, the reduction to aniline, had also to be worked 
out on the manufacturing scale. The laboratory method then 
generally in use was Zinin’s, namely, hydrogen sulphide in presence 
of ammonia, a process obviously impracticable on the large scale. 
The use of metals, such as tin or zinc, in combination with acids, 
would have been both costly and unmanageable. Fortunately, 
however, Béchamp, in 1854, had found that iron and acetic acid 

* A workman, James Underwood, in the employment of Simpson, Maule, and 
Nicholson, at Locksfields, during the early years of the colour industry, also 
remembers this manufacture of nitrobenzene in boltheads and the development to 
cast-iron stills. This last improvement is generally attributed to E. C. Nicholson. 
A figure of the earliest form of (horizontal) still is given by Perkin in his Cantor 
Lectures above referred to. 
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could be used for reducing nitro-compounds, and Perkin, who had 
been familiarised with this process in Hofmann’s laboratory, 
applied it successfully for the manufacture of aniline.* That this 
was a task of considerable difficulty can be readily understood by 
those who are familiar with the violence of such “reducing” pro- 
cesses, unless properly controlled. It is, in fact, known that at 
first serious attempts were made to extract the minute quantity 
of aniline contained in the coal-tar oils directly by acid washing— 
a process which, it is needless to say, had soon to be abandoned 
on account of its cost and the impure state of the product. In the 
manufacture of aniline from nitrobenzene, the firm of Simpson, 
Maule, and Nicholson also co-operated with Perkin and Sons, and 
Mr. William Spiller has given the writer a graphic description of 
their early work at Locksfields when starting this branch of the 
industry. The reduction was carried out in iron vessels with remov- 
able still-heads, the vessel being at first uncovered, and the materials, 
nitrobenzene, iron turnings, and acetic acid, simply stirred up by 
a rod until the reaction showed signs of starting. The still-head 
was then immediately clapped on, and a workman mounted guard 
with water-hose ready to play over the still if the contents gave 
signs of boiling too violently. The cost of the acetic acid was a 
considerable item at that time, and they had to make their own 
acid by heating sodium acetate with sulphuric acid. It was soor 
found that hydrochloric acid could be used instead of acetic acid, 
and the introduction of stills with mechanical stirrers put this 
branch of the manufacture on a sure basis. It is perhaps hardly 
necessary to point out that the “aniline” of that period was a 
mixture of homologues, and very impure from the modern point of 
view. 

And so the manufacture of the first of the “synthetic dyestuffs ” 
was started at Greenford Green towards the end of the year 1857, 
and the genius of the founder had ample scope for exercise. Let it 
be borne in mind that the raw product obtained by oxidising crude 
aniline with sulphuric acid and potassium dichromate was what 
would now be called a “resinous mess.” Processes for its purifica- 
tion had to be devised, and here again the resourcefulness of 
Perkin becomes manifest. With that true scientific spirit which 
dominated all his work, the investigation of his products and 
processes was always kept going. At first the crude product was 
collected on filters and washed with water to remove excess of 
aniline sulphate, then dried and powdered, and extracted with coal- 
tar “naphtha” until free from resinous impurities, then dried 


* “Had it not been for this discovery the coal-tar colour industry could not have 
been started.”—W. H. Perkin, Hofmann Memorial Lecture, loc. cit., p. 607. 
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again and extracted with methylated spirit, and the filtered solution 
distilled until the dyestuff separated out. This method of purifica- 
tion was afterwards improved and cheapened by the omission of 
the naphtha treatment, as it was found that dilute methylated 
spirit extracted the colouring matter directly, and left the resin 
undissolved. The process was finally simplified by boiling out the 
colouring matter with water alone, and precipitating with an alkali 
so as to obtain the free base, which was then converted into acetate 
for use by the dyers. 

The discovery and manufacture of mauve, with its train of 
consequences, must be regarded as constituting but a portion of 
Perkin’s claim to our gratitude. In starting upon this work he 
had, against the advice of his illustrious master, Hofmann, broken 
away from the path of pure science and entered a field in which 
he was a novice. His whole future was bound up with the success 
of the undertaking, for his father had placed nearly his entire 
capital in the venture in order to establish the factory at Green- 
ford Green. There was evidently something more to be done 
besides placing the new dyestuff on the market. The dyers and 
printers had to be convinced of its merits and taught how to use 
it. This task, by no means a light one, had also to be undertaken 
by Perkin, who, up to that time, had never been brought into 
contact with the tinctorial industries. It has frequently been 
mentioned that Messrs. Pullar, of Perth, were the first to give 
encouragement to the young inventor so far as concerned the dyeing 
properties of mauve. At their instigation it was tried for silk 
dyeing by Thomas Keith, silk dyer, of Bethnal Green, London, 
and he also reported favourably. But, as is generally the case 
with new departures, the step from the experimental to the prac- 
tical scale was not made without encountering difficulties. It was 
found that on the large scale the dye “took on” unevenly, and 
caused a patchy appearance, so that a restraining material had to 
be added to the bath. The use of the soap bath for silk dyeing 
was the outcome of Perkin’s association with a practical dyer, and 
Keith’s dyehouse was the first in which mauve was used on the 
industrial scale. 

Then with respect to wool and cotton dyeing, the same pioneer- 
ing work had to be done. Perkin has told us that he and Mr. 
(now Sir) Robert Pullar had independently discovered the use of 
tannin and a metallic oxide as a mordant for cotton dyeing, and, 
in conjunction with Alexander Schultz, he had introduced the 
“insoluble arsenite of alumina’’ as a mordant. The calico printers 
in this country did not at first take kindly to the new colouring 
matter, and Perkin has often told the writer that the impetus to 
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this most important application of his discovery came from France. wate 
It appears that, owing to some technical oversight, the French diox: 
patent was ineffective, and the French manufacturers accordingly Nich 
began making the new dyestuff themselves. It was in France, in § Star! 
fact, that the term “ mauve” was given. With the well-known § need 
skill of the French calico printers, beautiful designs in mauve were inver 
produced and sent over to this country, and this was more effec. matt 
tive than any other cause in hastening the use of the dye for this comp 
purpose over here. Had it not been for this stimulus the success’ yield 
of the new factory would have been doubtful, for Messrs. Pullar oxidi 
had reported to Perkin that, in their opinion, unless the new cost { 
dye could be used by the printers it would be questionable whether § whicl 
“it would be wise to erect works for the quantity dyers alone will § not b 
require.” * In summing up this part of his experience Perkin Th 


stated in 1896: this x 

“Before the aniline purple could be introduced for dyeing § furth 
woollen and mixed fabrics, some weeks were also spent at Bradford § ment 
in finding out suitable methods of applying it. operat 


“Thus it will be seen that, in the case of this new colouring JJ any f 
matter, not only had the difficulties incident to its manufacture to [J acvi 
be grappled with, and the prejudices of the consumer overcome, § Mage1 
but, owing to the fact that it belonged to a new class of dyestufis, 1859, 
a large amount of time had to be devoted to the study of its @ to ma 
applications to dyeing, calico printing, etc. It was, in fact, all as we 
pioneering work—clearing the road, as it were, for the introduction develo 
of all colouring matters which followed, all the processes worked nation 
out for dyeing silk, cotton, and wool, and also for calico printing, § ‘iscow 
afterwards proving suitable for magenta, Hofmann Violet, etc.” which 
(Hofmann Memorial Lecture, /oc. cit., p. 609.) isolate: 

The success of the new industry had for its natural consequence sisted ¢ 
the creation of a host of imitators. All kinds of oxidising agents ff bition 


were tried upon aniline and made the subjects of rival patents. of mag 
The departure from the original patent was in some cases so slight lecture 
that it is questionable whether in modern patent legislation the price ¢ 
inventor’s claim would not be dismissed as a “ colourable imita- cireum 


tion.” Tabourin and Franc Bros. claimed aniline hydrochloride price a 
instead of sulphate; Beale and Kirkham in England, as well as @ "agent 
Scheurer-Kestner, Depouilly and Lauth, Coblentz, and C. Phillips the ace 
in France, claimed bleaching powder; Smith claimed chlorine § the | 
The 

* “| distinctly remember the first time I induced a calico printer to make trials 
of this colour that the only report I obtained was that it was too dear, and it was 
not until nearly two years afterwards, when French printers put aniline purple into 
their patterns, that it began to interest English printers.” — Perkin’s Cantor Lectures, 
Society of Arts, December 7th, 1868, p. 9. 
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water, Greville Williams potassium permanganate, Kay manganese 
dioxide, David Price (attached to the firm of Simpson, Maule, and 
Nicholson) claimed lead peroxide, Dale and Caro cupric chloride, 
Stark and Guyot red prussiate of potash, and so forth. It is 
needless to point out that many of the products obtained by these 
inventors could not have been Perkin’s mauve at all, and, as a 
matter of fact, not one of these rival processes was enabled to 
compete successfully with the original “ bichromate” method. The 
yield was too small or the colour too difficult to purify, or the 
oxidising agent too expensive, although at that time the bichromate 
cost from 10d. to 11d. per pound. The only one of these processes 
which gave a good result was Dale and Caro’s, but even this could 
not be worked so economically as the original process. 

The introduction of mauve by the founder of, and pioneer in, 
this new development in manufacturing chemistry soon led to the 
further discovery of coal-tar colouring matters and to the establish- 
ment of other factories. For about a decade the manufacturing 
operations at Greenford were carried on successfully, and without 
any fresh discovery of very great importance, although Perkin’s 
activity in the field of pure scientific investigation never ceased. 
Magenta was first made industrially by Verguin, in France, in 
1859, and the firm of Simpson, Maule, and Nicholson soon began 
to manufacture this on the large scale by the arsenic acid process 
as well as other well-known colouring matters. Such was the 
development of the industry that, in 1862, the year of the Inter- 
national Exhibition in London, Hofmann gave a Friday evening 
discourse at the Royal Institution (Chem. News, 6, 90), from 
which it appears that the definite compounds which had been 
isolated from coal-tar, and which in Mansfield’s list of 1848 con- 
sisted of thirteen, had then risen to about forty. It was for that Exhi- 
bition that Messrs. Simpson, Maule, and Nicholson prepared a crown 
oi magenta crystals (acetate), which Hofmann exhibited during his 
lecture, the title of which was “‘ Mauve and Magenta.” The selling 
price of the new dyes at that time may be gathered from the 
arcumstance that the purified solid mauve sold for about the same 
price as platinum, weight for weight, and the vat from which the 
magenta “crown” had been crystallised contained a weight of 
the acetate of that base valued at £8,000, the crystals adhering 
to the wire framework of the crown being valued at £100.* 

The discovery and manufacture of magenta was undoubtedly, 


* Some of the original crystals are now in the possession of Mr. William Spiller. 
A trade catalogue of the firm of Simpson, Maule, and Nicholson, placed at the 
"iter's disposal by Dr. Cain, shows that in 1866 ‘‘ Pure Roseine” was priced at 
4, 6d. per ounce. 
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after the production of mauve, the most important contribution to 
the industry made during the decade referred to. This discovery 
did not at first affect Perkin’s operations; mauve still held its 
own, and in 1859 Perkin’s brother Thomas, the business man of 
the establishment, patented on behalf of the firm a process for 
making magenta by oxidising crude aniline with mercuric nitrate.* 
This was an improvement upon the original stannic chloride process 
of Verguin, but it was dangerous, capricious, and expensive, and 
was very soon displaced by Medlock’s arsenic acid process worked 
by Simpson, Maule, and Nicholson, and also, as the result of a 
celebrated lawsuit, by Messrs. Read Holliday and Sons, of Hudders. 
field. But although Perkin and Sons never made magenta in any 
quantity, the introduction of this dyestuff led to new and necessary 
developments in their factory. About five years after the founda. 
tion of the Greenford works, Hofmann, who had then enthusiastic. 
ally entered the field of colour chemistry, found that magenta § |; }) 
when ethylated or methylated gave rise to violet colouring matters, thou 
the manufacture of which was at once taken up by Simpson, Maule, 
and Nicholson.t Hofmann’s Violets and certain phenylated ros- 
anilines, discovered about the same time by Girard and De decor 
Laire, in France, and made here also by Simpson, Maule, and ts ch 
Nicholson, soon began to enter into competition with mauve. althor 
It has not, I think, been sufficiently dwelt upon by any of the 
historians of the coal-tar colour industry that Perkin’s pioneering & (tho, 
discovery reacted upon itself, for there can be no doubt that the agent 
production of aniline on the large scale led to the discovery of & yiojo 
processes for the manufacture of magenta, and it was the deriva- Aft 
tives of the latter that first began seriously to displace mauve. & facto, 
The discovery by Lauth of colouring matters, such as methyl-violet, Bf Violet 
formed by the oxidation of the alkylated anilines and manufac @ , pew 
tured in France about 1866, brought into the field other com HH iyat , 
petitors with the original mauve. The newer dyes were not s0 M& jji747; 
fast as mauve, but they were much more brilliant, and fastness of the 
soon gave way to brightness. The practical effect of these later HH hoon 
developments made itself felt in the gradual decline in the demand 
for mauve, the use of which soon became very limited, and finally 
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* “Das Zinnchlorid wird durch das Quecksilbernitrat ersetzt, mit dem die JJ accom} 
Fabrikation auch in Deutschland ihre ersten, kraftigen Wurzeln fasst.”—H. Caro,  inatter 
Ber., 1892, 25, 1031. The 

+ The manufacture of methyl and ethyl iodide on the large scale was a remark- 
able achievement at the time. When the writer entered the Atlas Works, in 1877, : 
the Hofmann Violets were still being manufactured, and the use of these colouring jm /0N€e! 
matters by English dyers continued for more than twenty years after that date. The J “ured, 
violet is priced in the 1866 catalogue of Simpson, Maule, and Nicholson at 3s. per MJ taw ar 
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died out altogether. As a flourishing branch of the colour industry 
it may be said that mauve did not complete ten years of its exist- 
ence. But Perkin was enabled to keep the Greenford works going 
successfully in spite of the adverse influence of the new discoveries 
and the coming into existence of other factories. He introduced, 
in 1864, a very ingenious method for the indirect alkylation of 
magenta, which enabled their firm to compete with the other violet 
colouring matters then in the market. This method consisted in 
heating magenta base with methylated spirit—afterwards improved 
by substituting methyl alcohol—and the compound formed from 
turpentine oil and bromine in the presence of water. This 
“brominated turpentine’’ had long been known to chemists, and 
had been investigated by Greville Williams, but had never before 
been used for manufacturing purposes. The dyes thus made were 
introduced under the name of Britannia Violet of different shades 
of blueness, according to the degree of alkylation. It was at first 
thought that they contained the terpene radicle, although it was 
afterwards considered that they were of the same type if not 
identical with the Hofmann Violets, so that Perkin had really 
discovered an indirect method of methylation of a type unknown 
in chemistry at that time. Perkin’s process was very successful, 
although they were handicapped by having to purchase magenta 
base, which they did not themselves manufacture. But, on the 
other hand, brominated turpentine was cheaper as an alkylating 
agent than the methyl iodide used in the manyfacture of Hofmann 
Violets. 

After eleven years’ successful working at the Greenford Green 
factory with mauve and certain of its derivatives, the Britannia 
Violets, and a few other dyes which are given in the list on p. 2253, 
anew impetus suddenly came through the announcement, in 1868, 
that Graebe and Liebermann, in Germany, had discovered that 
alzarin, the colouring matter of the madder plant, was a derivative 
of the coal-tar hydrocarbon, anthracene, and not, as had formerly 
been supposed, a derivative of naphthalene. The German 
chemists, both of whom are happily still with us, found also that 
the compound could be prepared from anthracene, and thus was 
accomplished the first laboratory synthesis of a natural colouring 
inatter. 

The demand for another coal-tar hydrocarbon, anthracene, in 
large quantities and in a state of purity, necessitated further 
pioneering work. Supplies of the crude material had to be pyo- 
cured, the tar distillers had to be educated in the production of 
taw anthracene, and factory methods of purification had te be 
devised. All these requirements were met by the science and 
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skill of Perkin, then a young man just turned thirty years of age. 
The subsequent development of the artificial alizarin industry is 
too well known to need recapitulation in this notice. But there 
is one point in connexion with Perkin’s work in this field which 
must not be forgotten, and that is the great importance of the 
dichloroanthracene process in this country at the outset of the 
new branch of the coal-tar colour industry. 

The two processes discovered by Perkin were the anthraquinone 
process and the dichloroanthracene process. In the first of these 
the anthracene is oxidised to anthraquinone, the latter sulpho- 
nated by heating with strong sulphuric acid to a high temperature, 
and the sodium sulphonate converted into alizarin by alkaline 
fusion. The sulphonation by this process yields a mixture of mono- 
and di-sulphonic acids, and the final product is therefore a mixture 
consisting of alizarin, anthrapurpurin, and some flavopurpurin. 
This was the process first tried on the large scale by Perkin, as 
well as by the German manufacturers. The second process, which 
was patented here by Perkin a few months after the patenting 
of the anthraquinone process, namely, in November, 1869, sets 
out from dichloroanthracene, which is sulphonated by ordinary 
strong sulphuric acid and the product submitted to alkaline fusion 
as before. Now dichloroanthracene sulphonates more readily than 
anthraquinone, and as the product consists chiefly of a disulphonic 
acid of anthraquinone, the “artificial alizarin” obtained by tais 
process consists mainly of anthrapurpurin with some alizarin and 
flavopurpurin. Alizarin gives bluer shades of colour than anthra- 
purpurin, so that although for certain purposes where bright red 
was required the mixture obtained by Perkin’s second process 
possessed an advantage, for the production of the bluer reds the 
anthraquinone product had the advantage. Perkin met this diff- 
culty to some extent by devising a method for separating his 
“alizarin”’ into “blue shade” and “scarlet shade,’ but this 
method was not easy to carry out on the large scale, and added 
to the cost of the final: products. 

For the first few years the Badische Company, which had 
acquired the Caro-Graebe-Liebermann patent, worked by mutual 
arrangement in combination with the Greenford Green factory, 
the latter having the monopoly of the English markets.* The "iy 
Germans were using the anthraquinone process almost exclusively, a 
this being the method still in use. When ordinary English ol @ [ma 
of vitriol is used for sulphonating, a great excess of acid is neces J tratior 
sary, and there is much loss owing to the high temperature, s0 @ Lieber 

* The amicable arrangement between the German and English manufacturers was ig 


brought about through the mediation of Dr. Hugo Miiller, F.R.S. genera 
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that the dichloroanthracene process from this point of view had 
the advantage. Moreover, when anthrapurpurin was the main 
object of manufacture, it was found that the product obtained by 
the dichloroanthracene process gave much purer shades than that 
obtained by the anthraquinone process.* It would have naturally 
occurred to Perkin in working out this last process to try fuming 
sulphuric acid as a sulphonating agent, and he did so with success, 
but this method, although giving better results in the way of 
yield and uniformity of product, was placed at a disadvantage here 
on account of the cost of the fuming acid. The advantages arising 
from this method of sulphonating are an increased yield on account 
of the lower temperature at which the acid does its work, and a 
product which consists mainly of the monosulphonie acid, and which 
therefore gives chiefly the true “ alizarin”’ on alkaline fusion. Now 
Germany was, at that time, the only country in which the manu- 
facture of fuming sulphuric acid was carried on, and this gave 
them a distinct advantage in working the anthraquinone process. 
Perkin has called attention more than once to the state of affairs in 
this country during the early life of the artificial alizarin industry, 
and his own statements may be quoted here: 

“On account of the expense and difficulty in getting Nordhausen 
sulphuric acid imported into this country—few vessels liking it 
as a cargo—we commenced working with ordinary sulphuric acid. 
We usually employed four or five parts of this to each part of 
anthraquinone and heated the mixture to 270—280° C. . . . I find 
we employed this process principally in our works until the middle 
of June, 1870. We then began to work on a larger scale than we 
had hitherto done with dichloroanthracene, and carried both pro- 
cesses on for a time, but finding the latter the most economical, 
partially on account of the ease with which it yielded the sulpho- 
acids with ordinary sulphuric acid, we employed it almost exclu- 
sively after a time, although frequently making colouring matter 
by the other method. 

“The large quantity of ordinary sulphuric acid which had to 
be employed to convert anthraquinone into the sulpho-acids, and 
the high temperature which had to be used, causing a certain 


* Perkin, The History of Alizarin, d&c., 1879, p. 26. Dr. Caro informs the writer 
that since 1870 the Badische Co. employed also the dichloroanthracene process for the 
manufacture of a special kind of ‘‘alizarin,” consisting cliiefly of anthrapurpurin. 
It may be pointed out, also, that, owing to some peculiarity in the internal adminis- 
tration of the German Patent Laws at that time, the rights of Caro, Graebe, and 
Liebermann could not be secured in certain States, and so other manufacturers took 
up the artificial alizarin industry and entered into competition with the Badische 
Co. So far as the writer has been able to learn, the anthraquinone process was 
generally employed. 
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amount of destruction to take place, evidently showed that it was 
desirable to employ fuming sulphuric acid in this process. In this 
country we found it costly, but as it was more readily procurable 
in Germany, the manufacturers there used it. They were after. 
wards supplied with a very strong fuming acid from Bohemia, con- 
taining about 40 per cent. of sulphuric anhydride.” (The History 
of Alizarin, etc., 1879, pp. 24-25.*) 

The same statement was repeated in substantially identical terms 
in 1896. Referring to the loss of anthraquinone when ordinary 
sulphuric acid is used, he says: “The means of overcoming this 
difficulty was to use fuming sulphuric acid, with which anthra- 
quinone combined at a much lower temperature, but the only acid 
of the kind then made was the old-fashioned Nordhausen acid. 
We imported a quantity of this, and, of course, found it to work 
satisfactorily, but the difficulties and expense connected with the 
carriage and transport of this substance on account of its dangerous 
nature—supplied as it then was in large earthenware bottles—made 
it unsuitable for use in this country. 

“The artificial alizarin we first made was produced by the 
anthraquinone process, the method still used for its manufacture, 
but the difficulty in preparing the sulphonic acid in those early 
days just referred to caused us to turn our attention to the secord 
process I had discovered, in which dichloroanthracene was used. .. . 
Without this process the manufacture of artificial alizarin in this 
country could not have been carried on with much success in the 
early days of its manufacture.’”’ (Hofmann Memorial Lecture, Joc. 
cit., p. 631.) 

The “contact,” or “catalytic,” process for producing sulphuric 
anhydride, introduced about the same time in this country by 
Messrs. Chapman, Messel and Co., and in Germany by the late 
C. Winkler, dates from 1875, so that Perkin’s share in the founding 
of this great industry does not consist only in his having given 
us the practical methods for realising Graebe and Liebermann’s 
synthesis in the factory, but in having devised a process which, 
so to speak, enabled the new industry to be nursed through its 
infancy in this country and without which it would probably not 
have survived that Continental competition which, as Perkin has 
told us, first began to make itself seriously felt about the end of 
1873 (History of Alizarin, etc., 1879, p. 31). By that 
time it was fully realised that a complete revision of the 


* The use of Nordhausen acid for the anthraquinone process in Germany began 
about 1871; the introduction of the stronger acid referred to by Perkin in the above 
passage is generally attributed to Koch in-1873. Dr. Caro informs the writer that he 
has been unable to find the authority for this statement. 
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plant at Greenford Green had become necessary. It required 
enlarging and modifying in order to meet the successful competi— 
tion arising from the development of the anthraquinone process in 
Germany, and a considerable expenditure of capital would have 
been necessary to carry out this work. But Perkin, whose ambition 
it had always been to be able to devote himself to pure science, 
and whose personal requirements were extremely modest, found 
that his manufacturing career had by then provided him with 
suficient means to enable him to retire, and, rather than incur 
the responsibility of making a fresh start, he took advantage of 
the opportunity for withdrawing altogether from the industry. His 
career as a manufacturer terminated in 1874, the Greenford Green 
works having then been purchased by Messrs. Brooke, Simpson, 
and Spiller, which firm, soon afterwards, transferred them to 
Messrs. Burt, Bolton, and Haywood, who shifted the manufacture 
from Greenford Green to Silvertown, and ultimately from this 
firm the “ British Alizarine Company”’ was developed, and is still 
at work. Perkin always wished it to be known that he considered 
the Silvertown works as the lineal descendant of the first coal- 
tar colour factory. 

This sketch of the founding of the coal-tar colour industry is 
necessarily limited to the history of the Greenford Green factory. 
These works would now appear quite insignificant in comparison 
with one of the great German establishments, and the whole out- 
put of dyes during the seventeen years that Perkin was connected 
with them was not very great as measured by modern standards. 
Nevertheless, it may fairly be said that no single factory estab- 
lished in this country has ever given rise to such world-wide 
developments, both scientific and industrial. When it fell to the 'p 
writer’s lot to take part in the organisation of the jubilee celebra- 
tion of 1906, it appeared desirable to place upon record the com- 
plete history of the Greenford Green factory as a colour-making 2, 
establishment, and Sir Wm. Perkin was good enough to prepare : 
the following list : a 


Toe Propucts MANUFACTURED AT GREENFORD GREEN, 1857-1873. 


Mauve.—Large quantities manufactured. 

Dahlia.—Ethylmauveine, C,,H,;(C,H;)N,,HCl. Made about the 
same time as Hofmann’s Violet [1863]. The colour was much 
admired, but being very expensive was not largely used (Journ. 
Chem. Soc., 1879, 35, 399). 

Aniline Pink.—First found in washings from mauve, afterwards 
produced by oxidising mauve with lead peroxide. It is para- 
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safranine. Made about the same time as Dahlia (Journ. Chem. Soc. 9 4 ¢ 
1879, 35, 407). The researches were made many years before labe 
publication. ind: 

Magenta.—Prepared by a mercuric nitrate under a patent in ind 
my name; a communication from abroad. It was first obtained B 
in crystals in this way (Journ. Chem. Soc., 1862, 15, 238-240. poir 
The research was made some years before publication). The this 
process was dangerous, and not carried on very long. the 

A midoazonaphthalene.—Used in a finely precipitated form as an is 0 


orange, red, or scarlet pigment for calico printing, but not largely. quil 

Britannia Violet (various shades)—Made from Magenta, the rapi 
bromine compound of turpentine, and methylated spirit, or, better, was 
purified wood spirit. At first thought to be a turpentine deriv- flow 


ative, but afterwards found to be methylated rosanilines. Made in with 
large quantities. fact 
Perkin’s Green.—This was an interesting compound made by the 


treating Britannia Violet (blue shade) with acetyl chloride. The this 
latter was made in large quantities from phosphorus trichloride the. 
and acetic acid. The phosphorus trichloride was made in cast-iron infe: 
retorts with iron condensers from phosphorus and dry chlorine. E. | 


The colouring matter was obtained in a crystalline condition, but indu 


was not investigated as to its constitution. It was rather extensively had 
used for calico printing when Iodine Green was toc expensive. beca 

“ Alizarine.”’—Produced very largely, chiefly by dichloroanthra- we t 
cene process. It consisted of anthrapurpurin and alizarin, chiefly emal 
of the former. These were also separated and sold as ‘“‘ Blue Shade Nick 

- Alizarine”’ and “ Scarlet Shade,” but we chiefly sold the mixture magi 


known as “Red Shade.” Besides the above we made suitable had 
mixtures of aniline salts, oxidising agents, and copper compounds for 
for the production of Aniline Black on the fabric by calico printers. colot 
Also the colouring matters were made into “lakes” by processes metk 
of our own for paperhangings and lithographic and other printing man: 


inks in considerable quantities. This 
preci 

This list contains what may be regarded as Perkin’s direct con- first 
tribution to the colour industry as a manufacturer. It may not man 
appear very imposing to us now, but we must read into it all that Then 


it means in order to appreciate its full significance. There must and 
be taken into consideration the pioneering work in every direction obtai 
that had to be done in order to accomplish these results. It must brow 
further be remembered that they were achieved at the outset by a és 
youth of about 18, and brought to a successful termination in . iy 
seventeen years by a young man 36 years of age, and that during a. 
the whole of that period, while the factory was actively at work, jer gal 
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a continuous stream of scientific research was kept going in his 
laboratory. The stupendous consequences of the initiation of this 
industry must also be borne in mind, and then the extent of our 
indebtedness to him will be fully realised. 

By many who regard manufacturing industry from a narrow 
point of view, Perkin, as already stated in the previous part of 
this notice, has been censured for withdrawing so soon from 
the scene of his industrial operations. The reply to this charge 
is obvious. He had made a sufficient fortune for his modest re- 
quirements, and the seeds which he had sown were developing 
rapidly in this country. At that time (1874) German competition 
was only just beginning to make itself felt. The industry was 
flourishing here, and with respect to France it may be said that 
within a very short period of the founding of the Greenford Green 
factory, and especially from the time of the discovery of magenta, 
the industry was also in a prosperous condition. How thoroughly 
this branch of manufacture had its head centre in England during 
the few years following the opening of the Greenford works may be 
inferred from the fact that such men as Maule and (especially) 
E. C. Nicholson, both pupils of Hofmann’s, had entered the 
industry; that in Manchester the firm of Roberts, Dale and Co. 
had secured the services of men like Caro and Martius, who later 
became pioneers in the German colour-making industry. Or, if 
we turn to the actual products, we find that in addition to those 
emanating from the firm of Perkin and Sons, Simpson, Maule, and 
Nicholson had secured the first really valuable process for making 
magenta, namely, the arsenic acid process of Medlock; that they 
had also secured the beautiful process of Girard and De Laire 
for phenylating magenta so as to convert it into blue and violet 
colouring matters, and that Nicholson, by his discovery of the 
method of sulphonation, had developed these into what were for 
many years the most important of all the coal-tar colouring matters. 
This firm had also introduced aniline-yellow (aminoazobenzene), the 
precursor of the basic azo-dyes, and phosphine (chrysaniline),* the 
first member of the acridine series. They were, moreover, the only 
manufacturers of the alkylated rosanilines under Hofmann’s patent. 
Then the firm of Roberts, Dale and Co. were making picrié acid, 
and had, through Caro, given to the industry the first induline 
obtained from aniline-yellow and aniline, as well as Manchester 
brown or Bismarck brown. This firm had also, through Martius, 


* In the 1866 catalogue of this firm, already referred to, Aniline-yellow is priced 
at 2s, and ‘‘ Phosphine” at 3s. per ounce. The Nicholson Blues were, at that time, 
sold only in solution, the price ranging, according to the brand, from 15s. to 30s. 


jer gallon. Solid ‘Regina Purple” is priced at 15s. per ounce. 
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given us the dinitronaphthol known as Manchester yellow. Cyanine, 
or quinoline blue, the first representative of a group of colouring 
matters which have since become of great importance as special 
sensitisers for photographic purposes, was discovered the same year 
as mauve (1856) by Greville Williams, who was for some time 
chemist at the Perkin’s factory, and who’ afterwards, with Messrs, 
E. Thomas and J. Dower, started the Star Chemical Works at Brent- 
ford. This country may also claim to have been the pioneer, 
through Crace-Calvert and Lowe, of Manchester, in the technical 
production of highly purified phenol.* The first successful method 
for printing on the fabric with aniline-black was discovered and 
patented in 1863 by John Lightfoot, of Accrington. 

This was the state of affairs during Perkin’s connexion with the 
industry, and, superadded to this manufacturing activity, was the 
supremely important fact that, until 1865, the great master, 
Hofmann, was among us, and that his laboratory at the Royal 
College of Chemistry had become a centre of active research in 
the chemistry of colouring matters which stimulated the industry 
and supplied chemists for the factories.+ Nor must it be forgotten 
that Peter Griess, the founder of diazo-chemistry, was working over 
here during the greater part of the same period. It cannot be said 
that Perkin abandoned the ship in a sinking condition; on the 
contrary, she was steaming full speed ahead! For any scuttling 
that may have afterwards occurred he can in no way be held 
responsible. 


ADDENDUM. 


As the introduction of fuming sulphuric acid played such an 
important part in the early history of the artificial alizarin 
industry, it is of interest to append the following account kindly 
furnished by Hofrath Dr. Caro. It may be pointed out that the 
“contact” process for producing sulphuric acid dates from 1875,! 
and therefore subsequently to Perkin’s retirement, so that it was 


* The state of the industry here and in France five years after its inauguration at 
Greenford Green can be ascertained from Hofmann’s report on the chemical exhibits 
at the International (London) Exhibition of 1862. It is not going too far to say 
that during its early years the coal-tar colour industry was essentially English and 
French. 

+ Hofmann left London in 1865. From that time until the creation of the Chair 
of Organic Chemistry at Owens College, Manchester, in 1874, to which Schorlemmer 
was appointed, there was no Professorship in this department of the science in this 
country. 

~ The patent of Messrs. Chapman and Messel is dated September 18th, 1875. 
Winkler’s process was described in Dingler’s Polytechnisches Journal for October, 
1875. Dr. Messel gave a description of their process before the Chemical Society in 
April, 1876, but the paper was not published by the Society. 
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his successors who had the advantage of this new branch of manu- 
facture : 

“Previously to the publication of Clemens Winkler, the entire 
‘Nordhausen Fuming Sulphuric Acid’ was manufactured by John 
David Starck in Bohemia (in several works near Pilsen), and was 
largely imported into England. It originally contained about 
20 per cent. of the free anhydride. This acid was employed by 
Perkin in his first experimental manufacture in 1869 for sulpho- 
nating anthraquinone, and was afterwards in 1870 exchanged for 
ordinary sulphuric acid,* while we (the Badische Co.) commenced 
at this same period with the ordinary acid and gradually went on 
increasing its strength by adding fuming acid containing about 
24 per cent. of free anhydride. I recollect that in 1873 we used 
chiefly a mixture of two parts of the said fuming acid with one 
part of the monohydrate. At the same time we studied carefully 
the effect of the increased strength of the sulphonating agent upon 
the separate production of the mono- and di-sulpho-acids of anthra- 
quinone, and I believe that at the same time (1873) similar experi- 
ments were made by all German alizarin makers, particularly by 
Gebriider Gessert and Co., at Elberfeld, and that in consequence of 
the superior results obtained by the action of stronger acid at a 
corresponding lower temperature a demand was created for fuming 
sulphuric acid of greater strengths than hitherto supplied. Thus 
John David Starck was led to manufacture the solid fuming sul- 
phuric acid containing about 45 per cent. of the free anhydride. 
This was, I think, in 1873 or 1874. In 1875 we employed regularly 
the fuming acid of 45—50 per cent. of anhydride. In 1877 we went 
further in increasing the energy of the sulphonating action by the 
employment of fuming acid of from 68 to 72 per cent. of free 
anhydride, which we prepared by distilling the anhydride from one 
portion of fuming acid into another portion of fuming acid contain- 
ing 45—50 per cent. of free anhydride. We also distilled the 
anhydride into the sulphonating mixture of anthraquinone 
with fuming acid. Immediately after the publication of 
Winkler, in 1875, we commenced experimenting with his 
synthetical process, and after having many times changed 
our experimental plant, we succeeded in manufacturing the 
fuming acid on a very large scale from 1877. At about 
the same time other manufacturers started the manufacture of 
fuming acid by the synthetical process.” 

R. ME.po.a. 


See Perkin’s statement (ante) quoted from his History of Alizarin, 1879. 
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ROBERT WARINGTON. 
Born Aveust 22nd, 1838; Diep Marcu 201n, 1907. 


Tue name of Robert Warington will ever be associated with one 
of the most important advances in the agricultural chemistry of 
the latter half of the nineteenth century, although his classical work 
on nitrification, which may be regarded as his life-work, bears but 
a small proportion to the total of that accomplished by him. He, 
no doubt, owed his chemical proclivities to his father—a Robert 
Warington also—who was a prominent figure amongst the chemists 
of earlier days. The elder Warington was one of the first chemical 
assistants at University College, and was subsequently appointed 
chemical operator to the Society of Apothecaries. He also was a 
Fellow of the Royal Society, and published several papers on 
chemical subjects; yet chemistry is more indebted to him for the 
part which he took in founding the Chemical Society than for the 
extent of his own original work. It was through his zeal and 
powers of organisation that this Society was founded in 1841, and 
the work which he did for it as its secretary during the subsequent 
ten years helped in no small measure to launch it on its prosperous 
career. 

Robert, his eldest son, was born on August 22nd, 1838, in the 
parish of Spitalfields. His mother was a daughter of George 
Jackson, M.R.C.S., to whom science is indebted for several improve- 
ments in microscopes which have not yet been superseded, as well 
as for the invaluable ruled glass micrometer. The original dividing 
machine made by him for ruling the lines was still being used by 
a well-known optician in 1899, and is probably in use at the 
present time. 

Very early in young Warington’s life his parents took up their 
residence at the Apothecaries’ Hall, and it was here, in the un- 
congenial atmosphere of the City, that he spent his childhood and 
youth. His constitution was naturally feeble, and a life in the heart 
of London, with but little exercise, and no companions of his own 
age to assort with, did not tend to strengthen it. All through life 
he had to contend with a lack of bodily vigour, which rendered 
his work doubly laborious to him. For his education he seems to 
have been chiefly indebted to his parents. While still quite young 
he studied chemistry in his father’s laboratory, and had the advan- 
tage of attending lectures by Faraday, Brande and Hofmann. 

In consequence of the unsatisfactory state of young Warington’s 
health, his father sought to get him some employment in the 
country, and, with that object in view, applied to Mr. Lawes, with 
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whom he was acquainted, and for whom he had done some pro- 
fessional work. The outcome of this was that in January, 1859, the 
youth went to work in the Rothamsted Laboratory as Lawes’ 
unpaid assistant. Here he remained for one year, devoting all 
his time to ash analyses, of which he had had no previous experi- 
ence, and examining various methods for obtaining the most satis- 
factory results. Dr. Pugh and Mr. F. R. Segeleke were also working 
in the laboratory at that time, and they gave Warington valuable 
assistance in his work. Of the two series of analyses eventually 
completed, the first comprised those of the ashes of grass grown 
under different manurial treatment, the results of which were pub- 
lished in Lawes and Gilbert's “Report of Experiments with 
Different Manures on Permanent Meadow Land” (J. Roy. Agric. 
Soc., 1859, 20, 407), the second series was that of the ash of 
grain from Broadbalk Field. These latter analyses were never 
published, their place having been taken by more complete work 
on the same subject by Richter. 

Although Warington left the Rothamsted Laboratory in 
January, 1860, his interest in the work there never ceased, and, 
until he resumed his connexion with Lawes a few years later, he 
devoted much of his time to studying the Rothamsted results, and 
was a frequent visitor to the laboratory. 

His health having been somewhat re-established by his year’s 
residence in the country, he returned to town, and continued to 
reside with his parents until 1862, spending his days at South Ken- 
sington, where he worked under Dr. Frankland as research assistant. 
But at the end of this period a further breakdown in health 
forced him again to seek a country life, and he betook himself 
to the Royal Agricultural College at Cirencester. Here he 
remained for four and a-half years, the first nine months of which 
were spent in doing analyses for Dr. A. Voelcker, and the remainder 
of the time in fulfilling the duties of teaching assistant under 
Professor Church. 

It was during his residence at Cirencester that Warington pub- 
lished the first papers on scientific subjects which appear under 
his name. These were printed in the Journal of the Chemical 
Society. The earliest of them (1863) dealt with the quantitative 
determination of phosphoric acid. This was followed by two other 
short communications on kindred subjects, which preceded and pre- 
pared the way for his first work of importance—an investigation 
into the part played by ferric oxide and alumina in decomposing 
soluble phosphates and other salts, and retaining them in the soil. 
The results of this investigation are embodied in a series of four 
papers read before the Chemical Society, and are typical examples 
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- of the careful work and close reasoning which characterised all 
Warington’s researches. That ferric oxide acted as a fixing agent 
for soluble substances applied to a soil was already known, but 
the action was attributed to an indefinable physical attraction, 
which explained nothing. Warington proved, first by experiments 
with pure ferric oxide, and then with ordinary soil, that the action 
in the case of calcium phosphate was simply one of chemical de- 
composition, resulting in the formation of ferric phosphate, whilst 
in the case of other salts, such as carbonates, sulphates, nitrates, 
etc., the chemical character of the action was indicated by the 
fact that the iron did not retain the salt as a whole, but partially 
decomposed it, retaining the basic portion in excess over the acid 
portion. 

Warington did not allow his work at Cirencester to sever his 
connexion with Rothamsted, and he offered to analyse three of 
the most important of the animal ashes which had: been prepared 
there, on the condition that he might make use of the results thus 
obtained. He consequently received mixed ashes representing the 
whole bodies of a fat ox, a fat sheep, and a fat pig, and an 
abstract of the analyses made by him appeared in an article which 
he wrote for the second supplement to ‘“ Watts’s Dictionary of 
Chemistry.” The analyses, together with others by Richter, were 
also published by Lawes and Gilbert in the Phil. Trans., 1883. 

In 1864 Warington commenced lecturing to the students at 
Cirencester on the Rothamsted experiments, and went systematically 
through all the work which had already been published, together 
with many additions of as yet unpublished results which had been 
communicated to him by Lawes and Gilbert. A desire was ex- 
pressed at Cirencester that these lectures should be published, and 
negotiations to that end were, consequently, opened with Lawes 
and Gilbert. The outcome of these was that Warington was to 
write a book on the Rothamsted investigations, Lawes guaranteeing 
him from pecuniary loss, but offering no remuneration. Lawes 
also reserved to himself the right to supply a preface to the book, 
on the ground that there would be previously unpublished matter 
incorporated therein. The writing of this book involved a large 
amount of labour, especially as, in studying the effect of manures 
in different seasons, Warington was led to recognise the almost 
paramount influence of the rainfall on the results, and its action 
in washing the nitrates out of the soil, an action up to that time 
unrecognised. For the purpose of examining this action more 
closely, he eompared the results from the plots at Rothamsted with 
the temperatures and rainfalls supplied to him by Glaisher; at 
the same time he applied to Gilbert to furnish him with unpublished 
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data respecting the Rothamsted hay crops. Gilbert, however, 
objected to what now appeared to him in the light of a publica- 
tion of Rothamsted results by others than Lawes and himself. 
Discussions ensued, the upshot of which was that the book remained 
in manuscript, and the seeds of an unfortunate dissension between 
Gilbert and Warington were sown. Some 120 pages of this book 
were written (and are still in existence), but Warington declined 
the pecuniary compensation which Lawes offered to him for his 
labour. 

Leaving Cirencester in June, 1867, he became chemist to Lawes’s 
manure and tartaric and citric acid factories at Millwall, where 
he remained until 1876. During these years he generally had a 
long conversation every week with Lawes on those problems in 
agricultural chemistry which happened to be under investigation 
at the time, and which were evidently more congenial subjects of 
discussion to both of them than the problems arising in the factory. 
Even these, however, were by no means lacking in interest, and 
at the conclusion of his engagement at Millwall in 1874, Warington 
remained in the laboratory there for two years longer, working 
mn citric and tartaric acids, and ultimately publishing his results 
in a paper of 70 pages in the Journal of the Chemical Society. 
This paper was published with Lawes’s approval, and it is note- 
worthy for the opinion expressed therein, that “‘the large amount 
of information acquired in the laboratories of our great manu- 
facturing concerns might well be published without any injury to 
the individual manufacturer.’ Eighteen years later, when 
Warington had for a second time gone to work in Lawes’s tartaric 
and citric acid factory, he published another paper dealing with 
these acids, and with the detection of the presence of lead in them. 
With this solitary exception, all Warington’s subsequent work was 
on agricultural chemistry, and all of it was done in the Rothamsted 
laboratory. 

While still at Millwall he had been writing a good deal on agri- 
cultural subjects—several articles for ‘“ Watts’s Dictionary” and 
for the Agricultural and Horticultural Co-operation Association— 
and he had, moreover, as already mentioned, been in continual 
consultation with Lawes as to the Rothamsted results; he was 
naturally, therefore, prepared to receive Lawes’s suggestion that 
he should go and work in the Rothamsted laboratory. The terms 
were all settled, and had readily been assented to by Warington; 
for, although they had involved a reduction of salary to two-thirds 
of that which he had been receiving at Millwall, he obtained a 
certain amount of freedom by way of compensation. He was to 
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that it made its appearance as Rothamsted work; but in cases 
where the work dealt with subjects which had already occupied 
the Rothamsted investigators, it was to be published in the joint 
names of Lawes, Gilbert and Warington. This arrangement, how- 
ever, owing to some unforeseen difficulties, was not carried 
out; and it was not until after a delay of two years that Warington 
went to Rothamsted (in 1876), under an agreement for a year 
only, to work simply as Lawes’s private assistant. The engagement 
was subsequently extended, and all his results were published, 
either in his own name or in the names of Lawes, Gilbert and 
Warington. 

Before removing to Harpenden he went to work at the laboratory 
at South Kensington in order to learn water and gas analysis 
under Frankland’s assistant, some of the Rothamsted soils being 
sent to him for practising determinations of nitrogen. While there 
he devised a method of extracting soils by the vacuum pump, 
which method has since been largely used at Rothamsted. In the 
autumn of the same year (1876) he made a short tour among the 
German experimental stations, and then took up his residence for 
good at Harpenden. 

The construction of a gas analysis apparatus (under Frankland’s 
direction) for the Rothamsted laboratory, occupied a considerable 
time, and, pending its completion, Warington made a study of the 
indigo method of determining nitric acid. This method, as 
generally used, he found to be full of sources of error. The 
principal of these he succeeded in correcting, and, with the method 
of determination thus rendered trustworthy, he proceeded to deter- 
mine regularly the nitrates in the drainage-water from the various 
wheat plots in Broadbalk field. The chlorides were determined 
at the same time. No such systematic work had been previously 
done, whilst the methods of sampling which had been adopted 
when any analysis had to be made had been faulty. Warington 
now altered these methods, so that the samples analysed should 
faithfully represent the average composition of the drainage- 
waters. 

Having examined the indigo method for determining nitric acid, 
he next examined the Crum-Frankland method by agitation with 
mercury, and subsequently the method of Schlesing, modified, 
however, in such a way that the nitric oxide produced was deter- 
mined by gas analysis. The exhaustive examination of these 
methods of analysis are described in a series of papers published 
in his own name in the Journal of the Chemical Society and else- 
where, extending down to 1882. The modified Schlesing method 
was the one which he finally adopted, and with it he began a long 
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series of determinations of nitrates in soils, and in mangels, swedes 
and potatoes. 

Having satisfied himself as to the methods of nitrogen deter- 
mination, he next turned his attention to those for the estimation 
of carbon, and having examined the permanganate and the 
dichromate methods, and found them wanting, he finally adopted 
the combustion method, which proved to be thoroughly satisfactory, 
provided that carbonates were entirely removed by prolonged 
treatment with sulphurous acid. In this work he was assisted 
by Mr. W. A. Peake, and the results were brought before the 
Chemical Society in the names of Warington and Peake. 

Warington’s results from the examination of the rain and 
drainage water, together with results previously obtained at 
Rothamsted, formed the subject of a very long report published 
in the names of the three investigators in the Journal of the 
Royal Agricultural Society for 1882. The subject, however, con- 
tinued to occupy Warington’s attention long after this date, and 
we find a report on the subject in the three joint names in 1883, 
and papers by Warington alone in 1889 and 1887. The last- 
mentioned paper is an important contribution (Trans., 1887, 51, 
500) to the study of well-waters, and deals with the wells in the 
chalk formation on which Harpenden is situated. In later years 
(1904) Warington was enabled to give these results a practical 
bearing on the supposed contamination of the Harpenden water 
supply, and he saved the community, at any rate, for a time, from 
adopting an expensive and, apparently, quite unnecessary system 
of sewerage. 

So far Warington’s work, as here described, consisted largely of 
examining and perfecting methods of analysis for use in agri- 
cultural research. For this work the precision of his nature, and 
the carefulness of his manipulation, pre-eminently fitted him, and 
most of the methods of analysis which he elaborated have been 
accepted as standard methods, which promise to remain in use 
for many years to come. The remainder of his work, however, 
is that by which he made his name, and if a strictly chronological 
sequence of events had been followed it should have been men- 
tioned earlier in this notice, for it was in 1877 that he began to 
study nitrification, and this subject occupied the foremost place 
in his mind until 1891, when his opportunities for pursuing the 
subject ceased. During this period he published about ten papers 
on the subject, all in his own name, the principal of which were 
four communications to the Chemical Society, bearing the title 
“On Nitrification,’ Parts I to IV. 

That the natural conversion of ammonia into nitric acid was 
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the work of an organism had been suggested by A. Miiller as § to the 
early as 1873, but it had been reserved for Schlesing and Miintz organi 
to establish definitely that this was the case. In 1877 they showed § <ubseq 
that, when sewage was allowed to percolate through a column of The 
sand and limestone, the nitrification which occurred during its @ the is 
passage could be prevented by the presence of a sterilising agent, @ this ta 
such as chloroform vapour, and after such sterilisation, the activity @ pacter: 
of the sand could be resuscitated by inoculating it with a few @ pr. KI 
particles of vegetable mould. Questions affecting the problems con- § pacteri 
nected with nitrogen in the soil had naturally been amongst those experir 
to which the Rothamsted investigators had, from the first, devoted @ smmon 
themselves, and, consequently, they at once set to work to examine § skim-m: 
such an important observation as that of Schlesing and Miintz. @ and pl 
A complete verification of it was obtained by Warington, operating organis 
with garden soil only, and using a solution of ammonium chloride J The m: 
instead of sewage; and he was enabled to add the additional in- @ denitrif 
formation that nitrification occurred only in the dark. This paper § nitrites, 
appeared within a year of that of Schlesing and Miintz. Two and @, well 
a-half years later he published a second paper, which added consider- @ natural 
ably to the facts already established. He showed that the nitrifying J eucidat 
organism, besides requiring darkness in order to do its work, must § york ad 
also be supplied with food for its growth—potash, lime and @ that de 
phosphorus—and, moreover, that all liberation of free acid must 
be prevented, by the presence of some salifiable base, such as calcium 
carbonate. He found, also, that after the introduction of a small @ their tas 
quantity of active soil or solution into a liquid capable of nitrifica- @ denitrific 
tion, no action occurred until a certain time had elapsed, this period @ the Jour 
of incubation being probably due to the organisms having to Warin 
multiply to a certain extent before they become sufficiently J the fact 
numerous to produce recognisable results. An increase of tem- MH ofan org 
perature was found to favour the action up to a certain point, and B by Schle 
it was shown that various vegetable moulds and known bacteria Bj adopted | 
were not the organisms to which nitrification could be attributed. J But ever 
Many difficulties, however, still remained to be cleared up, notably 
the want of uniformity of the action, which resulted in the pro- 
duction cf nitrates in some instances, and nitrites in others. We 
now know that the process is performed by two quite distinct 
organisms, and that their nutrition is, in some respects, wholly 
different from that of any other organism hitherto studied; but 
until this knowledge had been gained, work on the subject was 
singularly difficult, and the results were very perplexing. 
Warington’s third paper on nitrification added considerably to 
our knowledge of the circumstances attending the action, and 
established the fact that the organisms are almost entirely confined 
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to the first nine inches of ordinary soil. The distribution of the 
organism in the soil was dealt with still more exhaustively in a 
subsequent communication in 1887. 

The prize coveted by the workers on this subject was, however, 
the isolation of the organism itself; and to prepare himself for 
this task, Warington went to London for a time, in 1886, to learn 
bacteriology under Dr. Klein at the Brown Institution. From 
Dr. Klein he obtained a large number of pure cultures of various 
bacteria, and all these, as well as others obtained from his own 
experiments with soils, he examined as to their behaviour towards 
ammonia and nitrates, and also as to their mode of growth on 
skim-milk. The results were brought before the Chemical Society, 
and proved that none of the bacteria, except the nitrifying 
organism itself, possessed any appreciable power of nitrification. 
The majority of the organisms examined, however, were active 
denitrifiers. Denitrification—whereby nitrates are converted into 
nitrites, oxides of nitrogen, or even nitrogen gas—was, at this time, 
a well recognised work of micro-organisms, but was one which 
naturally enhanced to a considerable extent the difficulties met in 
ducidating the reverse phenomenon of nitrification. Warington’s 
work added a good deal to our knowledge of the subject, and showed 
that denitrification is a property actively exhibited by a large 
number, but by no means by all, micro-organisms, and that in a 


oil it becomes complete, before the nitrifying organisms begin 


their task of reversing the reaction. An excellent account of the 
denitrification of farmyard manure was subsequently written for 
the Journal of the Royal Agricultural Society (1897, 8, Part IV). 

Warington’s work on nitrification was amply sufficient to establish 
the fact that the oxidation of ammonia in the soil was the work 
of an organism, but that organism seems to have been isolated first 
by Schlesing and Miintz in 1879, although the method which they 
adopted left, at the time, considerable doubt as to its real identity. 
But even the isolation of this organism did not solve the whole 
problem: there was still the independent formation of nitrites 
and nitrates to be accounted for; and it was here that Warington’s 
work was most conducive to a solution of the difficulties, for he 
ueceeded in proving that one organism alone could not be held 
accountable for the various phenomena observed, and that two 
diferent organisms must be concerned in the process of nitrifica- 
tion. His success all lay in the chemical aspects of the subject. 
He was the first to obtain (1879) liquid cultures which converted 
ammonia into a nitrite, and preserved this power in all sub-cultures, 
tut which was incapable of producing any nitrate; and shortly 
ifterwards (1881) he obtained cultures which were able to convert 
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nitrites into nitrates, but were unable to oxidise ammonia. This 
was a practical separation of two distinct organisms, but at the 
time Warington did not grasp the true meaning of his results, and 
he associated the change from nitrites into nitrates with a white 
growth which appeared floating in the liquid, but which really had 
nothing to do with it. 

In 1890, after the work of others had resulted in the isolation 
of the nitrous organism (that which converted ammonia into 
nitrites), Warington returned to the subject, and found that the 
white surface organism could not be held accountable for the con- 
version of the nitrites into nitrates. He eventually succeeded in 
isolating the organism which really produces this change, and 
obtained a nearly pure culture of the nitric organism. At the 
same time he showed that organic carbon is not necessary for the 
growth of these organisms, as he had previously imagined, but that 
they can obtain their carbon from carbonates. These results were 
published in his fourth paper on nitrification (1891), and were 
communicated to the Chemical Society only a few days before 
Winogradski made a similar communication to the French Academy. 
Winogradski, however, had pushed the matter somewhat further, 
having obtained the organisms in bodily form, and having shown 
how they could be cultivated on solid media, a problem which had 
baffled Warington and other investigators. Warington, therefore, 
had to share his final hard-won success with another. 

The practical results of nitrification in the soil were being 
investigated while the search for the organism was still in progress, 
and Warington began a long series of determinations of nitrates 
in the Rothamsted soil, the first results of which were published as 
a lecture given before the Society of Arts, for which he was awarded 
a silver medal. 
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The quarrels even of eminent men are generally better left to 
bury themselves in oblivion, but we should hardly be doing justice 
to Warington if we were to pass over in silence the circumstances 
which made his work so arduous to him, and finally brought it to 
a premature conclusion. Indeed, there is so much that is pathetic, 
and even grand, in the unfortunate disagreement which arose and 
became intensified between Gilbert and Warington, that a brief 
allusion to the subject cannot lessen our appreciation of either of 
them. That two of the greatest of England’s agricultural chemists 
should be at variance with each other may afford no subject for 
wonder, but what must surprise the layman is that in spite oi 
this strong personal disagreement these two should for years con- 
tinue to work under the same roof, on the same subjects, publish- 
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ing their results as joint productions. No mere forbearance (of 
which there was much), no mere love of gain (of which there was 
none), could have effected this; it was the love of science, pure, 
simple and unselfish, which could alone accomplish such a task, 
and obtain a mastery over the more human passions. 

When, in 1889, Lawes resigned his active control to the present 
Committee of Management, it was evident that the work of the 
station could no longer be carried on in this painful state of tension, 
and, all attempts at accommodation having failed, the Committee 
were reluctantly forced to decide that Warington’s work there 
must terminate. This was in June, 1890, and it was arranged that 
he was to leave in the following January. Having, however, in 
the meantime, reached a very interesting stage in his work on 
the nitrifying organism, he petitioned to be allowed to stay on, 
without remuneration, until June of 1891. This petition was 
granted, and before that date he succeeded in bringing the work 
on hand to a successful termination. 

Throughout all the trying circumstances of these years Lawes 
showed an undeviating friendship towards Warington, and 
Warington’s feelings towards Lawes were those of love and 
veneration. Perhaps, however, the highest tribute which could 
have been paid to his rectitude and disinterestedness was paid 
when the Royal Society requested him to undertake the obituary 
notice of Gilbert. At first he declined, and ultimately consented, 
oly on the understanding that what he wrote should be revised 
by those who could have no personal bias in the matter, his one 
fear being—as he told the present writer in the last conversation 
vhich he had with him—that his own feelings might unconsciously 
ad him to do insufficient justice to his subject. That the per- 
iormance of this kindly office must have gone far to soften the 
recollection of past animosities we may feel assured, and before 
the end came there was but little of bitterness left in the mind 
of the survivor. All three great workers now lie at rest in the 
ame quiet country churchyard, their united work in the cause 
of scientific agriculture forming the most fitting and enduring 
monument of their labours, for its importance becomes every day 
nore and more evident with the development of the superstructure 
vhich is being raised upon it. 

Although Warington’s original work in agricultural chemistry 
vas brought to a close on his severance from Rothamsted, much 
weful work remained for him to do. The Committee of Manage- 
nent appointed him American lecturer under the Lawes Trust, and 
te consequently proceeded to the United States to perform his 
‘unctions. The six lectures which he there delivered dealt chiefly 
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with the subject of nitrification, illustrated by his own work at 
Rothamsted. They were published by the United States Depart- 


ment of Agriculture. don 

On his return to England, Sir John Lawes invited him to carry ofte 
out an investigation at his tartaric and citric acid factory at he | 
Millwall, on the contamination of these acids by the lead of the v 
vessels used in their preparation. This Warington undertook, and the 
he succeeded in finding a method for obviating the evil. He Cou 
obtained, in addition, an excellent method for the accurate volu- pres 
metric determination of lead in the acid. This formed the subject this 
of a communication to the Society of Chemical Industry in 1893, reor; 
the last communication of any investigation made by him. sive 

In 1894 he was appointed one of the examiners in Agriculture fittec 
under the Science and Art Department, and in the summer of the Ww 
same year he was elected Sibthorpian Professor of Rural Economy C.H 
at Oxford for three years. ene ¢ 

The papers, other than those on original investigations, which 9 secon 
Warington wrote, are numerous, and are all characterised by a § many 
lucidity of expression and precision of argument which renders J {ive q 
them specially valuable. One of the most useful of his writings § }+ h,; 
is, undoubtedly, a little volume entitled “The Chemistry of the 9 dange 
Farm.” The amount of appreciation with which it has been re § equan 
ceived, and the good which it has done, may be measured by the | thoug! 
fact that it is now in its fifteenth edition, and is accepted as the streng 
text-book on the subject throughout the world, and as a model of § passed 
what a text-book of that sort should be. 

Warington continued to reside in Harpenden until the end. His 
habits and tastes did not predispose him to take any active part 
in village management, but whenever he thought that his know- 
ledge might be of service to the community, he did not hesitate to 
give what assistance he could. 

Educational or charitable work, however, always enlisted his 
sympathies and engaged his active support; whilst his strong _ 
religious convictions, guided by his clear judgment and absolute “ey ” 
sincerity, rendered his church and philanthropic work peculiarly ied at 
valuable. He certainly had an unusually high sense of public _ ais 
duty, and persistently throughout life did what he could to make “i ee 
his fellow-creatures better and happier. Missionary work always e ther 
held a prominent place in his heart, as also did the training of ry ente 
the young, whether in religious or secular subjects, and during the - that 

ag a direct li 
last few years of his life much of his time and care was devoted F : 
to the Church day-schools. He was greatly interested in all work ey , 
amongst the poor and needy, and was a liberal supporter of any “a nti 
organised charity which appealed to his judgment. Partly owing OUcer 

ganised charity which appealed to his judgme artly of Hugue 
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to his isolated boyhood and youth, and partly to his lack of robust 
health, life went harder with him than it otherwise would have 
done, for the characteristics thus developed stood in his way, and 
often prevented his gaining the sympathy and appreciation which 
he was so ready to give to others. 

Warington was elected to the Chemical Society in 1863, and to 
the Royal Society in 1886. He served for two periods on the 
Council of the Chemical Society, and for one period as vice- 
president. For many years he was on the Library Committee of 
this Society, and did much useful work for the Fellows during the 
reorganisation and cataloguing of the books. For this his exten- 
sive acquaintance with chemical literature rendered him specially 
fitted. 

Warington was married twice. His first wife was a daughter of 
G. H. Makins, M.R.C.S., formerly chief Assayer to the Bank, and 
one of the Court of Assistants at the Society of Apothecaries. His 
second wife was a daughter of Dr. F. R. Spackman, who had for 
many years been medical practitioner at Harpenden. He has left 
five daughters by his first wife. In 1906 his health gave way, and 
he had a serious illness which necessitated a very difficult and 
dangerous operation. For this he prepared with singular 
equanimity and courage. The operation was successful; but 
though he nominally recovered from it, he never regained his 
strength, and eleven months afterwards (March 20th, 1907) he 
passed away. 

Spencer U. PICKERING. 


AUGUST DUPRE. 
Born Sept. 6TH, 1835; Diep Jury 157TH, 1907. 


Avevst Dupri was born at Mainz on September 6th, 1835, and 
died at his residence, Mount Edgcumbe, Sutton, Surrey, after 
some weeks’ illness, on July 15th, 1907, in his seventy-second year. 
He was the second son of J. F. Dupré, a merchant and citizen of 
the then Freie Reichsstadt of Frankfurt-am-Main, and his birth 
was entered in the register of the “ Freie Franzésische Gemeinde’”’ 
of that city. On his father’s side Dupré traces his descent in a 
direct line from Cornelius Dupré, a French Huguenot who left 
France in 1685, after the suspension of the Edict of Nantes, and 
settled in the Palatinate, and who distinguished himself later as 
an officer in the army of Prince Eugene. Dupré’s mother was also 
of Huguenot descent. His family was, therefore, originally French, 


ain a ns 


2270 OBITUARY. 


but by intermarriage had become practically German in the course 
of a hundred and fifty years. 

Dupré had a somewhat varied school education, which he com- 
pleted at the Polytechnic schools of Giessen and Darmstadt, and 
entered as a student of the University of Giessen in 1852, at the 
age of seventeen. There he studied chemistry under Professor 
Will, also attending the lectures of Kopp and others. From 
Giessen he proceeded to Heidelberg in 1854, Bunsen and Kirchhoff 
being among his teachers, and there he finally took his degree of 
Doctor of Philosophy in 1855, being barely twenty years old. It gras| 


is interesting to note that fifty years later, in 1905, the University cons 
renewed his Diploma (Goldenes Doctor-Jubilium) in recognition of for t 
his scientific work. Among his fellow students at Giessen and In 
Heidelberg who became famous in later life were Harley, he b 


Matthiessen, Roscoe, and Volhard. 

In the autumn of 1855 Dupré proceeded to London and became 
assistant to Odling, whom he accompanied to Guy’s Hospital, 
remaining with him until 1863. 

In 1864 he was appointed Lecturer on Chemistry and Toxicology 
at the Westminster Hospital Medical School, in succession to his 
elder brother, Dr. F. W. Dupré, who had given up the appointment 
in order to take up mining in the then recently discovered salt 
deposits at Stassfurt, in connexion with which he is now so well 
known. 

August Dupré remained in London for the rest of his life, and 
became a naturalised English subject in 1866. He resigned his 
appointment at the Westminster Medical School in 1897, after 
thirty-three years’ tenure, but during the last ten years, owing 
to pressure of consulting work, he had practically handed over 
the lectureship to the writer, who was associated with him as 
Assistant-Lecturer from 1885. From 1897 until his death in 1907 
he continued to practise as consulting chemist, both privately and 
in connexion with several Government Departments, at his private 
laboratory in Edinburgh Mansions, Westminster. 

Soon after he left the University Dupré began to publish various 
scientific papers, and, owing doubtless to this fact and the reputa- 
tion for ability which he enjoyed in his own immediate circle, it 
was not long before he obtained several other public appointments 
in addition to the lectureship at Westminster. 

Thus in 1871 he was appointed Chemical. Referee to the Local 
Government Board, and about this time he was first consulted by 
Sir Vivian Majendie, then Colonel Majendie, Chief Inspector in the 
Explosives Department of the Home Office, to which Department 
he shortly after became permanently attached as Consulting § land < 
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Chemist. In 1873 he became Public Analyst for Westminster, 
which post he held until 1901. In 1874 he was appointed Lecturer 
on Toxicology at the London School of Medicine for Women, an 
appointment in which he always showed the keenest interest and 
which he held until 1901. 

He was also consulted by the Board of Trade, the Treasury, and 
the late Metropolitan Board of Works. 

In all these appointments and consultations he may be said to 
have distinguished himself brilliantly by his rapid and thorough 
grasp of the problems in hand, his marked originality, his extreme 
conscientiousness, his intense enthusiasm, and his infinite capacity 
for taking trouble. He rapidly rose to eminence. 

In 1875 he was elected a Fellow of the Royal Society. In 1877 
he became President of the Society of Public Analysts. From 
1871 to 1874 he sat on the Council of the Chemical Society. In 
1885 he was made a Vice-President of the Institute of Chemistry. 
In 1886 he was elected Examiner in Chemistry to the Royal College 
of Physicians, and again in 1892. 

In 1888 he was appointed a Member of the War Office Committee 
on Explosives, in 1891 an Associate Member of the Ordnance 
Committee, and in 1906 a Member of the Ordnance Research 
Board. 

His earlier work for the Local Government Board, beginning in 
1871, was largely analytical, but in 1884, 1885, and 1887 he made 
a series of investigations in connexion with the purification of 
water supplies by aération and by the agency of bacteria, which 
must certainly rank as original researches of high merit and which 
undoubtedly have assisted greatly in the evolution of the most 
modern methods of treating sewage. They are published in the 
Medical Officers’ Reports of the above dates, but are probably not 
widely known in the present day. 

In conjunction with Abel, Dibdin, Keates, Odling, and Voelcker 
he advised the late Metropolitan Board of Works as to the condi- 
tion of the Thames in 1878, 1882, and 1883, and in 1884 made 
numerous experiments in conjunction with Mr. Dibdin on the 
treatment of London sewage on a large scale. This work is referred 
to at great length in the Report of the Royal Commission on 
Metropolitan Sewage Discharge in 1884. He was a Member of 
the Departmental Committee on White Lead in 1893, and gave 
evidence before numerous other Royal Commissions. 

_Of all this Government work, it was the Home Office appoint- 
ment which mainly occupied him. When, in 1871, he was first 
consulted by the Explosives Department, the manufacture in Eng- 
land of dynamite and guncotton had but recently commenced, 
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and these two were practically the only high explosives known at 
that time. Much had to be done on the part of the Government 
in connexion with the safe manufacture, storage, transport, and 
use of these explosives, and the rapid development of the industry 
necessitated the introduction of the Explosives Act of 1875. In 
1876 the authorised list of explosives comprised twelve kinds only, 
but in 1907 it had risen to 182. In addition, during this period, 
108 explosives had been passed by the Home Office after examina- 
tion by Dupré, and over one hundred had been rejected by his 
advice. He thus investigated, during a period of thirty-six years, 
nearly four hundred entirely new explosives of the most varied 
composition, and further examined, at frequent intervals, all 
explosives imported into England as to safety. In the course of 
this work he had often to evolve original methods of analysis or 
of testing for safety, and in this latter direction especially he 
rendered great services to the Government and, indirectly, to the 
public. 

It was also part of his duty to assist H.M. Inspectors in investi- 
gating the causes of various accidental explosions in factories and 
elsewhere, which occurred from time to time. His work, therefore, 
involved heavy responsibilities, and sometimes serious personal 
risks, notably during the Fenian outrages in 1882-83, when he 
had to examine several “infernal machines,’ and on the occasion 
of the Birmingham scare in 1883, when he superintended and 
himself assisted in the conversion of several hundred pounds of 
impure nitro-glycerine (which had been secretly manufactured in 
the heart of Birmingham) into dynamite, and so averted what 
might have been a terribly disastrous explosion. He was highly 
commended in the House of Commons by Sir William Harcourt, 
then Home Secretary, in connection with this ‘prompt and 
courageous action,” and by Sir Vivian Majendie in the 8th Annual 
Report of the Inspectors of Explosives in 1883. As late as 1907 
he devised a new method of testing for infinitesimal traces of mer- 
cury in explosive compounds. His private consulting work was also 
considerable, and he was engaged in many important law cases 
as a scientific witness. 

It might well be supposed that these responsible undertakings 
engrossed him entirely, but this was far from being the case. 
During the first twenty years of his appointment at the Westminster 
Hospital Medical School he gave great attention to his lectures 
and to the practical teaching of chemistry. His lectures were 
always very fully illustrated with experiments, which year after 
year seemed to give him renewed pleasure to perform, and although 
not very easy to follow, he was always extremely interesting owing 
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to the mass of information he had ever ready to hand. In 1886 
he published, in conjunction with the writer, then recently 
appointed Assistant-Lecturer, “A Manual of Inorganic Chemistry,” 
which had some success, and which reached its third edition in 1901. 
This book was dedicated to Professor Will, of Giessen, whom he 
always spoke of with the highest admiration and reverence as a 
great teacher. ° 

The subject of toxicology, on which, as already said, he also 
lectured both at Westminster and at the London School of Medi- 
cine for Women, had always specially interested him, and he 
became known and was not unfrequently consulted as a toxicologist. 
He was brought into particular prominence in connexion with the 
celebrated Lamson case in 1881. . 

As an instance of the thoroughness of his work, the writer well 
remembers Dupré tasting sixteen quinine powders which had 
been prepared for the unfortunate victim in this case, and his 
almost immediately experiencing the now familiar and somewhat 
alarming physiological effect of the aconitine which he found in 
the last powder. He was associated in this case with Sir Thomas 
Stevenson. 

It has already been mentioned that very soon after leaving 
the University Dupré began to publish scientific papers, and it 
seems surprising that amid such varied occupations he found time 
to work out so many original problems. His papers amount to 
no less than thirty-four in number between 1855 and 1902. Of 
these, five papers are included in the Proceedings and Transactions 
of the Royal Society between 1866 and 1872. The first, in 1866, 
with Dr. Bence Jones, on “ Animal Quinoidine,’ may be said to 
have anticipated the later important researches of Selmi and others 
on Ptomaines. Another, in 1871, dealt ably with the Elimination 
of Alcohol in the human subject, a problem then arousing much 
interest. The remaining four papers, published between 1868 and 
1872, some of the work being done in conjunction with the late 
Mr. F. J. M. Page, rank, perhaps, as his best efforts, treating of 
the specific heat and other characters of various aqueous mixtures 
and solutions, notably of mixtures of ethyl alcohol and water, in 
the course of which he made the remarkable observation that mix- 
tures of these last two substances up to 36 per cent. of ethyl alcohol 
had a specific heat sensibly higher than that of water itself. 

In the Journal of the Chemical Society are found eight papers 
between 1867 and 1880. One on the Synthesis of Formic and 
Sulphurous Acids, four on the Various Constituents of Wine, includ- 
ing compound ethers, one on the Estimation of Urea with Hypo- 
bromite by means of an ingenious apparatus now so universally em- 
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ployed, and two, in conjunction with the writer, on a New Method 
of Estimating Minute Quantities of Carbon, which was included 
by the late Dr. E. Frankland in his well-known work on Water 
Analysis. 

Between 1877 and 1883 he read no less than thirteen papers 
before the Society of Public Analysts dealing with the analysis of 
foods or water, and most of the methods evolved by him in these 
publications are still used or have given rise to improved operations, 
notably those dealing with butter fat, fusel oil in whiskey and other 
spirits, alum in flour and bread, foreign colouring matters in wine, 
and methods of water analysis. 

He published only two papers on Explosives, to which he had 
given such great attention, before the Society of Chemical Industry, 
and these as late as 1902. As a matter of fact, however, much 
original work was done by him in this branch of chemistry, some 
of which appears in the Annual Reports of H.M. Inspectors of 
Explosives, while again much could not be put forward owing to 
his official connexion with the Home Office. 

His earliest papers, published between 1855 and 1862, are six in 
number, and deal with volumetric methods and spectrum analysis 
(conjointly with his brother, Dr. F. W. Dupré), the iodic test for 
morphia, and the presence of copper in plant and animal tissues, 
this last in conjunction with Odling. 

To the chemistry of wine, as will be seen from the above sum- 
mary, he devoted a good deal of attention, and was joint author 
with Dr. Thudichum of a work entitled “On the Origin, Nature, 
and Varieties of Wine,’ published in 1872, in which a considerable 
amount of original analytical work is embodied. 

Dupré married, in 1876, Miss Florence Marie Robberds, of Man- 
chester, and leaves a family of one daughter and four sons, two 
of whom, Frederick and Percy, are now carrying on his work for 
the Home Office. He was of a striking personality, of medium 
height, but very powerfully built, with a massive head and brow, 
and must have possessed an iron constitution. As a young man 
he was a skilled fencer and swimmer. He was of somewhat excitable 
temperament, but had a most kindly disposition. Although not a 
fluent speaker, he was impressive from his obvious sincerity, and 
the thorough knowledge he displayed. He therefore made an excel- 
lent expert witness, and was more than once complimented in Court 
on his straightforward evidence. In controversy he was unsparing 
where facts were concerned, and at times intensely sarcastic. 

Although almost wholly devoted to chemistry, his mind found 
many other outlets. He was a great student of history, and his 
quite remarkable memory was frequently exemplified in conversa- 
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tion on this subject. He was also exceptionally well read in general 
as well as in scientific literature, both English and German, and 
amassed a large collection of books. Among other hobbies he 
pursued astronomy and photography. His mind, indeed, seems 
rarely to have been idle; he had a perfect passion for work, and, 
except for a few weeks’ holiday annually, he never relaxed. There 
is little doubt that at one time, about 1891, he overstrained his 
brain, and was obliged for some months to take a complete rest, 
which, fortunately, restored him to renewed energy. Like many 
great men, he was of a modest and retiring nature, and probably but 
few of his contemporaries have realised the magnitude and variety 
of the work he accomplished during fifty years of almost unceasing 
activity. 
H. Wiison Hake. 


JOHN CLARK, Px.D., F.C. 
Born 1844; Diep Juty 97x, 1907. 


Dr. Crank was born in 1844, being the only son of John Clark, a 
solicitor of eminence in the City of Glasgow. He received his 
education in the classics at Glasgow University, and during his 
period of study there acquired a taste for chemistry and became 
a pupil in the laboratory of the late Dr. Frederick Penny, who was 
successor to Graham, Ure, and Gregory in the Chair of Chemistry 
of Anderson’s College, now incorporated in the Glasgow and West 
of Scotland Technical College. He subsequently proceeded to the 
University of Géttingen, where he worked with Fittig and 
Wohler, gaining the degree of Doctor of Philosophy for a disserta- 
tion on amidovalerianic acid. He also studied for a session at 
Heidelberg under Bunsen, and afterwards worked in Paris for nine 
months in the laboratory of Prof. Payen at the Conservatoire 
des Arts et Metiers. At the still early age of twenty-three he 
returned to Glasgow, where he was for three years senior assistant 
at the Andersonian College to his old teacher, Penny, acting as his 
substitute during the illness which ended in Penny’s death. In 
1870 he joined his friends, Mr. Tatlock and the late Dr. Wallace, in 
forming the widely-known firm of Wallace, Tatlock and Clark, who, 
in addition to their analytical practice, carried on a very successful 
private school of technical chemistry. For some years Dr. Clark 
also lectured on chemistry in the Medical School of the Royal 
Infirmary at Glasgow. In 1888 the original partnership was dis- 
solved by the retirement from the firm of Mr. Tatlock, who estah- 
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lished the separate practice which he still carries on in conjunction 
with Mr. R. T. Thomson; and the death of Dr. Wallace left Dr. 
Clark in sole charge of the laboratory of the original firm at 138, 
Bath Street, until his son and survivor, Mr. R. M. Clark, became 
qualified, a few years since, to join his father in partnership. 

Dr. Clark’s contributions to chemical literature were many, being 
almost wholly directed to the practical advancement of analytical 
chemistry. In the Ana/yst only one paper appears to have been 
published, namely, one on the “ Composition of Dutch Butter,” 1901. 

In the Journal of the Chemical Society he published the follow- 
ing papers:—‘‘ Estimation of Phosphoric Acid with Nitrate of 
Silver,” 1888; ‘Separation of Arsenic, Antimony, and Tin,” 1892; 
“The Use of Sodium Peroxide as an Analytical Reagent,” 1893; 
“ Fleitman’s Test with Arsenic Acid,” 1893; “ Improvements in 
Reinsch’s Test for Arsenic,” 1893. 

In the Journal of the Society of Chemical Industry :—‘‘ Com- 
position of Tobacco,” 1884; “ New Method of Estimating Sulphur 
in Pyrites,’ 1885; ‘New Method of Estimating Arsenic in 
Pyrites,” 1887; “ Alloys of Aluminium,” 1887 and 1891; ‘ Trans- 
vaalite, a New Cobalt Mineral,” 1890; ‘“ Analysis of Copper, &c.,” 
1900 ; “ Separation of Bismuth from Lead,” 1900; “ Direct Estima- 
tion of Arsenic in Minerals, Metals, &c.,” 1891; “ Estimation of 
Chromium in Steel,” 1892; “ Estimation of Chromium in Ferro- 
Chromium and Steel,” 1892; ‘“‘ Determination of Arsenic in Alka- 
line Solution,” 1893; ‘Estimation of Nickel and Zinc as 
Phosphate,” 1896; “Estimation of Antimony in Ores and 
Metals,’ 1896. 

In the Journal of the Philosophical Society of Glasgow:— 
“ Action of Phosphuretted Hydrogen on the Animal Organisms,” 
1879; ‘Volumetric Process for the Estimation of Cobalt and 
Nickel,’ 1883; ‘‘ A New Process for the Estimation of Nickel and 
Cobalt,” 1883. 

In the Chemical News :—“ Estimation of Chrom:::m,” 1871. 

Among the public appointments he held were the Public Analyst- 
ships for the counties of Lanark and Renfrew, and the burghs of 
Ayr, Kilmarnock, Girvan, Dumbarton, Kinning Park, Motherwell, 
Partick, Barrhead, Paisley, Renfrew, and Dornoch, and for the 
City of Glasgow, the last-named appointment being held conjointly 
with Mr. Tatlock and Mr. Harris. 

At the time of his death Dr. Clark was President of the Associa- 
tion of Public Analysts of Scotland, as well as of the parent Society 
of Public Analysts, and a member of the Council of the Institute 
of Chemistry, and he had filled the office of Chairman of the 
Scottish Section of the Society of Chemical Industry. 
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His acquisition of French and German at an early age enabled 
him to read, write, and speak these languages with facility, and to 
keep himself abreast of the chemical literature of the Continent. 

Although fully occupied in his professional life, he found time 
and opportunity for physical recreation of various kinds, golfing, 
bowling, and angling, in all of which he excelled, and in this 
capacity received presidential honours from the clubs and associa- 
tions with which he was connected. During his German University 
student days he was a sufficiently orthodox student to earn the 
reputation of a keen duellist, and in moments of early reminiscence 
he was still proud of the scars which constituted the lasting 
trophies of this mimic but sanguinary warfare. His adventures in 
this direction must be put down to his love of sport rather than to 
any natural tendency to quarrel, for his disposition was one of the 
kindliest and most genial, and his bright face and physically hand- 
some presence will be long missed in the circles in which he per- 
sonally moved. Few, probably, have gained greater respect than 
he commanded, both within his profession and in the eye of the 
public, and the loss of his friendship, as well as of his ever-ready 
advice and assistance, will be widely felt. 

R. R. Tariocg. 


FREDERICK JAMES MONTAGUE PAGE. 
Born June 271H, 1848 ; Diep Ava. 167TH, 1907. 


Freperick JAMES MontaGuEe Pace was born at Chelmsford on 
June 27th, 1848, being an only child. When he was eight years 
old he came to London with his parents, and in due course entered 
the City of London School, at that time in Milk Street. While 
there, he carried off many prizes and medals, and obtained the 
“John Carpenter” Scholarship. In 1866, when eighteen years of 
age, he gained an exhibition to the Royal School of Mines, where 
he studied under Huxley, Tyndall, Frankland, and Percy. The 
following year he was first in chemistry and in physics, and at the 
close of his three years’ training, 1869, he took the associateship 
of the Royal School of Mines, again passing first in chemistry and 
first in physics. He took his final B.Sc. London in the same year, 
having passed the preliminary (first class) in 1868 with honours in 
chemistry and ‘“ natural philosophy.’ 

His first appointment on leaving the Royal School of Mines was 
that of assistant gas examiner to the Corporation of the City of 
London, but in 1870 he went to Dr. Thudichum as his assistant, 
where he was occupied for about three years in chemical research 
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undertaken for the Medical Department of the Privy Council. In 
1873 he left Dr. Thudichum to become the assistant of Dr. Burdon 
Sanderson, first at the Brown Institute and subsequently at 
University College, remaining with him until the year 1883, when 
he was appointed lecturer in physics and demonstrator in prac- 
tical chemistry to the London Hospital—appointments he held at 
the time of his death. During the winter of 1879 and 1880 he 
delivered courses of lectures on physics and chemistry at tlie 
Royal Gardens, Kew, and from 1880 to 1906 he gave lectures on 
chemistry and physics at the establishment of the well-known 
tutors, Messrs. Wren and Gurney. He was for two years assistant 
examiner in physiology at London University, and also held an 
examinership at the Society of Apothecaries. 

Page was with the writer of this obituary at the Birmingham 
meeting of the Society of Chemical Industry in July, 1907, and then 
seemed to be in bad health, but put aside the suggestion that he 
should consult a medical man. In August he went to Weymouth 
for a holiday, and, being an excellent swimmer and fond of thie 
sport, he went into the sea, but became unconscious and was 
brought ashore. He was attended by three resident physicians, 
and his colleague, Dr. Head, of the London Hospital, also came 
down to see him, but he never recovered consciousness, and died of 
cerebral hemorrhage on August 16th, 1907, ten days after the 
attack. 

His contributions to science were more physiological than 
chemical; amongst them are a paper “On the Specific Heats of 
Mixtures of Ethyl Alcohol and Water,” published in the Phi/. 
T'rans., 1869, p. 591, in collaboration with Dr. A. Dupré; one ‘“ On 
the Influence of Surrounding Temperature on the Discharge of 
Carbonic Acid in the Dog”; and four papers in conjunction with 
Sir Burdon Sanderson, one being ‘On Mechanical Effects and on 
the Electrical Disturbance Consequent on Excitation of the Leaf 
of Dionea muscipula,” Proc. Roy. Soc., 1877, 25, 4, and the others 
published in Proc. Roy. Soc., 1877, 25, 411; 1878, 27, 410; 1880, 
30, 373; and in J. Physiol., 2, p. 384, “ On Excitatory Processes 
on the Ventricle of the Heart of the Frog.” His only contribu- 
tion to our Journal was in 1876, i, p. 24, describing a simple gas 
regulator for thermostats. In conjunction with Dr. Luff he pro- 
duced a ‘Manual of Chemistry’? and also a_ text-book on 
“Elementary Physics.” 

He served on the Council of the Chemical Society, and five times 
on the Council of the Institute of Chemistry. He was also a 
member of the Society of Chemical Industry and of the 
Physiological Society. 
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He was an enthusiastic musician, no mean performer on the 
piano, and in his younger days had a fine tenor voice—this was 
sweet and sympathetic even up to the time of his decease. 

He was a staunch Churchman, and member formerly of the 
choir of St. Martin’s-in-the-Fields, and subsequently of St. Peter's, 
Eaton Square. He loved “ part singing,’ and was for many years 
a member of the well-known ‘“ Moray Minstrels” and also of the 
“City Glee Club,” of which he had been elected president shortly 
before his death. He was a member of the John Carpenter Club, 
holding the office of president in 1902. 

As a man, all those who knew him well held him in high 
esteem, he was ever ready to do a kindness, and that not merely to 
his intimate friends; his genial manner, ready wit, and sterling 
good sense will long live in the memory of many of us. 

C. BE. G. 


SIR DAVID GAMBLE, Barr., K.C.B. 
Born Fes. 3xv, 1823; Diep Fes. 41x, 1907. 


Sin Davip Gamstez, Bart., K.C.B., was born on February 3rd, 
1823, in Dublin. His father, Josias Christopher Gamble, was 
descended from an Ayrshire family, which removed to Lisbellaw, 
near Enniskillen, in 1620. Jos. C. Gamble removed with his family 
to Lancashire in 1828 to find a suitable site for chemical works. 
This he found at St. Helens, on the banks of the St. Helens Canal. 

David Gamble went to school at Cowley Hill, St. Helens, kept by 
a Mr. Morley, and afterwards at Runcorn. On leaving school he 
studied chemistry at University College, London, under Thomas 
Graham, and afterwards at the Andersonian Institution, Glasgow. 
While in Glasgow he made the acquaintance of the Tennant family, 
with whom the firm had business relations. In 1842, at the age of 
nineteen, he joined his father’s firm, which then became Jos. C. 
Gamble & Son. 

Mr. Gamble was preparing bleach at the Gerards Bridge Works, 
but the anxieties connected with the disputed validity of one of oat 
his patents, added to the claims continually made by landowners 
and agriculturists on account of damage done by escaping hydro- 
chloric acid, had so told on his health that David on coming into 
the firm almost immediately assumed charge. In 1846 the firm was 
Gamble, Son and Sinclair, and very soon afterwards became again 
Jos. C. Gamble & Son. At this time they manufactured alum, as 
well as the products usually made at alkali works. The firm was 
one of the first and largest to manufacture Epsom salts on a large 
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scale from carbonate of magnesia imported from Greece. This 
was, about the ’sixties, much used for weighting calico. 

David Gamble married Elizabeth Haddock, in 1847, and resided 
near to the works, ultimately building the mansion “ Windlehurst ” 
in 1860. His eldest son, Josias Christopher Gamble, the second 
baronet, who died soon after succeeding to the title, joined the 
firm in 1867, which was at that time the first to carry out 
Weldon’s process for the recovery of manganese on a large 
industrial scale. The firm was now Jos. C. Gamble & Son. 
They were also one of the first to make potassium chlorate on a 
large scale, and about 1869 they bought the Hardshaw Brook 
Works, where they manufactured chiefly saltcake, bleach, and 
potassium chlorate. They also manufactured for a short time 
chlorates of barium, aluminium, etc. The firm carried on operations 
on a very large and important scale with increasing success, and 
when the United Alkali Co., Ltd., was formed, in 1890, there was 
some difficulty in inducing Messrs. Jos. C. Gamble and Son to join. 
However, in 1891 they joined the United Alkali Co., which thus 
secured a practical monopoly in Great Britain of alkali manufac- 
ture and kindred industries. 

Sir David Gamble was one of the most active members of the 
*committee which raised funds for the establishment of the Volun- 
teer force in St. Helens in 1859 and 1860. He was captain of the 
first company, and as the force grew he was promoted to be major, 
in which capacity he served so earnestly and with so much skill that 
this force became one of the best equipped and trained units in 
the country. Ultimately he became lieut.-colonel. It was his 
generosity which provided a drill-hall and parade-ground; in 
short, he provided in every way for the efficiency of the 47th 
Lancashire Volunteers during the twenty-seven years that he was its 
commanding officer. He retired in 1887, becoming honorary 
colonel. He was also very fond of the sea, which he enjoyed in 
his own yacht. He was a leading member of the Royal Mersey 
Yacht Club for forty-nine years, becoming vice-commodore in 1873 
and commodore in 1882, a position which he retained until his 
death in 1907. Residing as he did near St. Helens, in the midst 
of a community almost entirely engaged in manufactures, he paid a 
great deal of attention to organising and improving the condition 
of the town and its inhabitants. Taking a leading part in obtain- 
ing the Improvement Act, 1845, he became Chairman of the 
Improvement Commissioners, and when in 1868 St. Helens was 
incorporated, Colonel Gamble became the first mayor, a position to 
which he was re-elected twice in successive years. He was also 
mayor in 1882-3, and again in 1886-7. 
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On the occasion of Queen Victoria’s Jubilee in 1887 he was made 
Commander of the Bath. He was created a baronet in 1897 and 
K.C.B. in 1904. 

Sir David Gamble took a leading part in the foundation of the 
University College, Liverpool, which afterwards became the 
University of Liverpool. He not only contributed liberally and 
repeatedly to its funds, but devoted time and attention to its 
interests as a member of the Court of Governors as well as 
privately. His interests were not confined to the Chemical Depart- 
ment, although to it he was on many occasions a good friend. He 
was always willing in the most courteous way to listen to appeals, 
whether for help or advice, and many important advances were 
due in great measure to his wisdom, his sympathy, and his 
generosity. 

In 1868 Sir D. Gamble built the Windle Schools at Cowley Hill, 
St. Helens. He was a governor of Cowley Schools, and promoted 
the extension of these schools, and also built and equipped a high- 
class technical school and free libray for St. Helens, known as the 
Gamble Institute. 

During sixty-four years of active industrial and public life, Sir 
David Gamble was characterised by the great consideration and 
courtesy which he extended to everyone with whom he had to do 
either in a public or private capacity. Possessed of great ability, 
he spent his energies more for others than for himself. His 
thoughtful care for the workpeople around him led him into 
schemes for their benefit far too many to be enumerated. His 
work and gifts were bestowed in the most unostentatious manner. 
Besides his activity in the public service as a magistrate and other- 
wise, his business ability made him a valued director of Parr’s Bank 
from its foundation, and of other companies. He was a partner in 
iron works at Ditton. He and Mr. Henry Deacon built and started 
the works at Widnes which became the Tharsis Sulphur and Copper 
works there. 

And when, on February 4th, 1907, the day after his eighty-fourth 
birthday, he passed away full of years and still active, the whole 
community of St. Helens, the County of Lancashire, and innumer- 
able friends far beyond the boundaries of the county felt that they 
had suffered an irreparable loss. 

J. CAMPBELL Brown. 
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A. 


Absorption spectra. 
chemistry. 
Acenaphthene styphnate (Grson), T., 
2098; P., 241. 
Acenaphthene, 4-chlero-, and _ its 
picrate (CRoMPTON and CyrIAx), P., 
241. 
Acet-. See also Acetoxy-, Acetyl-, and 
under the parent Substance. 
Acetals, formation and hydrolysis of 
(FIrzGERALD and Lapworrtn), P., 
153. 
Acetanilide, m- and p-nitroso- (CAIN), 
Ring GOL. ¢ Bog 20 
Acetic acid, mercuric salt, action of, on 
hydroxyazo-compounds (SMITH and 
MiTCHELL), T., 842; P., 70. 
Acetic acid, ethyl ester, bistriazo-deriva- 
tive of (ForsTER, F1ERzZ, and Josuva), 
T., 1070; P., 102. 
Acetic acid, amino-. See Glycine. 
bromo- and chloro-, and their salts, 
rate of hydrolysis of, by water and 
by alkali, and the influence of 
neutral salts on the reaction veloci- 
ties (SENTER), P., 89. 

cyano-, ethyl ester, action of phenyl- 
thiocarbimide on (RUHEMANN), T., 
621; P., 53. 

Aceto-. See Acetoxy-, Acetyl-, and 
under the parent Substance. 

Acetone, reaction of, with 
iodide in alkaline solution (MARSH 
and SrruTHERs), P., 266. 

Acetonitrile, additive compound of, with 
silicon tetrabromide (REYNOLDs), P., 
280. 

Acetonylazoimide. See Triazoacetone. 

Acetophenone, reaction of, with mercuric 
iodide in alkaline solution (MArRsH 
and Srruruers), P., 267. 

Acetovanillone. See Apocynin. 


See under Photo- 


| Acetylamino-. 


Acetoxime, influence of acids and 
alkalis on the velocity of formation 
of (BARRETT and Lapworts), T., 
85. 

Acetoxy-. See also under the parent 
Substance. 

p-Acetoxyphenylarsonic acid and its 
sodium salt (BARROWCLIFF, PYMAN, 
and Remrry), T., 1895. 

2-Acetoxytolyl-5-arsonic acid and its 
sodium salt (BARROWCLIFF, PYMAN, 
and Remrry), T., 1896. 

Acetyl-. See also Acet-, Aceto-, Acet- 
oxy-, and under the parent Sub- 
stance. 

a-Acetylisoaconitic acid, ethyl 
anilide of (SIMONSEN), T., 1031. 

See under the parent 


ester, 


Substance. 

Acetylanhydropurpurogallonecarboxylic 
acid (A. G. and F. M. Perxry), T., 
1192; P., 149. 

1-Acetylanilinobenzoxazole (YouNG and 
DunsTAN), T., 1055; P., 136. 

Acetylanthranilie acid, brucine and 
cinchonine salts, and their optical 
activity (Hitpitcn), T., 1391; P., 
186. 


| Acetylation of amino-groups, acids as 


mercuric | 


accelerators in the (SmiTH and Orton), 
T., 1242; P., 182. 

y-Acetylbutyric acid and its semicarb- 
azone and hydrate (HAWoRTH and 
PERKIN), T., 588. 

a-Acetyl-))-diphenylthiocarbamide and 
the action of caustic alkali and of heat 
on (Drxon and Taytor), T., 690; 
ee 

Acetylene, thermal decomposition of 
(BonE and Cowarp), T., 1197; P., 
167. 

Acetylenedicarboxylic acid, alkaloidal 
salts, and their optical activity (H1L- 
piron), T., (06; P.,'61. 


Acetylenic acids, formation of 4-pyrone 
compounds from (RvHEMANN), T., 
431, 1281; P., 52, 177. 
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Acetylketen and its phenylhydrazone- 


phenylhydrazide (CHick and WILs- 

MORE), T., 946; P., 100. 

Acetylsalicylic acid, brucine and cin- 

chonine salts, and their optical activity 

(Hitprirc#), T., 1391; P., 186. 

Acid, C,H,0,, and its esters, from the 
hydrolysis of ethyl 6-methyl-2- 
pyrone-3:5-dicarboxylate (Simon- 
SEN), T., 1027. 

C,H,,0,, from the oxidation of 
1:1:5-trimethyl-A*-cyclohexenone-3 
(CrossLey and GILLIne), P., 130. 

C,,H,,0., and its silver salt, from 
pinene (HENDERSON and HEILBRON), 
T., 291; P., 31. 

Cj 9H,,0., and its chloride, and their 
bromo-derivatives, from pinene 
(HENDERSON and HErLproy), T., 
200; P., 31. 

Co,HygO., from olive leaves (POWER 
and TuTiIn), T., 894; P., 117. 

C.;H,0., and its ethyl ester, from 
olive bark (PowER and Turin), T., 
907 ; P., 117. 

CogH4.0,, from the oxidation of the 
“ketonic acid, CHO, (DortE and 
GARDNER), T., 1331. 

C,,H,,0,, and its silver salt, from the 
oxidation of cholesterol (PIcKARD 
and YaATEs), T., 1686; P., 121. 

CyHyO;, and its dimethyl ester and 
its oxime, from dehydrositostanedi- 
one (PicKAkD and YAarTEs), T., 
1982; P., 228. 

Cy,H,,0;, and its ethyl ester and 
acetyl derivative, from the oxidation 
of cholesterol] (PICKARD and YATEs), 
T., 1685; P., 121. 

CyoH;g0., and its ethyl ester, from 
olive bark (PowrER and TvT1n), T., 
912; P., 118. 

Cy5Hgg0., and its ethyl ester and salts, 
from olive bark (Power and TuT1N), 
ayy Gees Fa 3G, 

C,,H-)0., and its ethyl ester and salts, 
from olive bark (PowrEr and TvTIyN), 
T., 910; P.. 118. 

Acid chlorides, reactions of, with thio- 

carbamides (Dixon and TAyLor),T.,18. 

Acids, modification of the theory of 
(FITZGERALD and LApwortsH), T., 
2163 ; P., 274. 

containing adjacent unsaturated 
groups, optically active salts of 
(Hitpircn), T., 1388; P., 186. 

normal fatty, esterification constants 
of (SupBorovGH and GirTeENs), T., 
210; P., 14. 
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Acids, normal fatty, melting points of 
anilides, p-toluidides, and a-naph. 
thalides of (Robertson), T., 1033: 
P., 120. 

organic, salts, the electrolytic chlorin. 
ation of (INGLIS and Wootton), T., 
1592; P., 174. 

saturated or unsaturated, alkaloid 
salts, relation between optical 
activity and unsaturation in (Hm- 
pircn), T., 700; P., 61. 

unsaturated, of the benzene series, 
relation between the absorption 
spectra and chemical constitution 
of (BALY and ScHAEFER), T., 1808; 
P., 207. 

See also Acetylenic acids, Amino- 
carboxylic acids, Hydroxy-acids, 
a-Hydroxycarboxylie acid, Ketonic 
acids, and a-Oximino-fatty acids. 


Acridines, complex, synthesis of 
(Austin), T., 1760; P., 200. 

Acylhydroxyamines, labile isomerism 
among (TITHERLEY), P., 78. 

Acylsalicylamides, labile isomerism 


among (TITHERLEY), P., 78. 

Address, presidential (RAMsay), T., 774; 

P., 87. 

Adipic acid, mcso-aa’-dihydroxy-, pre- 
paration of, and action of heat on, 
and its.methyl ester, amide, anilide, 
and lactone-lactide (LE SvEvR), T., 
740; F.; 72. 

r-aa'-dihydroxy-, preparation of, and 
action of heat on, and resolution of 
its amide, anilide, and dilactone 
(LE SveEvr), T., 719; P., 70. 

AFFINITY, CHEMICAL :— 

Affinity of certain alkaloids for hydro- 

chlorie acid (VELEyY), T., 2114; 
P., 234. 

residual, of the coumarins and thio- 
coumarins as shown by their 
additive compounds (CLAYTON), 
T., 624; FP... 36. 

Affinity constants of bases as deter- 
mined by the aid of methyl-orange 
(Vuutzy), T., 662, 21223; P., 50, 
238. 

Affinity values of tropine and its 
derivatives (VELEY), P., 280. 

Chemical change, homogeneous, in a 

gas, measurement of a (CLARKE 
and CHAPMAN), T., 1638 ; P., 190. 

dissociation of the polyiodides of the 
alkali metals and ammonium 
radicles (Dawson), T., 1308; P., 
181. 

dynamics of the reactions between 
sodium thiosulphate and organic 
halogen compounds (SLaTorR and 
Twiss), P., 286. 
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AFFINITY, CHEMICAL: 
Dynamic isomerism, studies of (Lowry 
and Macson), T., 107, 119. 
benzyl sulphoxide as a_ possible 
example of (SMyTHE), P., 285. 

Catalysis, examination of the concep- 
tion of hydrogen ions in (Lap- 
worTH), T., 2187; P., 275. 

Hydrolysis of salts, electrometric de- 
termination of the (DENHAM), = 41. 

Velocity of chemical change, deter- 
mination of the, by measurement of 
the gases evolved (LAMPLOUGH), P., 
29; (CAIN and Nico.x), P., 282. 

Velocity of change in solid alloys, 
method for the measurement of 
(BENGOoUGH), P., 145. 

Velocity of hydrolysis of chloroacet- 
ates, bromoacetates, and a-chloro- 
hydrin by water and by alkali, and 
the influence of neutral salts on 
the reaction velocities (SENTrER), P., 
89. 

Velocity of reduction of the oxides of 
bismuth, cadmium, and lead by 
carbon monoxide (BrISLEE), T., 154. 

Alcohol, C,H,,9, and its phenylurethane 

and acid phthalic ester, from pinene 
—— and HeErILpron), T.. 
99§ 2: Bes 

CoH 0, thew the substance C,,H,,0 
(TuTtin), T., 257. 

C,;H,g9, from olive bark (Power and 
form), T., 910; P., 1198. 

See also Keto-alcohol. 

Alcoholic fermentation. 
tion. 

Aldehydes. See Amino-aldehydes. 

(-Aldehydo-8-isooctoic acid, ethyl ester 
(HARDING, Haworru, and PERKIN), 
T., 1968. 

Alkali iodates and periodates, specific 

gravity and solubility of (BARKER), 
i 

metals, polyiodides of, chemical dis- 

sociation of (Dawson), T., 1308 ; 
F., 281. 

polyiodides of, electrolytic dissocia- 
tion of (DAWwson and JAcKson), 
T., 2068; P., 213. 

nitrates, spontaneous crystallisation of 
solutions of (Jones), T., 1739; P., 
196. 

trithionates and tetrathionates (MAc- 
KENZIE and MARSHALL), T., 1726; 
P., 398; 

Alkalis, action of, on sodium alky] thio- 
sulphates (Prick and Twiss), T., 1395, 
1403; P., 179, 185. 

Alkaloids, affinity of —_— for hydro- 
chloric acid (VELEY), T., 2114; P., 
234. 


See Fermenta- 
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| Alkyl haloids, interaction of, with alu- 
minium (SPENCER and WALLACE), 
T., 1829; P., 194. 
direct interaction of, with magnesium 
(SPENCER and CreEewpson), T., 
1821; P., 194. 
iodides, effect of heat on (KAHAN), T., 
132. 
sodium thiosulphates, action of alkalis 
on (Price and Twiss), T., 1395, 
1403 ; P., 179, 185. 

Alkylsulphine perbromides and period- 

| ides (TINKLER), T., 1611; P., 191. 

| Alloys, method for the measurement of 

| rate of change in solid (BENGOUGH), 
P., 145. 

Allylazoimide and its dibromide and di- 
azoamino-compound (Forster and 
Frerz), T., 1174; P., 143. 

| Allylthiocarbamide, reaction of, with 

| acetyl chloride (Dixon and TayLor), 

| ., 22 

Allylthiocarbimide, action of, on ethyl 
sodiomalonate (RUHEMANN), T., 625. 

Aluminium, interaction of, with alkyl 
haloids (SPENCER and WALLACE), T., 
1829; P., 194. 

Aluminium carbide, formation of (PRING), 
T., 2003; P., 246. 

hydroxide, amphoteric 
(Woop), T., 417; P.,.1 

Amides, molecular complexity of, in 
various solvents (Mrtprum = and 
Turner), T., 876; P., 98. 

Amidines, the chemistry of the (Youne 
and Dunsran), T., 1052; P., 136. 
Amine, ©,H,,N, and its hydrochloride 
and platinichloride, from pinene (HEN- 
pERSON and HEILBRON), T., 293; 

Fp, On: 

Amines, interaction of, with 2:3:5-tri- 
nitro-4-acetylaminophenol (MEL- 
poLA and Hay), T., 1659; P., 197. 

fatty, affinity constants of, as deter- 
mined by the aid of methyl-orange 
(Vutzy), T., 661; P.;, 56. 

primary, compounds of, with cobalti- 
nitrites (CUNNINGHAM and PERKIN), 
P., 242. 

See also Bases. 

Amino-aldehydes and amino-ketones of 
the aromatic series, relation between 
the absorption spectra and chemical 
constitution of (BALY and MARSDEN), 
T.,. 2108: P., 285: 

Aminoalkyl esters, relation between 
chemical constitution and physiological 
action in certain substituted (PYMAN), 
T., 1793; P., 208. 

Aminocarboxylic acids, affinity constants 
of, as determined by the aid of methyl- 
orange (VELEY), T,, 662; P., 50. 
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Amino-groups, acids as accelerators in 
the acetylation of (SmiTH and Orton), 
T., 1242; P., 132. 

Amino-ketones and amino-aldehydes, re- 
lation between the absorption spectra 
and chemical constitution of (BaLy 
and MarspEN), T., 2108; P., 235. 

Ammonia, chemical action of radium 
emanation on (CAMERON and Ramsay), 
T., 984; P., 182. 

Ammonium chromate, dichromate, and 

trichromate, slow decomposition of, 
by heat (BaxL), P., 136. 
dichromate, decomposition of, by heat 
(Hooton), P., 27. 
periodate, specific gravity and solu- 
bility of (BARKER), T., 17. 

Ammonium cyanate and carbamide, iso- 
merism of (PATTERSON and McMi11- 
LAN), T., 1050; P., 135. 

thiocyanate and thiocarbamide, iso- 
merism of (PATTERSON and McMIL- 
LAN), T., 1049; P., 135. 

Ammonium compounds, optically active, 
effect of constitution on the rotatory 
power of (JonEs and HILL), T., 295; 
P., 28. 

Ammonium radicles, chemical dissocia- 
tion of polyiodides of (Dawson), T., 
1308 ; P., 181. 

electrolytic dissociation of polyiodides 
of (DAwson and Jackson), T., 2063 ; 
P., 213. 

Amygdalin, hydrolysis of, by emulsin 
(AvuLp), T., 1251, 1276 ; P., 97, 181. 

1-Amyl alcohol, sulphur derivatives of, 
and their optical activity (H1LpITCcH), 
T., 1619; P., 195. 

isoAmyl arsenite (LANG, MAcKEy, and 
GortTNER), T., 1367; P., 150. 

Analysis, new form of potash bulb for 
(Hi11), P., 182. 

electrolytic, rapid, of metals (SAND), 
T., 1572; P., 189. 

Anhydrobrazilinic acid, synthesis of 
(PERKIN and Ropinson), T., 489; 
F<, 64. 

Anhydro-S-phenety1-3:3'-dinitrophen- 
azothionium (SMILES and HILpiTcH), 
T., 150. 

Anilides, p-toluidides,and a-naphthalides 
of normal fatty acids, melting points 
of (Ropertson), T., 1033; P., 120. 

Aniline, acetyl derivative. See Acet- 
anilide. 

di-o-substituted, preparation of mono- 
acetyl derivatives of (SmMirH and 
OrTon), T., 1249; P., 182. 

picrate, m-nitro- (Gipson), T., 2100; 
P., 242. 

styphnate, m-nitro- (Gipson), T., 2100; 
| oe | 8 


SUBJECTS. 


| Anisole, sulphination of (SMILEs and 


Aniline, 2:6-dibromo-, preparation of 
(Ontron and PrEarson), T., 735. 
p-nitro-, chlorination of (FLix. 
scHEIM), T., 1772; P., 211. 
Anilinobenzoxazole and its acetyl de. 
rivative (YounG and Dunstan), T,, 
1052; P., 136. 
Anilodihydrobenzoxazole. 
phenylcearbamide. 
Anisoin, alkylation of (IRVINE and 
McNico.z), T., 1605; P., 191. 


See s-Dj. 


Le RossiGNou), T., 755. 
Anisyl-sulphoxide and -sulphone 
(Smites and LeE_ Rossicnou), T. 
755. 
Anisylideneaniline hydrochloride (Popg 
and FLemine), T., 1916. 
Anisylidene-a-naphthylamine and its 
hydrochloride (PorE and FLEMins), 
T., 1916. 
1-Anisyl-2-methylbenziminazoles, 0-, ., 
and p-, 4:7-dinitro-6-hydroxy, and 
their salts and derivatives (MELDOLA 
and Hay), T., 1674. 
Anisyl-. See also Methoxypheny!-. 
Annual General Meeting, T., 763; 
P., 81. 
Anthracene, oxidation of (LAw and 
PERKIN), T., 1637; P., 195. 
Anthranilic acid, brucine and cinchon- 
ine salts, and their optical activity 
(Hivpircn), T., 13890; P., 186. 
Anthraquinones, researches on _ the 
(BENTLEY and WeEIzMANN), T., 435; 
P., && 
Antimony, the electroanalytical deposi- 
tion of (SAND), T., 1572; P., 189. 
Apocynin (acctovanil/lonc), isolation and 
constitution of, and its derivatives 
(FINNEMORE), T., 1513; P., 171. 
new synthesis of, and its benzoyl 
derivative (FINNEMORE), T., 1520; 
P., 171. 
Apocynol and its benzoyl derivative 
(FINNEMORE), T., 1521; P., 171. 
Apocynum cannabinum, constituents of 
(FINNEMORE), T., 1513; P., 171. 
Arsenic :— 


Arsenious acid, esters (LANG, 
MackEy, and Gorrner), T., 
1364; P., 150. 

Arsenious hydroxide, amphoteric 
character of (Woop), T., 412; P., 
15. 


Arsenic organic compounds (Morcan 
and MICKLETHWaAI?), T., 2144; P., 
268. 

Arsinic acids, aromatic (PyMAN and 
REYNOLDs), T., 1180 ; P., 143. 
Arsonic acids, aromatic (PyMAN and 
REYNOLDs), T., 1180; P., 143. 


ite 
and 
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Arsenic :— 

Arsonic acids, aromatic, and their 
physiological action (BARROWCLIFF, 
PymMAN, and Remrry), T., 1893; 
P., 229. 

Aryl halides, interaction of, with mag- 
nesium (SPENCER and Sroxses), T., 
68. 

Arylsulphonylbenzidines and their di- 
azonium salts (MorGAN and MICKLE- 
THWAIT), T., 614; P., 51. 

Aspartic acid, condensation of, with 
aminopinenedicarboxylic acid (Gop- 
DEN), T., 1173; P., 144. 

Atomic weights, report of the Inter- 

national Committee on, P., 2. 

table of, P., 5. 

relative, of chlorine and hydrogen 
(Gray and Burr), P., 215. 

Azobenzene, action of mercuric acetate 
on (SMITH and MIrcHELL), T., 847. 

Azobenzene-4’-arsonic acid, 4-hydroxy-, 
and its sodium salts (BARROWCLIFF, 
PyMAN, and RemFiy), T., 1896. 

Azo-compounds, constitution and colour 
of (Fox and Hewitt), T., 333; P., 6. 

Azo-sompounds, hydroxy-, constitution 

of, and the action of diazomethane 
and of mercuric acetate on (SMITH 
and MircHE.t), T., 842; P., 70. 

p-hydroxy-, salts of, with acids, colour 
and constitution of (Fox and 
Hewitt), T., 333 ; P., 6. 

Azomethine compounds, colour and con- 
stitution of (Porg), T., 532; P., 24; 
(PorE and Fiemine), T., 1914; P., 
228. 

Azoxybenzene, products of reduction 
of (Berry), P., 211. 

Azoxybenzene, bromodinitro- 
SCHEIM and Simon), T., 1480. 

Azoxy-compounds, aromatic, formation 
of, from nitro-derivatives (FLU RSCHEIM 
and Simon), T., 1463. 

Azoxy-xylene, dinitro- 
and Simon), T., 1480. 


B. 

Balance Sheets of the Chemical Society 
and of the Research Fund. See 
Annual General Meeting, T., 769. 

Barbituric acid derivatives, liberation 
of iodine from hydriodie acid by 
(WHITELEY), P., 288. 

Barium nitrate, polymorphism of (Bar- 

Low and Popsg), T., 1532. 
nitrite, molecular volumes of (RAy), 
P., 240. 

Bases, affinity constants of, as deter- 
mined by the aid of methyl-orange 
(VeLEyY), T., 652, 2122; P., 50, 238. 

See also Amines. 
XCIII. 
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Benzaldehyde, o-, m-, and p-chloro-, and 
m- and p-nitro-, semicarbazones of 
(Law and PERKIN), T., 16385; 
P., 196. 

dihydroxy-, methyl ether of, and its 
oxime, phenyhydrazone, and 
sodium derivative from the root of 
a species of Chlorocodon (GoULDING 
and PELLy), P., 62. 
Benzsyvaldoxime, -iodo-, velocity of re- 
arrangement of, in n-propyl tartrate 
(PATTERSON and MecMILtay), T., 
1047; P., 135. 

| Benzamide, condensation of, with salicy]- 

| aldehyde (TirHERLEY and MARPLES), 

| T., 1983; P., 229. 

Benzene, bromonitroamino-derivatives, 
the wandering of bromine in, and 
their reduction (OrTON and PEAR- 
aon), 'T., tan: Bae 

:4- and 2:6-dibromo-1-nitroamino-, 

preparation and transformation of, 

and their barium salts (ORTON and 

PEARSON), T., 729; P., 62. 

:2-dihydroxy-. See Catechol. 
1;3-dihydroxy-. See Resorcinol. 
1:4-dihydroxy-. See Quinol. 

Benzeneazo-//-bromo-y-cresol, action of 
mercuric acetate on (SMITH and 
MiTrcHELL), T., 851. 

Benzeneazo-y-cresol and m-bromo-, ac- 

tion of mercuric acetate on (SMITH 
and MITCHELL), T., 851. 

and p-chloro-, action of diazomethane 
on (SmirH and MircHe.), T., 
846. 

mercuri-acetate and -chloride (SMITH 
and MITCHELL), T., 851; P., 71. 

| Benzeneazo-p-cresyl methyl ether, p- 
chloro- (SmirH and MircHe tt), T., 
846. 

Benzeneazo-3-hydroxypyridine (MILLS 
and Wippows), T., 1378; P., 174. 

| Benzeneazo-a-naphthol, 2:4:6- ¢ribromo- 

| (Orron and Everatr), T., 1020. 

| Benzeneazo-8-naphthol, p-chlorv- (Or- 

Ton and Everatr), T., 1020. 

Benzeneazo- a -naphthols, a- and B-, 
action of diazomethane on (SmitH and 

MircHELL), T., 845; P., 71. 

Benzeneazo-o-nitrophenol, mercuri-acet- 

| ate and -bromide (Smiru and Mir- 

CHELL), T., 850. 

| Benzeneazo-orcinol, p-mono- and s-tri- 

| 


bo 


— 


bromo- (OrToN and Everatrt), T., 
1019. 

Benzeneazophenol and its bromo-deri- 
vatives, mercuri-salts of (SMITH and 
MirTcHELL), T., 847 ; P., 71. 

action of diazomethane and of mer- 
curie acetate on (SMITH and Mirt- 
CHELL), T., 845. 


_ 
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5-Benzeneazo-2-pyridone, synthesis and 
reduction of, and its chloro-derivative 
(Mitts and Wippows), T., 1372; 
a fo 

Benzene-4-azoresorcinol, p-mono- and s- 
tri-bromo- and p-nitro-, and their 
salts (OnTON and Everarrt), T., 1017. 

2’-Benzeneazotoluene-5-arsonic acid, 


4-hydroxy-, and its sodium salts | 
(BARROWCLIFF, PYMAN,and REMFRy), 


T., 1898. 

Benzenediazonium salts. 
benzene salts. 

Benzenehexacarboxylic acid. 
litic acid. 

Benzenesulphinic acid, alkaloidal salts, 
and their rotatory power (HILDITCH), 
T., 1621. 

Benzenesulphonic acid, alkaloidal salts, 
and their rotatory power (HILDITCH), 
a... 1081. 

Benzil (dibenzoy?), 


See Diazo- 


See Mel- 


3:4:3':4'-tetra- 


hydroxy-, and its tetrabenzoyl deriva- | 


tive (BARGER and Ewrns), T., 737 ; 
P., 60. 

Benzoic acid, brucine and cinchonine 
salts, and their optical activity 
(Hitpircx), T., 1390. 

Benzoic acid, 0-amino-. See Anthranilic 

acid. 

hydroxy-derivatives, electrolytic oxi- 
dation of (A. G. and F. M. Perxrn), 
T., 1186; P., 149. 

o-hydroxy-. See Salicylic acid. 

3:4-dihydroxy-. See Protocatechuic 
acid. 

3:4:5-trihydroxy-. See Gallic acid. 

Benzoin, alkylation of (IRVINE and 

MeNico.t), T., 1604; P., 191. 


INDEX OF SUBJECTS. 


condensation of, with methyl alcohol | 


(InvinE and McNico.1), T., 950; 
P., 119. 
ethyl ether, melting point of (InvINE 
and McNicott), T., 1601. 
1-Benzoin, preparation of (McKENZIE 
and Wren), T'., 309; P., 25. 
Benzoinoxime, alkylation of (IRVINE 
and Moopieg), T., 103. 
p-Benzoquinone, constitution of (HArRT- 
LEY), P., 285. 


| 


absorption spectra of, in a state of | 


vapour and in solution (HARTLEY 
and LEonarpD), P., 284. 
Benzoxy-. See Benzoyloxy-. 
Benzoyl-. See also Benz-, and under 
the parent Substance. 
Benzoylacetylacetone and the action of 
phenylhydrazine on (RUHEMANY), T., 
1283 ; P., 178. 
Benzoylanthranilic acid, brucine and 
cinchonine salts, and their optical 
activity (Hr_prrcn), T., 1391; P., 186. 


5-Benzoyl-1:3-diphenylbarbituric acid, 


a-Benzoyl1-bb-diphenylthiocarbamide 
8-Benzoyl-a-A'-cyc/ohexenepropionic 
8-Benzoy1-a-1-methyl-A*-4-cyc/ohexene- 


Benzoyloxydiphenylamine, bromo-deri- 


8-Benzoyloxy-8-3:4-methylenedioxy- 


Benzoylsalicylic 


Benzoylthiocarbimide and its reactions 


Benzyl arsenite (LANG, Mackey, and 


Benzylethylisobutylsilicol and its chlor- 
Benzylethyldipropylsilicane and _ its 
Benzylethylpropylsilicyl oxide and its 
Benzylethylsilicon dichloride, prepara- 


Benzylethylsilicone (Ropison and Krr- 


5-bromo-, preparation of, and the 
estimation of bromine in (WHITELEY), 
P., 288. 


(Dixon and Taytor), T., 693; P., 
74. 


acid, a-cyano-, ethyl ester (HARDING, 
HawortH, and PERKIN), T., 1958. 


propionic acid, ethy] ester (HARDIN«, 
Hawortn, and Perkin), T., 1966. 


vatives (SMirH and Orton), T., 818; 


P., 27. .y 24 
Benzoyloxyethylamine, p-amino-, and Benzyli 
its hydrochloride, picrate, and dibenz- nitro- 


oyl derivative (Forster and Frerz), Benzyli 
T., 1860; P., 227. 
phenylethyldimethylamine and _ its 
additive salts and physiological action 
(Pyman), T., 1796; P., 208. 
acid, brucine and 
cinchonine salts, end their optical 
activity (Hiupitcu), T., 1391; P., 
186. 


(Drxon and Taytor), T., 692; P., 
74. 


GortNER), T., 1370; P., 151. 
bromide, p-nitro-, interaction of, with 
isonitrosocamphor in presence of 
silver oxide (FoRSTER and Homes), 
T., 360; ¥., 9. 
chloride, p-nitro-, interaction of, with 
isonitrosocamphor in presence of 
sodium ethoxide (Forsrer and 
Houimgs), T., 248; P., 8. 
sodium thiosulphates, 0-, m-, and p- 
nitro-, and the action of alkalis on 
(Price and Twiss), T., 1403; P., 
185. 
sulphoxide, a possible example of 
dynamic isomerism (SMYTHE), 
P., 285. 


Bis-2-ace 
and i 
REYNC 

Bis-p-am 
sodium 
REYN¢ 

Bis-2-am 
sodiun 
T., 11! 

Bis-1-cys 
salts (1 

Bishydro 
and W 

tion of (LurF and Krppine), T., Bismuth 

2005. of, by 

existen 

T., 154 


ide and oxide, synthesis of (Lurr and 
Krpptne), T., 2006; P., 224. 


sulphonation (MARSDEN and KIprtne), 
T., 196; F., 1% 


sulphonation (MARSDEN and KIpPING), 
T., 198; P., 12. 


PING), T., 439; P., 25. 
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Benzylideneacetophenone, 2-hydroxy-, 
action of hydrochloric acid on 
(Perkin, Ropinson, and TURNER), 
T., 1110. 

Benzylidene-1-amino-8-naphthol, p- 
nitro-, hydrochloride of (Porr and 
FLEMING), T., 1918. 

Benzylidene-4-amino-a-naphthol, p- 
nitro- (Pore), T., 536. 

Benzylidene-p-aminophenol hydrochlor- 
ide and o- and p-nitro-, and their 
hydrochlorides (PopE and FLEMING), 
T., 1915. 

Benzylidene-o- and -p-aminophenols, 
and m- and p-nitro- (Pope), T., 533 ; 
F., 6. 

Benzylidene-5-aminosalicylic acid, p- 
nitro- (PoPE), T., 534. 

Benzylideneaniline, o-hydroxy-, and its 

m'- and  p’-nitro-derivatives 
(Pore), T., 585; P., 24. 

and its p’-nitro-derivative, hydro- 
chlorides of (PorE and FLEMING), 
T., 1916. 


Benzylidene-o-anisidine, p-nitro-, and 


its hydrochloride (PorE and FLEMING), 
Z., 1927. 

Benzylidene-p-anisidine, hydrochloride 
and p-nitro-, and its hydrochloride 
(Pork and FLemtne), T., 1915. 

Benzylidene-a-naphthylamine, o-hydr- 
oxy-, and its hydrochloride (Pore and 
FLEMING), T., 1916. 

Benzylidene-p-phenetidine hydrochlor- 
ide and its nitro-derivatives and their 
hydrochlorides (PopE and FLEMING), 
T., 1916. 

Benzylisothioanilinocyanomalonic acid, 
ethyl ester (RUHEMANN), T., 627. 

Benzyl/sothioanilinomethanetricarb- 
oxylic acid, diethyl ester (RvHE- 
MANN), T., 625; P., 53. 

Bis-y-acetylaminophenylarsinic acid 
and its sodium salt (PyMAN and 
ReYNOLpDs), T., 1185; P., 144. 

Bis-2-acetylaminotolyl-5-arsinic acid 
and its sodium salt (PyMAN and 
Reynoups), T., 1183; P., 143. 

Bis-y-aminophenylarsinic acid and its 
sodium and barium salts (PYMAN and 
REYNOLps), T., 1184; P., 144. 

Bis-2-aminotolyl-5-arsinic acid and its 
sodium salt (PyMAN and RryNoxps), 
T., 1189 P., 248; 

Bis-l-cyano-2-hydroxyindene and _ its 
salts (Moore and Tuorpe), T., 178. 

Bishydroxypyridylearbamide (MILLS 
and Wippows), T., 1382; P., 174. 

Bismuth oxide, velocity of reduction 
of, by carbon monoxide, and the 
=", of the suboxide (BRISLEE), 
-» 154, 


2301 


Bismuth ion, bivalent, existence in 
aqueous solutions of a (DENHAM), 
T., 888; P., 76. 

Bis-2:4:6-/7/nitrophenyl-p-phenylene- 
diamine (Morcan and MICKLE- 
THWAIT), T., 609. 

Bis -m- and -p-nitrosoacetanilides 
(CAIN), T., 682. 

Bistriazoacetic acid, ethyl ester 
(ForsTeR, FrErz, and Josnua), T., 
1073; P., 102. 

1:2-Bistriazoethane and the action 
of magnesium phenyl bromide on 
(Forster, Frerz, and Josnva), T., 
1071; P., 102. 

Books, gift of, from Sir Henry E. 
Roscoe, P., 278, 289. 

Boron thiocyanate (CocKsEDGE), T., 
2177; P., 270. 

Brazilein and its derivatives (ENGELS, 
PERKIN, and Rosrnson), T., 1115; 
P., 148. 

methylation of (ENGELS, PERKIN, 
and Roprnson), T., 1131. 

Brazilic acid, constitution of (PERKIN 
and Roprnson), T., 502. 

Brazilin and haematoxylin and their 
derivatives (ENGELS, PERKIN, and 
Rosinson), T., 1115; P., 148. 

constitution of (PERKIN and RosIn- 
son), T., 489 ; P., 54. 

Brazilinic acid, synthesis of (PERKIN 
and Ropinson), T., 489; P., 54. 

Bromides, delicate test for, alone, or in 
solution with chlorides (JAMIESON), 
P., 144. 

Bromine absorption of unsaturated com- 
pounds, apparatus for the determina- 
tion of the (CRossLEY and RENOUF), 
T., 648. 

Burette, gas new form of (Hitt), T., 
1857 ; P., 210. 

Burettes, gas, a combined stopcock and 
capillary connecting tube for (HILL), 
P., 95. 

Butanedicarboxylic acids. See Adipic 
acid and zsoPropylmalonic acid. 

Butane-aayy-tetracarboxylic acid, 35- 
hydroxy- (StmonsEN), T., 1781. 

Butanone-2 (methyl ethyl ketone) azo- 
imides of (ForsTER and FiErz), T., 
669; P., 54. 

isoButyl arsenite (LANG, MAcKEy, and 
GortnEr), T., 1367; P., 150. 


C. 


Cadmium oxide, velocity of reduction of, 
by carbon monoxide and the existence 
of a suboxide (BRISLEE), T., 154. 

Cadmium ion, univalent, existence in 
aqueous solutions of a (DENHAM), T., 
833 ; P., 76. 


4 
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Cesium iodate and periodate, specific | 


INDEX OF 


gravity and solubility of (BARKER), 


T., 16. 


nitrate, crystallisation of (JonxEs), T., | 


1743 ; P., 196. 


trithionate and its monohydrate (Mac- | 


KENZIE and MARSHALL), T., 1736; 
P., 199. 

Cesium and rubidium, estimation of 
(MacKENZIE and MArsHatt), T., 
1738 ; P., 200. 

Calcium carbonate, polymorphism of 

(BaRLow and Pore), T., 1528; 
P., 193. 
reaction of, with chlorine water 
(RicHAaRrpson), T., 280. 
nitrite, molecular volumes of (RAy), 
P., 240. 
oxide (dime), solubility of, in water 
(Moopy and Leyson), T., 1767; 
P., 202. 

Camphor, absorption spectrum of (Harr- 

LEY), T., 961; P., 120. 

mercury derivatives (MaRsH and Strv- 
THERS), P., 267. 

double salts of, with potassium iodide 
and mercuric iodide (MarsH and 
SrruTHERs), P., 266. 

Camphor, a-bromo-, action of amyl 
nitrite on, in presence of sodium 
ethoxide (CLARKE, LAPWORTH, and 
WeEcHSLER), T., 40. 

imino-, action of formaldehyde on 
(ForsTER and HoLMEs), T., 250; 
,e& 
nitro-, influence of impurities on the 
mutarotation of (Lowry and 
Macson), T., 107. 
action of carbonyl chloride in arrest- 
ingisomeric change in (Lowry and 
Mageson), T., 119. 
tsonitroso-, action of diazomethane on 


the two modifications of (FoRsTER | 


and Hotmes), T., 242; P., 8. 
interaction of, with p-nitrobenzyl 
bromideand chloride(ForstTER and 
HoumgEs), T., 248; P., 8. 
N-ethyl ether of (Forster and 
Ho.tmes), T., 251; P., 9. 
d-Camphor, sulphur derivatives of, and 
their rotatory power (HILDITcH), T., 
1619; P., 195. 
Camphorquinone, action of hydrogen 
peroxide on (ForstER and HoLMEs), 
z., es F., % 


Carbamide and ammonium cyanate, iso- | 


merism of (PATTERSON and MoMIL- 
LAN), T., 1050; P., 135. 


Carbamides, thio-. See Thiocarbamides. | 


Carbanilide. See s-Diphenylcarbamide. 


Carbides, formation of some (PRING), | 


T., 2101; P., 240. 


' 
| 
| 
| 
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Carbon, apparatus for experiments at 


high temperatures and pressures on 
(THRELFALL), T., 1333; P., 131. 
direct union of, with hydrogen (Bong 
and CowarD), T., 1975; P., 222, 
reducibility of magnesium oxide by 
(StapE), T., 327; P., 29. 1 
Carbon oxides, chemical action of radium 
emanation on (CAMERON and Ram. 
say), T., 981; P., 182. 
dioxide, decomposition of, by the 
silent electrie discharge (HoL’), P., 
271. 

Carbonyl chloride, action of, as an agent 
for arresting isomeric change (Lowry 
and Macson), T., 119. 

Carbonyldioxybenzene, 
(BARGER), T., 566. 

3:4-Carbonyldioxybenzoic acid and its 
methyl, phenyl, and methoxyphenyl 
esters, chloride, and anilide (BanceEr), 
T., 568. 

Carbonyldioxymethylthionaphthen, di- 
chloro- (BARGER and Ewins), T., 
2090. 

a-3:4-Carbonyldioxyphenylethane, §- 
dichloro- (BARGER), T., 2084; P., 
237. 

a-3:4-Carbonyldioxyphenylpropane, a§- 
dichloro- (BARGER), T., 2085 ; P., 237. 

Carbonyldioxythionaphthen, 4:5(or5:6)-, 
1:2-dichloro- (BARGER and Ewin;), 
T., 2087. 

Carboxy-a-acetylglutaric acid, ethyl 
ester, synthesis and hydrolysis of 
(StmonseEn), T., 1786. 

8-Carboxy-5-acetylvaleric acid and its 
oxime and semicarbazone (MELDRUM 
and PERKIN), T., 1427. 

2-Carboxy-4:5-dimethoxyphenylacetic 
acid, preparation of (PERKIN and 
Roprnson), T., 516. 

Carboxyethylthiocarbimide and the ac- 
tion of diphenylamine on (Drxon and 
Tay.or), T., 697 ; P., 74. 

2-Carboxy-5-methoxyphenoxyacetic acid 

(ENGELS, PERKIN, and Robinson), 
T., 1146. 

synthesis of (PERKIN and RosiNsoy), 
T., 504. 

a- Carboxymethyl-ab-diphenylthiocarb- 
amide, preparation of (Dixon and 
TAYLor), T., 697; P., 74. 

Carboxymethylthiccarbimide and the ac- 
tion of diphenylamine on (D1xoy 
and TAYLOR), T., 696; P., 74. ; 

Carvestrene dihydrobromide and di: 
hydrochloride, formation of (FisHEt 
and PERKIN), T., 1888. 

isoCarvestrene (A®*(%)-m-menthadiene), 
synthesis of (FisHER and PERKIN), 
T., 1876; P., 228. 


formation of 


Cate 


ar 


an 


water, 
bon 


INDEX OF 


Catalysis. See under Affinity, chemical. 
Catechol, reaction of diazonium salts with 
(Orton and Everatt), T., 1021; 
P., 118. 
derivatives, methylene ethers, action 
of phosphorus pentachloride on 
(BARGER), T., 2081; P., 237. 
action of thionyl chloride and of 
phosphorus’ pentachloride on 
(BARGER), T., 563; P., 50. 
action of thionyl chloride on (BAr- 
GER and Ewins), T., 735; P., 
60. 
Chemical change. 
chemical. 
constitution, and absorption spectra, 
relation between (BALY and 
Descn), T., 1747; P., 173; (BALY 
and ScHAEFER), T., 1808; P., 
207 ; (BALyand Tuck), T., 1902; 
P., 223; (BALY and MArRspEy), 
T., 2108 ; P., 235 ; discussion, P., 
236; (Baty, CoLLiz, and War- 
son), P., 268. 
relation of, to colour and fluorescence 
(SILBERRAD and Roy), P., 204. 
and colour of azomethine compounds 
(Pork), T., 5382; P., 24; (Popr 
and FLEMING), T., 1914; P., 
228. 
and dielectric constant, relation be- 
tween (STEWART), T., 1059 ; P., 
124. 
and physiological action, relation 
between, in certain substituted 
aminoalkyl esters (Pyman), T., 
1793; P., 208. 
and viscosity, relation between (DuN- 
sTaAN and THoLe), T., 1815; P., 
213 ; (DUNSTAN and Srvusss), T., 
1919; P., 224. 


See under Affinity, 
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Chlorocodon from Uganda, a new isomer- 
ide of vanillin from (GovuLDING and 
PELLY), P., 62. 

a-Chlorohydrin, rate of hydrolysis of, by 
water and by alkali, and the influence 
of neutral salts on the reaction velo- 
city (SENTER), P., 89. 

Cholestenone and its oxonide (DoREE 
and GARDNER), T., 1328; P., 173. 
Cholesterol, action of fused potassium 
hydroxide and of hydrogen per- 
oxide on (PicKARD and YATEs), 

T., 1678; P., 121. 
ozonide of (DorfkE and GARDNER), 
Tvs 1881.3 P.; 178. 


| Cholesterol group, contributions to the 


effect of, on the optical activity of | 


nitrogen compounds (EVERATT), 
T., 1225; P., 148. 

effect of, on the rotatory power of 
optically active ammonium com- 
pounds (Jones and Hii), T., 
295 ; 4 

effect of, on the rotatory power of op- 
tically active nitrogen compounds 
(EVERATT and Jongs), T., 1789; 
P., Mie 

dissociation and dynamics. 
Affinity, chemical. 


Chlorination, electrolytic, of the salts of 


organie acids (INGLIS and Wootton), 
T., 1592; P., 174. 


Chlorine and hydrogen, relative atomic | 


weights of (Gray and Burt), P., 
215. 

Water, reaction of, with calcium car- 
bonate (RicHARDsON), T., 280. 


See under | 


| 
| 
| 
| 
| 
| 
| 


chemistry of the (PICKARD and YATEs), 
T., 1678, 1928; P., 121, 227. 

Chromium sesywioxide, reduction of, by 
carbon (GREENWOOD), T., 1488; P., 
188. 

Chromous chloride, preparation of 
pure, and its hydrates (Ricu), P., 
215. 

Cinnamic acid, alkaloidal salts, and their 
optical activity (HiLpitrcH), T., 703 ; 
F., i. 

Cinnamic acid, bornyl and menthyl 
esters, optical properties of (HIL- 
pitcn), T., 1 

menthyl ester, optical rotatory power 
of (H1LpiTcH), P., 286. 

Cobaltinitrites, studies on the (CUNNING- 
HAM and PERKIN), P., 212. 

Colloidal solutions, viscosity of (Faw- 
sitT), T., 1064; P., 121. 

Colour and constitution of azomethine 

compounds (Pore), T., 532; P., 24 ; 
(Pore and FLemMinG), T., 1914; P., 


228. 

and fluorescence, relation of, to consti- 
tution (SILBERRAD and Roy), P., 
204, 


in the triphenylmethane series, cause 
of (GREEN), P., 206. 

Colouring matters of the stilbene group 
(GREEN and BappiILey), T., 1721; 
P., 201. 

Co-ordinated compounds, constitution of 
BricGs), T., 1564; P., 94. 

Copper, interaction of, with nitric acid 
in presence of metallic nitrates 
(RENNIE, Hice1n, and CooKe), T., 
1162; P., 141. 

direct action of radium on (PERMAN), 
T., 17763 P,, 216. 

Copper alloys, colorimetric method for 
the estimation of small percentages 
of iron in (GREGORY), T., 93. 

Cupric salts, colour of, in aqueous 
solution (StpGwick and TiIzarp), 
Ty, Ber 


OR Oy, 
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Coprostanone and its oxime, semicarb- 
azone, and phenylhydrazine compound D. 
(DorEE and GARDNER), T., 1628; P., ; © 
196. Daiura Meteloides, meteloidine from Diazo' 
Coprosterol (DorfE and GARDNER), T., (PymAn), T., 2077; P., 284. ides 
1625; P., 196. Dehydrocholestanedionol (vxycholestene- (CH 
y-Coprosterol and its acetate and benzoate diol), formation of (PICKARD and Diben 
(Dorée and GARDNER), T., 1630; P., YarEs), T., 1684; P., 121. Diben: 
196. Dehydrositostanedionol, Dehydrosito- Sub 
Coumarin and thio-, and their mercuri- stenedione and its phenylhydrazone, a8-Dil 
chlorides (CLAYTON), T., 525; P., and Dehydrositostanedione and its reac 
26. dioxime (PickKaRD and YATEs), T., ny 
He Coumarin, 6- and 7-chloro-, formation 1981; P., 227. s-Di-8 
i of (CLayTon), T., 2021. Dehydrositostanetriol and its acyl de. and 
«3 Coumarins and thio-, residual affinity of, rivatives (PicKARD and YAreEs), T., acti 
3 as shown by their additive com- 1930; P., 227. By-Dil 
pounds (CLAyTon), T., 524; P., | Density, apparatus for determining the, and 
26. See Pyknometer. acti 
formation of (CLAyToN), T., 2016; of solids, use of the micro-balance By-Dit 
P., 229. for the measurement of (BRILL and and 
4 o-Cresol, 3-bromo-, 3-bromo-5-nitro-, and Evans), T., 1442; P., 185. acti 
: its potassium salts, and 5-bromo-3- | Dextrose derivatives, constitution of +-B6-D 
nitro-, potassium salts of (ROBERTSON), (IrviInE and GiLMovr), T., 1429; and 
T., 789; P., 73. P., 186. acti 
: p-Cresol, condensation of, with epichloro- | Diacetanilide, s-tribromo- and 2:6-di- By-Dit 
hydrin (Boyp and MARLE), T., 839; chloro-4-nitro- (SMirH and Orron), and 
F., 92. T., 1250. acti 
m- and p-Cresol methyl ethers, sulphina- | Diacetanilides, formation of (Smiru and s-BB-D 
tion of (SmMiLEs and LE RossIGNot), Orton), T., 1246; P., 132. addi 
T., 756. Diamond, summary of information as to (Py! 
Crystal form of halogen derivatives of the artificial production of (Turer- Dibenz 
open-chain hydrocarbons with refer- FALL), T., 1851; P., 131. P. 
ence to the Barlow-Pope theory of | Diisoamyl sulphoxide, preparation of disu 
structure (JAEGER), T., 517; P., (Gazpar and SmILgs), T., 1834; P., T 
29. 216. sulp 
See also Polymorphism. Diazobenzene (benzenediazonium) brom- ar 
Crystallisation, spontaneous, the tem- ide, preparation of (CHATTAWAY), Dibenz 
peratures of, of mixed solutions T., 959. (Ror 
and their determination by means chloride, rate of decomposition of 25. 
of the index of refraction (Isaac), (Carn and Nico.t), P., 282. Dibenz 
T., 384; P., 30. p-Diazoiminobenzene, derivatives of and 
of solutions of some alkali nitrates | (Morcan and MicKieTuwair), T, Dibenz 
(JONES), T., 1739; P., 196. 602; P., 48. K1p! 
of substances which form a con- | Diazomethane, action of, on the two Dibenz 
tinuous series of mixed crystals | modifications of isonitrosocamphor com) 
(Miers and Isaac), T., 927; P., | (Forster and Howtmsgs), T., 242; - 
125. | P., & Dicam: 
¥-Cumeneazo-orcinol, 6-bromo- (OrToN | action of, on hydroxyazo-compounis and 
and Everatr), T., 1020. (Smira and MircuHe.t), T., 842; and 
¥-Cumene-4-azoresorcinol, 6-bromo- (Or- | P., 70 ‘ 268. 
Ton and Everart), T., 1019. Diazonium bromides, new general method 4:3’: 
y-Cumenol, coumarins from (CLAYTON), | of preparing (Cuatraway),_ T., 
T., 2020. 958; P., 93. 
1-/-Cumyl-2-methylbenziminazole, 4:7- |  perbromides, constitution of (CHATTA- 
dinitro-6-hydroxy- (MELDOLA and | wax), P., 172. 
Hay), T., 1677. | salts, quantitative conversion of 
Cupric salts. See under Copper. | aromatic hydrazines into (CHATTA- 
Cyanates, thic-. See Thiocyanates. way), T., 662; P., 74. 
Cyanides. See Metallic cyanides. reaction of, with mono- and di- 
isoCyanine dyes, optical and sensitising hydric phenols and with naph- 
properties of (SHEPPARD), P., 134. thols (Orton and Everarr), T., 


1010; P., 118. 


INDEX OF 


Diazo-reaction, study of, in the dipheny] 
series (MoRGAN and MICKLETHWAIT), 
T., 614; ¥., 1. 

Diazotoluene (toluenediazonium) brom- 
ides, o- and p-, preparation of 
(CHATTAWAY), T., 960. 


Dibenzoyl. See Benzil. 
Dibenzoyl-. See also under the parent 
Substance. 


a8-Dibenzoyl-a-methoxydibenzyl and its 
reactions (IRVINE and McNIco 1), 
T., 956; P., 119. 
s-Di-8-benzoyloxy-1:4-diethylpiperazine 
and its additive saltsand physiological 
action (PyYMAN), T., 1795; P. 208. 
Sy-Dibenzoyloxydiethylpropylamine 
and its additive salts and physiological 
action (PyMANn), T., 1794; P., 208. 
§y-Dibenzoyloxydimethylpropylamine 
and its additive salts and physiologicai 
action (PyMAN), T., 1794; P., 208. 
s-88-Dibenzoyloxymethyldiethylamine 


and its additive saltsand physiological | 


action (PyMAN), T., 1794; P., 208. 
§y-Dibenzoyloxy-1-propylpiperidine 

and its additive salts and physiological 

action (PyMAN), T., 1794; P., 208 
s-88-Dibenzoyloxytriethylamine and its 


additive salts and physiological action | 


(PymMAN), T., 1794; P., 208. 
Dibenzyl diselenide (Prick and Jongs), 
P., 134. 


disulphide, preparation of (Price and | 


Twiss), T., 1399. 
sulphoxide, preparation of (GAZDAR 
and SMILEs), T., 1835; P., 216. 
Dibenzylethyl-silicol and -silicy] oxide 
(Ropison and KrpprneG), T., 449; P., 
25. 
Dibenzylsilicols, a- and B- (Ropison 
and Kipprne), T., 448; P., 25. 
Dibenzylsilicon dichloride (Ropison and 
Krppinc), T., 451; P., 25. 
Dibenzylsilicone and its termolecular 
compound (Rospison and KIpprne), 
T., 489; P., 25. 
Dicamphorylarsinicacid and itscadmium 
and silver salts and chloride (MorGAN 
and MIcKLETHWAIT), T., 2144; P., 
268. 
3:4:3':4’-Dicarbonyldioxybenzil( BARGER 
and Ewrns), T., 737. 
3:4:3':4’-Dicarbonyldioxy-aa-dichloro- 
_— (BARGER and Ewtns), 
., 736. 
3:4:3':4'- Dicarbonyldiox y-a8-di- and 


| o-Dimethoxybenzoin, 
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Dicholesteryl ether, oxidation of (Pick- 
ARkD and YATEs), T., 1682; P., 121. 
Dielectric constant. See under Electro- 

chemistry. 

1:4-Diethanolpiperazine and its additive 
salts (PyMAN), T., 1802; P., 208. 

4:4'-Diethoxydiphenyl sulphoxide, pre- 
paration of (GazpAR and SMILEs), 
T.; 1886; P., 216. 

Diethoxypyridine, dibromo- and di- 
chloro- (SELL), T., 1996, 1999; P., 
225. 

Diethyl disu]phide, preparation of (PRICE 
and Twiss), T., 1399. 

Diethylaminoethyl phthalate and its 
additive salts (PyMAN), T., 1804; P., 
208. 

Diethyl ketone, reaction of, with mer- 
curic iodide in alkaline solution 
(MarsH and STRUTHERS), P., 267. 

Diglycollic acid, dithio-, and its esters 
(Price and Twiss), T., 1645; P., 198. 

Di-A'-cyclohexeneacetic acid, a-cyano-, 
methyl ester (HARDING, HAworTH, 
and Perkin), T., 1957. 

Dihydrobenzenes, substituted (CROSSLEY 
and RENouF), T., 629; P., 59. 

Dihydrobrazilinic acid, lactone of, 
synthesis of (PERKIN and RoBINson), 
T., 489; P., 54. 

Dihydro‘socarvestrenol (A®-m-menthenol- 
(8)) and its nitrosochloride, synthesis 
of (FisHEeR and PERKIN), T., 1887; 
P., 228. 

Dihydrodicyc/opentadiene, nitro-, nitrite 
of, nitrohydroxy-, and its sodium salt 
and y-nitrol, and _nitrozsonitroso- 
(Rue), T., 1561; P., 175. 

Dihydrohematoxylinic acid, lactone of, 
synthesis of (PERKIN and Rostnson), 
T., 489; P., 54. 

Dilactylic acid, a- and §-dithio-, and 
their esters (Price and Twiss), T., 
1645; P., 198. 

Dimethoxyanthraquinone, /rihydroxy- 
(BENTLEY and WEIzMANN), T., 438; 
P., 52. 

1:4-Dimethoxybenzene. 

- methyl ether. 


See Quinol di- 


alkylation of 
(InvINE and McNIco.LL), T., 1607; 
Fr... ree 


| 2/:4'-Dimethoxybenzoylbenzoic _acid, 


-etra-chloro-s-diphenylethane (Bar- | 


GER and Ewrns), T., 740. 
Dicarboxyglutaric acid, ethyl ester, 
preparation of (SIMcNsEN), T., 1784. 


Diisocarvestrene, synthesis of (FISHER | 


and PERKIN), T., 1892. 


preparation of (PERKINand RoBInson), 
T., 510. 

2:4-Dimethoxybenzoylpropionic acid and 
its methyl ester, and the condensation 
of the ester with ethyl oxalate (PERKIN 
and Roprnson), T., 506. 

2:4-Dimethoxybenzoylpyruvic acid,ethyl 
ester, preparation of (PERKIN and 
Roprnson), T., 505, 


PM es 9 


mete ee ee 


Ba 
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2’:4'-Dimethoxybenzylideneacetophen- 
one, 2-hydroxy-, and the action of 
hydrochloric acid on, and its potassium 
derivative (PERKIN, Roprnson, and 
TurRNER), T., 1109. 
5:6-Dimethoxy-2-benzylidene-1-hydr- 
indone, 2':4’-dihydroxy- (ENGELS, 
PERKIN, and Rosinson), T., 1154. 
5:6-Dimethoxy-2-chloromethylene-1- 
hydrindone (ENGris, PERKIN, and 
Rosrnson), T., 1153. 
5:6-Dimethoxy-2-hydroxymethylene-1- 
hydrindone (ENGELS, PERKIN, and 
Roprnson), T., 1153. 
4':5’-Dimethoxy-2:3-indenobenzo- 
pyranol(1:4) and 7-hydroxy-, salts of 
(PERKIN and Roginson), T., 1103. 
7:4'-Dimethoxy-4:3-indenobenzopyranol 


(1:4), 5’-hydroxy-, salts of (ENGELS, 
PERKIN, and Ropinson),  T., 
1147. 


p Dimethoxyphenyl sulphide and sulph- 
oxide (SmILes and LE RossiGnoz), 
T., 760. 

2’:4'-Dimethoxy-2-phenylbenzopyranol 
(1:4) salts (PERKIN, RoBrnson, and 
TuRNER), T., 1114. 

2:2'-Dimethoxystilbene, 
(GREEN and BappiILey), T., 
P.,, 902. 

3:5-Dimethoxytetra-anisyltetrahydro- 
furan, 2-hydroxy- (InvinE and 
McNIcoLL), T., 1603; P., 192. 

3:5-Dimethoxytetraphenyltetrahydro- 
furan, 2-hydroxy-, and its triacety] 
derivative (IRVINE and McNico1.1), 
T., 955; P., 119. 

4-Dimethylaminoazobenzene-4 -arsonic 
acid and its sodium salts (BARRow- 
CLIFF, PymMaNn, and Remrry), T., 
1898. 

Dimethylaminobenzeneazo-a-naphthol 
and its hydrochlorides, _ platini- 
chloride, methiodide, acetyl and ben- 
zoy| derivatives, and ethyl ether and 
its dihydrochloride and __platini- 

chlorides (Fox and Hewitt), T., 341 ; 

P.,.8 

4- Dimethylamino- 2’-benzeneazotoluene- 
5’-arsonic acid and its sodium salts 
(BARROWCLIFF, PyMAN,and REMFRy), 
T., 1899. 

Dimethylbrazilein (ENGELS, 
and Roprinson), T., 1132. 

4:7-Dimethyleoumarin and its additive 
salts, oxime, and phenylhydrazone 
(CLayTon), T., 528; P., 26. 

Dimethylcoumarins, 6:7-, 6:8-, and 5:8-, 
formation of (CLAyTon), T., 2018. 

1;1- -Dimethyl- A*4 -dihydrobenzene and 
A* -dihydrobenzene (CRossLEY and 
RENOUF), T., 629; P., 59. 


4:4'-dinitro- 
1724 ; 


PERKIN, 
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1:1-Dimethyldihydroresorcin ethy] ether, 
preparation and reduction of (Cross. 
LEY and REenovF), -T., 640. 

Dimethylethyleyc/ohexenone, synthesis 
of (CROSSLEY and GILLING), P., 281. 

1:1-Dimethyleyc/ohexane (1:1-dimethy/. 
hexahydrobenzene), 2:3:5:6-tetrabromo. 
(CrossLEy and REenovrF), T., 650. 

1:4-Dimethylcyc/chexan-2-one and _ its 
semicarbazone (HARDING, HAwortn, 
and PERKIN), T., 1970. 

1:1-Dimethyl- -A‘-cyclohexene (1:1-di. 
methyl-&4-tetrahydrobenzene), 3-hydt. 
oxy- (CrossLEY and ReENovF), T,, 
641. 

1:1-Dimethyl-A*-cyc/chexen-3-one-5- 
acetic acid, ethyl ester, and its semi- 
earbazone (CrossLEY and GILLING), 
P., 130. 

B¢-Dimethyloctan-e-onoic acid, oxime, 
p-nitrophenylhydrazone, and semicarb- 
azone of (CLARKR, LapwortH, and 
W vac. 7.5 30. 

4:9. Dimethylphenazine -2:7-bisarsonic 
acid (BARROWCLIFF, PYMAN, and 
Remrry), T., 1901. 

88-Dimethylpropane, /¢/rabromo-, crystal 
form of (JAEGER), T., 520; P., 
29. 

Dimethylpropyleyc/chexenone, synthesis 
of (CRossLEY and GILLING), P., 2#1. 

1:1-Dimethyl-5-propyl-a*- cyclohexenone- 
3 and its semicarbazone (CROSSLEY 
and GILutnea), P., 130. 

2:2’-Dimethylstilbene, 
(GREEN and Bappi.ey), T., 
P., 202. 

1:1-Dimethyl1-A‘-tetrahydrobenzene. Se 
1:1-Dimethyl]-A*-cyclohexene. 

4:7-Dimethylthiocoumarin and its mer 
curichloride (CLAYTON), T., 529; P., 
26. 

— -Dinaphthacridine, 7-bromo, 
and its additive salts (SENIER and 
Austin), T., 66. 


4:4’ -dinitro. 
1723; 


ota -Dinaphthacridines, attempt- 


ed synthesis of (S—ENIER and AvsTI), 


A8-Dinaphthyl, absorption spectra of 
(HomER and Purvis), T., 1321; P., 
147. 

Di-o-,-m-,and -p-nitrobenzy] disulphides, 
preparation of (Price and Twiss), T., 
1403; P., 185. 

Dicyc/opentadiene, action of nitrous gas 
on (RULE), T., 1560; P., 175. 

Diphenanthracridine, preparation of 
(AusTIN), T., 1764; P., 200. 

Diphenetyl sulphoxide. See 4:4’-Di- 
ethoxydipheny] sulphoxide. 


semi- 
LING), 


xime, 
icarb- 
. and 
nic 
and 
rystal 
thesis 
2:1, 
none- 
SSLEY 


nitro. 
1723 ; 


p. See 


’-Di- 
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Di-p-phenetyl-a-disulphone (HiLpircu), 
T., 1527; P., 192. 

Diphenyl sulphoxide, 4:4’-diamino-, pre- 
paration of (GAzDAR and SMIzEs), T., 
1835; P., 216. 

Diphenylamine 2-p-phenety]-sulphoxide, 

di-p-nitro- (SMILEs and HILpiTcH), 
T., 153. 

sulphoxide, isodinitro-, derivatives of 
(SmILEs and Hitpircu), T., 1691 ; 
P., 199. 

Diphenylamine, heptabromo-p-hydroxy., 
acetylation of (SMITH and Orton), 
T., 1250. 

p-hydroxy-, bromination of (SMiTH and 
Orton), T., 314; P., 27. 

Diphenylamine-o-sulphonic acids, //- 
nitro-, and their salts (SmILEs), P., 
147. 

s-Diphenylearbamide and its p-mono-, 
di-p- and tri-chloro-derivatives (YouNG 
and DunsTAN), T., 1057; P., 136. 

Diphenyl-a-disulphone (Hitpircn), T., 
1526; P., 192 

sDiphenylethylene. See Stilbene. 

Diphenylethylsilicyl chloride and oxide 
(MARSDEN and Krppine), T., 207; P., 
12. 

Diphenylhexatriene, and allied hydrocar- 
bons, synthesis and refractive power 

‘of, and its hexabromide (SMEDLEY), T., 
372. 

Diphenylmethane, oxidation of (Law 
and PERKIN), T., 1637; P., 195. 

2:6-Diphenyl-4-pyrone and its platini- 
chloride (RUHEMANN), T., 434; P., 
52. 

Diphenyl series, study of the diazo-re- 
action in the (Moran and MICKLE- 
THWAIT), T., 614; P., 51. 

1:3-Diphenyl-2-thiobarbituric acid, 5- 
mono- and -di-bromo-, preparation of, 
and the estimation of bromine in 
(WHITELEY), P., 288. 

Diselenides, preparation of (PRIcE and 
JonEs), P., 184. 

Dispersion. See under Photochemistry. 

Distillation, vacuum, a simple manome- 
ter for (GEBHARD), P., 51. 

Disulphides, preparation of (PRIcE and 
Twiss), T., 1895, 1401, 1645; P., 
179, 185, 198. 

a-Disulphones, aromatic 
T., 1524; P., 192. 

s-Di-p-tolylearbamide (YouNG and Dun- 
STAN), T., 1058; P., 136. 

Di-p-tolyl-a-disulphone (Hipiren), T., 
1526; P., 192. 

Dixanthyl derivatives, new (SILBERRAD 
and Roy), P., 205. 

tp zylyl-s-disulphone (Hiiprrcn), T., 
527 ; 


; “? 


(HiLpircs), 


Uke 


| Esters, 
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Dynamic isomerism. See under Affinity, 


chemical. 


E. 


Egg-yolk, the proteins of (PLIMMER), 
Ts, 2500; P., 100. 
ELECTROCHEMISTRY :— 
Electrochemical equivalents, use of 
the micro-balance for the determina- 


tion of (Brinn and Evans), T., 
1442; P., 185. 

Dielectric constant and chemical 

constitution, relation between 


(Stewart), T., 1059; P., 124. 

apparatus for determining the, of 
organic liquids (SrEwarrt), T., 
1062; P., 124. 

Electrode, hydrogen, anomalous _be- 
haviour of the, in solutions of lead 
salts (DENHAM and ALLMAND), T., 
424; P., 14 

Electrolytic chlorination. 

ination. 

conduction, examination of the con- 
ception of hydrogen ions in (Lap- 
WORTH), T., 2187; P., 275. 

dissociation of the polyiodides of 
the alkali metals and ammonium 
radicles (DAWSON and JACKSON), 
T., 2063 ; P., 213. 

conductivity and viscosity of aqueous 
solutions (GREEN), T., 2023, 2049 ; 
P., 187. 

Electron, the, as an element (RAMSAY), 
ee. Se eee 

Ionic mobility, elucidation of the con- 
nexion between, and the fluidity of 
the solution (GREEN), T., 2049; P., 
187. 

Element, new tin-group, in thorianite 
(Evans), T., 666; P., 60. 

Emulsin, hydrolysis of amygdalin by 
(Autp), T., 1251, 1276; P., 97, 
181. 

Epichlorohydrin, condensation of, with 
phenols (Boyp and MARtz), T., 838 ; 
P., 92. 

Ester catalysis (FirzGkERALD and Lap- 
worTH), T., 2163; P., 274. 

Ester hydrolysis (Larpworrn), P., 152. 

Esterification, theories of (LAPWORTH), 
P., 162. 

Esterification constants of the normal 
fatty acids(SupBorovuGHand GITTINs), 
T., 210; P., 14. 

formation and hydrolysis of 
(FITZGERALD and Lapworth), P. 
153. 

See also Aminoalky] esters. 


See Chlor- 


’ 


Ethane, thermal decomposition of (Bonz 


and Cowarp), T., 1197; P., 167. 


a ie 
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Ethane, bistriazo-derivative of (ForsTEr, 
Frerz, and JosHua), T., 1070; P., 
102. 

Ethanedicarboxylic acid. See Methyl- 
malonie acid. 

Ethers, formation of, from compounds 
of the benzoin type (IRVINE and 
McNicotz), T., 1601; P., 191. 


INDEX OF 


Ethoxide, lead, formation of (PERKIN), | 


Ps, 179. 

5-Ethoxy-1:1-dimethylhexahydrobenz- 
ene, 3-hydroxy-, and the action of 
hydrogen bromide on (CrossLEy and 
ReENovuF), T., 642. 

2-Ethoxyindene, 3-cyano-, formation of 
(MoorE and Tuorre), T., 177; P., 
13. 


Ethoxyphenyl-. See Phenetyl-. 


| Glucose. 
| Glucose-anilide, preparation, alkylation, 


Ethyleatechol, dichloro-, cyclic carbon- | 


ates of (BarGeR), T., 2081; 
237. 

Ethylene, thermal decomposition of 
(BonE and Cowarp), T., 1197; P., 
167. 

Ethylene, ¢efraiodo-, crystal form of 
(JAEGER), T., 523; P., 29. 

Ethylenedicarboxylic acids. 
maric acid and Maleic acid. 


P., 


See 


F. 


Fenchone, comparison of, with a-methyl- 
camphor (GLOVER), T., 1285; P., 
151 


Fermentation, studies in (Stator), T., 
Sa7 ; F.,. 31. 
alcoholic, the mechanism of (SLATOR), 
ai Snes Beg Kh. 
Ferro-alloys, production of (GREEN- 
woop), T., 1496; P., 189. 
Fluorene, oxidation of (LAw and Prr- 
KIN), T., 1637; P., 195. 
Fluorene, 2-amino-, and its reactions 
(AustIN), T., 1765; P., 200. 
N-a 
Fluorene-| -naphthacridine, prepara- 
CH-8 
tion of (Austin), T., 
200. 


06; | F., 


Fluorescence and colour, relation of, to | 
constitution (SILBERRAD and Roy), | 


P., 204. 
of platinocyanides (Levy), T., 1446; 
Formic acid, ethyl ester, saponification 
of, by water in presence of acids as 


Fu- | 


catalytic agents (LAPWoRTH), P., | 

100. 

Fumaric acid, alkaloidal salts, and their | 
optical activity (H1LpiTcH), T., 704; 

| 
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Furoin, alkylation of (IRVINE and 
MeNicotz), T., 1608; P., 192. 


G. 


Gallic acid, electrolytic oxidation of (A. 
G. and F, M. Perxry), T., 1186; 
P., 149. 
action of reducing agents on (GARDNER 
and Hopeson), P., 272. 

Gas, measurement of a homogeneous 
chemical change in a (CLARKE and 
CHAPMAN), T., 1638; P., 190. 

Gas burettes. See Burettes. 

See Dextrose. 


and mutarotation of (IRVINE and GIL- 
mouR), T., 1434; P., 186. 

Glucosehydrazone, constitution of (Ir- 
VINE and GiLmour), T., 1429; P., 
186. 

Glucoseoxime, preparation and alkyla- 
tion of (InvrNE and GriLMovr), T., 
1435; P., 186. 

Glyceryl diphenyl ether (Boyp and 

MARLE), T., 840; P., 92. 
di-p-tolyl ether (Boyp and Martz), 
T., 889; P., 92 

Glycine (aminoacetic acid), condetsa- 
tion of, with aminopinenedicarbox slic 
acid (GoppEN), T., 1172; P., 144. 

Gold, direct action of radium on (PER- 
MAN), T., 1775; P., 214. 

Guaiacol, o- and p-bromo-, and 6-bromo- 
4-nitro-, and its potassium salts, and ¢- 
bromo-6-nitro-, potassium salts of 
(Rogertson), T., 791; P., 73. 


H. 


Hematein and its derivatives (ENGELS, 
PERKIN, and Rosinson), T., 1115; 
P., 148. 
methylation of (ENGELS, PERKIN, and 
Ropinson), T., 1140. 
Hematoxylin and brazilin and their 
derivatives (ENGELS, PERKIN, and 
Rosrnson), T., 1115; P., 148. 
constitution of (PERKIN and Ropsiy- 
son), T., 489; P., 54. 
Halogen carriers, use of pyridine bases 
as (Cross and ConHEN), P., 15. 
Halogen compounds, organic, inter- 
action of, with aluminium, indium, 
and thallium (SPENCER and WAL- 
LACE), T., 1827; P., 194. 
the chemical dynamics of the re- 
actions between sodium thiosul- 
phate and (Stator and Twiss), 
P., 286. 


and 


of (A. 
1186; 


<DNER 


2neous 
E and 


let.sa- 


inter- 
lium, 
WAL- 


1e Te 
iosul- 
VISS), 


falogen salts. See Perhalogen salts. 


Hemp, Canadian. See Apocynwm canna- 
binum. 
Heptaldoxime. See (Enanthaldoxime. 


Hexahydre-p-tolualdehyde, preparation 
of (HARDING, Hawortu, and PEr- 
KIN), T., 1974. 

2:2:4:5:2':5’-Hexamethoxy-§’-phenoxy- 
§-phenylisobutyric acid and _ its 
methyl ester and silver salt (ENGELS, 
PerkIN, and Roprnson), T., 1158. 

Hexamethyltriresorcylselenonium 
(HitpitrcH and SMILgs), T., 1386. 

s'35_Hexatriene di- and tetra-bromides, 
crystal form of (JAEGER), T., 521; 
my aes 


INDEX OF SUBJECTS. 


| 


s!-cycloHexeneacetic acid and its nitrile | 


(HArpDING, HAworrtH, and PERKIN), 
T., 1959. 


4-cycloHexeneacetic acid, a-cyano-, and | 


its ethyl ester (HARDING, HAworTH, 
and PERKIN), T., 1956. 
s-A)-cycloHexenepropionic acid and its 
silver salt and nitrile, and a-cyano-, 
methyl ester of (HARDING, HAworTH, 
and PERKIN), T., 1961. 
yclOHexylacetic acid, 8-bromo- (Harp- 
inc, HAworTH, and Perkin), T., 
1960. 
eyloHexyl-2-acetic acid, 2-bromo-1- 
hydroxy-, lactone of (HARDING, Ha- 
worTH, and PERKIN), T., 1963. 
ycloHexylideneacetic acid (HARDING, 
Hawortu, and Perkrn), T., 1961. 
Homo-olestranol (PowrER and Turin), 
%, O06; F:, a3. 

Hydrazines, aromatic, oxidation of, by 
metallic oxides, permanganates, 
and chromates (CHATTAWAY), T., 
70: P.,. 10. 


| Hydrocarbons, 
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formation of, by the 
interaction of metals of the alumin- 
ium group with organic haloids 
(SPENCER and WALLACE), T., 1827 ; 
P., 194. 

formation of, by the interaction of 
alkyl haloids with magnesium 
(SpENceER and Crewnpson), T., 
1821; P., 194. 

thermal decomposition of (BonE and 
Cowarkp), T., 1197; P., 167. 

aromatic, relation between the absorp- 
tion spectra and chemical constitu- 
tion of (BALY and Tuck), T., 1902; 
P., 223. 

of the benzene series, oxidation of 
(Law and Perkin), T., 1633; P., 
195. 

open-chain, halogen derivatives, 
crystal form of, with reference to 
the Barlow-Pope theory of structure, 
(JAEGER), T., 517; P 


+) ae 


| Hydrogen and chlorine, relative atomic 


| 


conversion of, into diazonium salts | 


(CHATTAWAY), T., 852; P., 74. 

Hydrindene derivatives, formation of, 
from o-phenylenediacetonitrile (Moorz 
and THorRPE), T., 165; P., 12. 

Hydrindene, 8-imino-a-cyano-, and its 
phenylhydrazine 
and THoRPE), T., 176; P., 12. 

8-Hydrindone, preparation of (Moore 

and THorPs), T., 186; P., 13. 
action of bromine on (CrrErH and 
Tuorpe), T., 1507; P., 192. 
8-Hydrindone, a-cyano-, and its phenyl- 
hydrazone, metallic salts, and 0- 
benzoyl derivative (Moore and 
THorPe), T., 178; P., 13. 
formation of (CREETH and THORPE), 
T., 1509. 

Hydrocarbon, C,,H.,, from the action of 
magnesium methyl iodide on ethyl 
1-methyl-A°-cyelopentene-2-carboxy|- 
ate (HAWorTH and PERKIN), T., 597. 


derivative (Moore | 


Hydrogen electrode. See 


Hydrolysis. See 


Hydropiperoin and 


weights of (Gray and Burt), P., 
215. 

passage of, through a palladium 
septum, and the pressure it pro- 
duces (TSAKALOTs), P., 208. 

direct union of, with carbon (BoNnE 
and Cowarp), T., 1975; P., 222. 

and nitrogen, chemical action of 
radium emanation on (CAMERON 
and Ramsay), T., 984; P., 182. 

and oxygen, chemical action of 
radium emanation on (CAMERON 
and Ramsay), T., 971; P., 182. 


Hydrogen chloride (hydrochloric acid), 


conductivity and viscosity of 
solutions of (GREEN), T., 2023; 
P., 187. 
chemical action of radium emanation 
on (CAMERON and Ramsay), T., 
984; P., 182. 
dioxide, interaction of, with sulphides 
(GazpDAR and SmiEs), T., 1833; 
P., 216. 
Electrode 
under Electrochemistry. 


Hydrogen ions, examination of the con- 


ception of, in catalysis, salt formation, 
and electrolytic conduction (Lap- 
WORTH), T., 2187; P., 275. 
under Affinity, 


chemical. 
isoHydropiperoin, 


action of thionyl chloride on (BARGER 
and Ewrns), T., 
Hydroxy-. See 
Substance. 
Hydroxy-acid, C,,H,,0,, and its salts, 
from pinene (HENDERSON and HEIL- 
BRON), T., 289; P., 31. 


735; P., 60. 


under the parent 


SM 
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a-Hydroxycarboxylic acids, action of { Keto-alcohol, C,,-H,,0,, and its acetate 


heat on (LE Svevr), T., 716; P., 
70. 
Hyponitrous acid. 


See under Nitrogen. 


i 


Iminazoles, formation of (MELDOLA and 
Hay), T., 1659; P., 197. 

Imino-compounds, formation and re- 
actions of (Moore and Tuorpe), T., 
165; P., 12; (Best and THorpr), 
P., 283. 

Indene-3-carboxylic acid, 2-amino-, and 
its ethyl ester and amide and their 
hydrochlorides (Moore and THorrr), 
{., 308; P.,. 13 

2:3-Indenobenzopyranol(1:4) and /7- 
hydroxy-, and their salts (PERKIN and 
Rosinson), T., 1099. 

Iodides. See Polyiodides. 

Indium, interaction of, with organic 
halogen compounds (SPENCER and 
WALLACE), T., 1832; P., 194. 

Intramolecular rearrangement in in- 
active substances, polarimetric study 
of (PATTERSON and McMILLAN), T., 
1041; P., 135. 

Iodine, liberation of, from hydriodic acid 
by halogenated malony] derivatives 
(WHITELEY), P., 288. 

solubility of, in water (HARTLEY and 
CAMPBELL), T., 741; P., 58. 


reaction of, with phosphorous acid | 


2208 ; P., 
See under 


193. 
Electro- 


(STEELE), T., 

Ionic mobility. 
chemistry 

Ipuranol and its diacetyl derivative from 
olive bark (PowER and Turin), T 
907; P., 118. 

Iron, metallic, constitution of (TILDEN), 

, 1362. 
the rusting of (TILDEN), 
P., 169. . 
rust, composition of (TILDEN), 
1362; P., 169. 

Iron alloys. See Ferro-alloys. 

Iron carbide, formation of (Prine), T., 
2105; P., 241. 

Iron, colorimetric method for the estima- 
tion of small percentages of, in copper 
alloys (GreGcoryY), T., 93. 

Isomeric change, action of carbonyl 
chloride as an agent for arresting 
(Lowry and MaGson), T., 119. 

Isomerism, (lynamic. See under Affinity, 
chemical. 


T., 1856; 
4 


K. 


Keten, some reactions of (CHIcK and 
WitsMore), P., 77. 
polymeride of (CHick and WILsMoRE), 
Z., 946: F., 100. 
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and phenylhydrazone, from the oxida. 
tion of the substance, C,-H,,0., from 


cholesterol (PiIcKaRD and Yargs), a ms 
1683; P., 121. Livetin 
1-Keto-1:2- dihydrobenzoxazole and the 1501 
action of aniline on (Youne and 
Dunstan), T., 1056. 
Ketone, C,H,,0, from pinene (Henpgp- 
son and HeILBron), T., 292; P., Magnes 
31. alk 
Ketones, condensation of, with ethyl son 
phenylpropiolate (RUHEMANY), 7.49 inters 
431; ; P, ’ 52. (SP 
action of mercuric iodide on, in alkal. Magnes 
ine solution (MARsH and Srruru. (PE 
ERS), P., 266, oxide 
containing the group, ‘CH,‘CO-CH:, “(SL 
condensation of, with esters in pres. Malacor 
ence of sodium ethoxide (CLARKE, MING’ 
LapworrH, and WeEcuHsLER), T., Maleic 
30. “a 
hydroaromatic (CrossLEY and GuL- ar 
LING), a 130, 281. Maleic 
See also Amino-ketones. rivati 
Ketonic acid, ©,,H,.0,, and its oxime yi y 
and potassium salt, from cholestenone fill ys onic 
(DorEE and GARDNER), T., 1330; P., MANN 
178. oF ; Kalonic 
4 Keto-2-phenyliminotetrahydrothio- p 
phen-3-dicarboxylic acid, ethy] ester, ¥ 
and its isomeride (RUHEMANNY), T., sodi 
627 ; P., 53. | 
ee, ein of (Moors), T., 2181; 
P., 272 a 
L, 
Malonic 
Levulose, fermentation of, by yeast 
juice (HARDEN and Youne), P., 115. 
Lead potassium periodide, Wells’, cow- 
position and formula of (MELDRUM), 
P.,. 97. 
nitrate and sodium nitrate, temper-@% Malony] 
atures of spontaneous crystallisation tion ¢ 
of mixtures of (Isaac), T., 38833 (War 
P., 30. Malony] 
potassium nitrites, complex (MELD- of, an 
ruM), P., 97. (War 
oxides, velocity of reduction of, byl Mandelc 
carbon monoxide and the existen matio 
of a suboxide (BrisLEE), T., 154. 9 Mangan 
| Lead ions, univalent, existence of, i bon (( 
aqueous solutions (DENHAM and ALL Mannose 
MAND), T., 424; P., 14 (HARI 
Lime. See Calcium oxide. Manome 
Lithium chloride, conductivity an tion (( 
viscosity of solutions of (GREEN)JM 2 m-Mee 
Bes 2028 ; P.. 187. and Ri 
and sucrose, conductivity and vis Mellitic 
cosity of mixtures of solutions OM g,j7), 
(GREEN), T., 2049; P., 187. of (Siz 


Gi- 


xime 
none 


% A 


by 
ence 
4, 

f, in 
ALL- 


and 
SEN), 


vis- 
ns Of 


lithium nitrite and its decomposition 
by heat (RAy), P., 75. 
molecular volume of (RAy), T., 998 ; 
P., Te 
livetin from egg-yolk (PLimMeR), T., 
1501; P., 190. 


Magnesium, direct interaction of, with 
alkyl haloids (SPENCER and Crewp- 
son), T., 1821; P., 194. 

interaction of, with aryl halides 
(SPENCER and SToxgs), T., 68. 

Magnesium carbide, formation of 

(PrRING), T., 2106; P., 241. 
oxide, reducibility of, by carbon 
(SLADE), T., 327; P., 29. 

Malacone, a silicate of zirconium (Cum- 
MING), T., 350; P., 28. 

Maleic acid, alkaloidal salts, and their 
optical activity (HiLpircn), T., 704; 
P., 61. 

Maleic acid, dihydroxy-, titanium de- 
rivative. See Titani-dihydroxymaleic 
acid under Titanium. 

Maionic acid, thioanilide of (RuHE- 
MANN), T., 624. 

Malonic acid, ethyl ester, action of 
phenylthiocarbimide on (RUHE- 
MANN), T., 621; P., 53. 

sodium derivative, action of allyl- 
thiocarbimide on (RUHEMANN), 
T., 625. 
action of monochloromethyl ether 
on (SIMONSEN), T., 1777; P., 
212. 

Malonic acid, cyano-, ethyl ester, thio- 
anilide of, and its salts 
(RUHEMANN), T., 626. 

action of ethyl chloroacetate on 
(RUHEMANN), T., 627; P., 
53. 

Malony] derivatives, halogenated, libera- 
tion of iodine from hyriodic acid by 
(WHITELEY), P., 288. 

Malonyldiurethane, bromo-, preparation 
of, and the estimation of bromine in 
(WHITELEY), P., 288. 

Mandelonitrile glucoside, Fischer’s, for- 
mation of (AULD), T., 1281; P., 182. 

Manganous oxide, reduction of, by car- 
bon (GREENWOOD), T., 1491; P., 188. 

Mannose, fermentation of, by yeast juice 
(HARDEN and Younes), P., 115. 

Manometer, simple, for vacuum distilla- 
tion (GEBHARD), P., 51. 

2 m-Meconyl-5-methoxyphenol (PERKIN 
and Ropinson), T., 513. 

Mellitic acid  (benzenehexacarboxylic 
aid), constitution of the phthaleins 
of (SILBERRAD), P., 209. 
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Mellitic acid, rhodamines of (SILBERRAD 
and Roy), P., 204. 

Melting points of the anilides, p-toluid- 
ides, and a-naphthalides of the normal 
fatty acids (RoBertson), T., 1033; 


a: ° 
| A'-»-Menthadiene. See Origanene. 
| A°°0)-m-Menthadiene. See isoCarv- 


estrene. 

| 4°-m-Menthenol(8). See Dihydroiso- 
carvestrenol. 

Menthols, isomeric, and their acid esters 

| (PickarD and _ Lirriesury), P., 

| 907. 

| Menthone, action of amyl nitrite on, in 

| presence of sodium ethoxide (CLARKE, 

LAPWORTH, and WECHSLER), T., 36. 

| Mercury iodide, condensation of, with 

camphor (MarsH and STRUTHERS), 

P., 267. 

Mercurie iodide, action of, on ketones 
in alkaline solution (MARSH 

| and SrruTHErs), P., 266. 

double salt of, with potassium 

| iodide in organic solvents 

| (Marsu and SrrurHers), P., 

266. 

nitrate solution, solubility of silver 

chloride in (BUTTLE and Hewitt), 

T., 1405; P., 178. 

| Mercurie zinc cyanide, formula of 
(Dunstan), P., 135. 

Mercurous nitrite, molecular volume 
of (Ray), T., 999; P., 75. 

Metallic cyanides, reactions of, with 
phenylhydrazine (StRUTHERs), P., 
179. 

hydroxides, amphoteric (Woop), T., 
411; P., 15. 
oxides, reduction of, by carbon, in 
presence of metallic iron and other 
substances (GREENWOOD), T., 
1496; P., 189. 
refractory, reduction of, by carbon 
(GREENWOOD), T., 1483; P., 188. 
salts, fused, viscosity of, at high tem- 
peratures (Fawsirr), T., 1302 ; 
P., 146. 
reactions of, with phenylhydrazine 
(SrruTHERs), P., 179. 

Metals, the rapid electro-analytical de- 
position and separation of (SAND), 
T., 1572; P., 189. 

viscosity of (Fawsirr), T., 1306; P., 
146. 

Meteloidine from Datura Meteloides and 

its additive salts (PyYMAN and Rey- 

| NoLDs), T., 2077; P., 234. 

Methane, synthesis of (Bone and Cow- 
ARD), T., 1975; P., 222. 

thermal decomposition of (Bonz and 
Cowakp), T., 1197; P., 167. 
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Methanesulphonic acid, chlorobromo-, 


strychnine and quinidine salts, and | 
5-Methoxy-m-xylyl sulphoxide ‘Sites 


their optical activity (Porr and Reap), 
T., 797; P., 99. 
Methanetricarboxylic acid, thioanilide 
and thioallylamide, diethyl esters 
and diamides of (RUHEMANN), T., 
628 ; P., 58. 
diethy] ester, thioanilide of, action of 
ethy! chloroacetate on (RUHEMANN), 
Z-, 687 ; FP. 5S. 
3-Methoxyacetophenone, 
See Apocynin. 
Methoxyanthraquinone, dihydroxy- 
(BENTLEY and WEIZMANN), T., 437; 
P., 52. 
4-Methoxybenzoylpropionic acid, 2- 
hydroxy-, and its methyl ester, pre- 
paration of (PERKIN and RoBINson), 
T., 508. 
8-Methoxybutane-aayy-tetracarboxylic 
acid and its ethy] ester and silver salt, 
svnthesis and hydrolysis of (Simon- 
SEN), T., 1784. 
Methoxydihydrodicyc/opentadiene, nitro- 
(Ruz), T., 1562; P., 175. 
2-Methoxyindene, 3-cyano- (Moore and 
THORPE), T., 180; P., 13. 
7-Methoxy-2:3-indenobenzopyranol(1:4) 
anhydroferrichloride (PERKIN and 
Ropinson), T., 1102. 
7-Methoxy-4:3-indenobenzopyranol( 1:4), 
4':5'-dihydroxy-, salts of (ENGELS, 
PERKIN, and Roprnson), T., 1150. 


4-hydroxy-. 


a-Methoxymethylglutaric acid and its | 


barium salt (SIMONSEN), T., 1783. 
8-Methoxymethylmalonic acid, ethyl] 
ester, synthesis and reactions of 
(StmonsEn), T., 1780; P., 212. 
8-Methoxymethyl1-8-isopropylmalonic 
acid and its ethyl ester and barium 


salt, synthesis of (Simonsen), T., | 


1707 : F., 212. ; 
8-Methoxymethylisovaleric acid and its 
ethyl ester and silver salt, synthesis 
of (SrmonsEN), T., 1788. 
4’-Methoxy-2-phenylbenzopyranol(1:4) 
salts (PERKIN, RosBINSON, and 
TURNER), T., 1111. 
3-Methoxyphenylmethylcarbinol, 4- 
hydroxy-. See Apocynol. 
4-Methoxyphenylphthalide, 2-hydroxy- 
(PERKIN and Rogrnson), T., 511. 


5-Methoxythionaphthen, ¢ri- and ¢fefra- | 


chloro- (BarGER and Ew1ns), T., 2089. 
p-Methoxytoluene-m-sulphinic acid and 
its oxidation (Smi_Les and LE Ros- 
SIGNOL), T., 758. 
m-Methoxytolyl sulphoxide (SmiLEs and 
Le RossteGnoz), T., 756. 
p-Methoxytolyl sulphoxide (Smiies and 
Le Rossignor), T., 759. 
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, a-8:4-Methylenedioxyphenylethane, a§- 


| Methyl ethyl ketone. 


5-Methoxy-m-xylene-2-sulphinic  aciq 
(SmrLes and LE RussiGNoz), T., 76], 
and Le Rossienot), T., 761 

Methyl alcohol, condensation of, with 
benzoin (InvINE and McNIcott), T,, 
950; P., 119. 

Methyl ether, monochloro-, syntheses 
with (SIMONSEN), T., 1777; P., 212. 

Methyleampholenitrile (GLover), T., 
1299 ; P., 152. 

a-Methyleamphor, preparation of, and 

its bromo-derivatives and £-gul- 
phonic acid and its derivatives, and 
oxime (GLOVER), T., 1289; P., 151. 
comparison of, with — fenchone 
(GLovER), T., 1285; P., 151. 
4-Methylcoumarin, 6- and 7-chloro., 
formation of (CLAYTON), T., 2021. 
7-Methylcoumarin and its additive salts, 
oxime, and phenylhydrazone (CLay- 
TON), T., 526; P., 26. 

Methylene chloride, condensation of, 
with 1-bromo- and 1-chloro-2-naph- 
thylamines (SENIER and AUSTIN), tr 
63. 

Methylenedioxybenzene, conversion of, 
into cutengiliexybaens (BARGER), 
T., 566. 

4':5'-Methylenedioxy-2:3-indenobenzo- 
pyranol(1:4) anhydroferrick.loride 
(PERKIN and Ropinson), T., 1105. 


dichloro-, aB-ww-tetrachloro-, and £- 
chloro-a-hydroxy- (BARGER), T., 2083; 
P., 237. 
8-3:4-Methylenedioxyphenylethyldi- 
methylamine, §8-hydroxy-, and _ its 
benzoyl derivative and their additive 
salts (PyMAN), T., 1806; P., 208. 
a-3:4-Methylenedioxyphenylpropane, a8- 
ww-ftetrachloro- (BAKGER), T., 2085; 
P., 20d. 
See Butanone. 
1-Methylceyc/ohexane-3-carboxylic acid, 
cis- and trans-6-bromo- (FisHER and 
PERKIN), T., 1883. 
cis-1-Methylceyc/ohexan-6-o1-3-carboxylic 
acid and its lactone (Fisuer and PkEr- 
KIN), T., 1883. 
trans-1-Methylcyclohexan-6-01-3-carb- 
oxylie acid, synthesis of (FisHer and 
PERKIN), T., 1882. 
-Methylceyclohexan-2-01-4-carboxylic 
acids, cis- and trans-, and their con- 
version into 1-methy]-4!-cyclohexene- 
4-carboxylic acid (MELDRUM and PEr- 
KIN), T., 1416; P., 187. 
1-Methyleyc/ohexan-2 one-4 carboxylic 
acid and its ethyl ester, oxime, an 
semicarbazone, preparation of (MELD- 
ruM and Perkin), T., 1425. 
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|-Methylcyc/ohexan-6-one-3-carboxylic 
acid and its oxime and semicarbazone, 
synthesis of (FisHEr and PERKIN), 
T., 1880. 
|-Methyl-A*-cyclohexene-4-acetic acid 
and its ethyl ester and nitrile (HARD- 
inc, HAwortH, and Perkin), T., 
1967 ; P., 230. 
|-Methyl-A*-cyclohexene-4-acetic acid, 
a-cyano-, and its ethyl ester (Harp- 
inc, HawortH, and Perkin), T., 
1963. 
1-Methyl-A°-cyclohexene-3-carboxylic 
acid and its calcium salt and ethy| 
ester, synthesis of (Fisher and PEr- 
KIN), T., 1885; P., 228. 
1-Methyl- A'-cyc/ohexene-4-carboxylic 
acid, formation of, from cis- and trans- 
1-methyleyclohexan-2-0!-4-carboxylic 
acids (MELDRUM and Perky), T., 
1416; P., 187. 
i-1-Methyl-A'-cyc/ohexene-4-carboxylic 
acid, resolution of (FISHER and PEr- 
KIN), T., 1871; P., 228. 
2-1-Methyl-A*-cyclohexene-4-propionic 
acid and its methyl ester and nitrile 
and a-cyano-, and its methyl ester 
(HARDING, HAwWortH, and PERKIN), 
T., 1973. 
| Methyleyc/ohexyl-4-acetic acid and its 
‘silver salt, and a-bromo-, and its ethy] 
ester, and B-bromo-, aud a-hydroxy-, 
and its silver salt (PERKIN and PopE), 
T., 1081. 
l-Methyleyc/ohexyl-4-acetic acid, 3:4- 
dibromo- and 3:4-dihydroxy- and 
its lactone (HARDING, HAWorTH, 
and Perkin), T., 1969. 
4-bromo-8-hydroxy-, lactone of (HARD- 
Inc, HaworrH, and PrerkKrn), T., 
1970. 
|-Methyleyc/ohexyl-4-carbinol and _ its 
bromide (PERKIN and Pops), T., 1078. 
1-Methylceyc/ohexylidene-4-acetic acid, 
experiments on the synthesis of, and 
its ethyl ester (PERKIN and Pope), T., 
1075; P., 145 ; (Harpine, HAwortu, 
and Perkin), T., 1943; P., 230. 
«Methyl-8-hydrindone, a-cyano-, and 
its phenylhydrazone (Moore and 
THorPE), T., 181; P., 13. 
Methylmalonic acid, §8-bromo-, ethyl 


ester, preparation and reduction of 


(SIMONSEN), T., 1783. 

Methyloleanol and its acetyl derivative 
(PowEx and Turrn), T., 899 ; P., 117. 

|-Methylcyclopentane-2-carboxylic acid, 
5-bromo-, and its ethyl ester, and 1:5- 
aud 4:5-dibromo- (HAWORTH and PER- 
KIN), T., 584. 

? Methylcyclopentanol-3-carboxylic acid 
\HaworrH and Perky), T., 584. 
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2-Methylceyc/opentanone-3-carboxylic 
acid and its ethyl ester, oxime, and 
semicarbazone, synthesis of (HAwoRTH 
and Perxkry), T., 579. 


| 2-Methylcyc/opentanone-2:3-dicarboxylic 


acid, ethyl ester, and its hydrolysis 
(HawortH and Perkin), T., 579. 
2-Methylcyc/opentanone-3:5-dicarboxylic 
acid, ethyl ester (HAworTH and 
PERKIN), T., 582. 
1-Methyl-A*- and -A°-pentene-2-carb- 
oxylic acids, formation and separa- 
tion of, and oxidation of, and their 
ethyl esters (HAworTH and PEr- 
KIN), T., 585. 
ethyl esters, action of magnesium 
methyl iodide on (HAWoRTH and 
PERKIN), T., 593. 
1-Methyl-A*-4-cyc/opentene methyl ke- 
tone and its semicarbazone (HARD- 
ING, HawortrH, and PERKIN), T., 
1969. 
2-Methylpiperidine and water, mutual 
solubility of (FLASCHNER and Mac- 
EwEn), T., 1000; P., 119. 
1-Methyl-2-isopropenolceyc/opentane, 5- 
hydroxy- (HAworTH and PERKIN), 
T., 594. 
1-Methyl-3-isopropenolcyc/opentane, 1- 
hydroxy- (HAworrH and PERKIN), 
T., 593. 


1-Methy1-2-isopropenol-A°-cyc/opentene 


(HawortH and PERK1N), T., 597. 
1-Methyl-2-iso-propenol- and -propenyl- 
A*-cyclopentenes (HAWORTH and Per- 
KIN), T., 593. 
1-Methyl-3-iso-propenol- and -propenyl- 
cyclopentenes (HAworTH and PERKIN), 


T., 592. 


| Methylésopropyleyc/opentanes, synthesis 


of terpins, terpineols, and terpenes 
from (HAWoRTH and PERKIN), T., 
578; P., 64. 


| 2-Methylpyridine (a-picoline), chlorina- 


tion of (SELL), T., 1998; P., 
225. 
6-hydroxy- (SimonsEN), T., 1031. 
2-Methylpyridine-3:5-dicarboxylic acid, 
6-hydroxy-, and its salts (SIMON- 
SEN), T., 1030; P., 1386. 
ethyl-ammonium and_ ethyl-silver 
ester salts (SIMONSEN), T., 1028; 
PF, 136. 
6-Methyl-2-pyrone-3:5-dicarboxylic 
acid, ethyl ester, and its derivatives 
aud reactions (SIMONSEN), T., 1022; 
P., 136. 
ae a oe (CLtaytTon), T., 
G27; F., 26. 
a-Methyltricarballylic acid, formation 
of (HawortH and PERKIN), T., 
591, 


| 
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Micro-balance, use of, for the determina- 
tion of electrochemical equivalents and 
for the measurements of densities of 
solids (Britt and Evans), T., 1442; 
P., 185. 

Molecular complexity of amides in various 

solvents (MELDRUM and TURNER), 
T., 876; P., 98. 

conductivities of a-oximino-fatty acids 
(InGutis and Knieut), T., 1595; P., 
191. 

weights. See Weights. 

Morindin and its acetyl derivative (PER- 
KIN), P., 149. 

Mustard oils. See Allylthiocarbimide 
and Phenylthiocarbimide. 


N. 


Naphthalene and its derivatives, absorp- 
tion spectra of (BALY and Tvck), 
T., 1902; P., 228. 
and B-naphthol, crystals of, and of their 
mixtures (Miers and Isaac), T. 
927; P., 125. 
oxidation of (Law and Prrkrn), T., 
1687 ; P., 195. 
absorption spectra of the hydrocarbons 
isolated from the products of the 
action of aluminium chloride on 
(Homer and Purvis), T., 1319; 
Fu, ¥42. 
styphnate, a-bromo- ‘= 
2099; P., 241. 
8-Naphthalene-4-azoresorcinol (ORTON 
and Everatrt), T., 1019. 
Naphthalene-S8-sulphonylaminodi- 
phenyldiazonium salts (MorGan and 
MIcKLETHWalIt), T., 618. 
Naphthalene-S8-sulphonyl-benzidine and 
-p-nitroaminodiphenyl -(MonrcGan and 
MICKLETHWAIT), T., 617. 
as-Naphthalene-S-sulphonylethyl-benz- 
idine and -diphenyldiazonium salts 
and their azo-8-naphthols (Morcan 
and MicKLeruwait), T., 620. 
Naphthalene-8-sulphonylnitroethylam- 
inodiphenyl (Morcan and MICKLE- 
THWaIrT), T., 620. 
a-Naphthalides, anilides, and p-toluidides 
of normal fatty acids, melting points 
of (RoBERTSON), T., 1033; P., 120. 
8-Naphthol and naphthalene, crystals of, 
and of their mixtures (Miers and 
Isaac), T., 927; P., 125. 
molecular compound of, with 2:3:5- 
trinitro-4-acetylaminophenol (MEL- 
poLa and Hay), P., 210. 
Naphthols, reaction of, with diazonium 
salts (OrTON and EveratrT), T., 1010; 
Pip bane 


(GiBson), 
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Naphthols, azo-derivatives of (Orroy 
and Everatt), T., 1020. 
8-Naphtholazobenzene-4-arsonic acid 
and its sodium salts (BARROWCLIPr, 
Pyman, and Remrry), T., 1897. 
Naphthy] arsenite (LANG, MACKEY, and 
GortTNER), T., 1370; P., 151. 
2-Naphthylamine,1-bromo- and 1-chloro., 
condensation of, with methylene chlor. 
ide (SENTER and Austin), T., 63. 
1:3-Naphthylenediamine, formation of, 
from 8-imino-a-cyano-y-phenylpropane 
(Best and THorPe), P., 283. 
Nicotinamide, 6-chloro- (MILLS and Wp. 
pows), T., 1379; P., 174. 
Nicotinic acid, hydroxy-, ethyl ester, 
azide, and hydrazide of (MILLs and 
WIppows), T. 1381; P., 174. 
Nitric acid. See under Nitrogen. 
Nitro-compounds, relation between the 
absorption spectra and chemical con- 
stitution of (BALy and Descu), T., 
1747; P., 173. 
aromatic, reduction of, to azoxy-com- 
pounds in acid solution (Fiip- 
SCHEIM and Srmon), T., 1463. 
Nitrogen and hydrogen, chemical action 
of radium emanation on (CAMERON 
and RAmsAy), T., 984; P., 182. 
Nitric acid, interaction of, with copper 
in presence of metallic nitrates (RE¥- 
NIE, HiGGIN, and Cooke), T., 1162; 
P., 141. 
Hyponitrous acid, decomposition of 
(Divers), P., 16. 
Nitrogen compounds, effect of constitu- 
tion on the optical activity of (EvEr- 
att), T., 1225; P., 148. 
optically active, effect of constitution 
on the rotatory power of (EVERATT 
and JonEs), T., 1789; P., 212. 
Nitroso-compounds, relation between the 
absorption spectra and chemical con- 
stitution of (BALY and Descu), T., 
1747; P., 17%: 
Nucleoprotein, reaction distinguishing 
phosphoprotein from (PLIMMER and 
Scotr), T., 1699; P., 200. 
Nutmeg, constituents of the expressed 
oil of (PowER and Satway), T., 1653; 
Fig eee. 
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Obituary notices :— and CE 
John Clark, T., 2275. 
August Dupré, T., 2269. 

Sir David Gamble, T., 2279. 
Frederick James Montague Page, T. 

2277. 
Sir William Henry Perkin, T., 2214. 
Robert Warington, T., 2258. 


0-4:4':4"s2 
oyldibe 
T., 160 
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Ocimum viride, oil from the leaves of | 
(GouLDING and PELLY), P., 63. 

nanthaldoxime, alkylation of (IRVINE 
and Moonpre), T., 102. 

Qleanol and its mono- and di-acetyl de- 
rivatives (Power and Turtin), T., 
896; P., 117. 

Oleasterol (PowrER and Tutrn), T., 895; 
F., 447. 

Olenitol and its acety] derivative (PowER 
and Turin), T., 914; P., 118. 

Olestranol and its acetate and benzoate 
(PowEr and TutTtn), T., 900; P., 117. 

Olive bark, constituents of (PowER and 
TUTIn), 1., 904; P., 117. 

Olive leaves, constituents of (PowER and | 
Tutin), T., 891; P., 117. 

Optical activity, Optical inversion, and 
Optically active compounds. See 
under Photochemistry. 

Orcinol, azo-derivatives of (OrTON and 
EvERATT), T., 1019; P., 118. | 

Qriganene and its derivatives from 
Cyprus origanum oil (PICKLEs), T., 
$62 P., 91. 

Origanum oil from Cyprus, constituents | 
of (PIcKLEs), T., 862; P., 91. 

a-Osazones, stereoisomeric, an alternative 
structure for the supposed (CHATT- 
AWAY), P., 175. 

Oxalic acid, ammonium, thorium, and 
uranium salt (EvANs), T., 668; P., 
61. 

Oxalyl chloride (Jones and TAsKER), 
¥., 201. 

Oxime formation, influence of acids and 
alkalis on the velocity of (BARRETT 
and LAPwortH), T’., 85. 

Oximes, alkylation of (IRVINE and 
Moopte), T., 102. 

a-Oximinobutyric acid, two forms of | 
(INGLis and Knicur), T., 1600; P., 
191, 

a-Oximino-fatty acids, conductivities of 
the (IncLIs and Knieur), T., 1595; 
P., 191. 

e-Oximinovaleric acid, two forms of 
(INcLIs and Knicur), T., 1600; P., 
191. 

Oxycholestenediol. 
estanedionol. 

Oxygen and hydrogen, chemical action 
of radium emanation on (CAMERON 
and Ramsay), T., 971; P., 182. 

Ozone, thermal decomposition of (CLARKE 
and CHAPMAN), T., 1638; P., 190. 


See Dehydrochol- 


P. 


a-4:4':4":4''Pentamethoxy-a8-dibenz- 
oyldibenzyl (Irving and McNico11), 
T., 1602; P., 192. 
XCIII. 
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3:4:5 6:8-Pentamethylcoumarin, forma- 
tion of (CLAyron), T., 2021. 


| Pentamethyldihydrohemateinol (En- 


GELS, PERKIN, and Roginson), T., 
1143. 

Pentane. See 68-Dimethylpropane. 

Pentane-8855-tetracarboxylic acid and 
its ethy] ester, synthesis of (SImMoN- 
SEN), T., 1785. 

Pentane-Sye-tricarboxylic acid and its 
ethyl ester, and y-cyano- of the ester, 
synthesis of (HAWorTH and PERKIN), 
T., 579. 

cycloPentanone-3-carboxylic acid, ethyl 
ester, and the action of magnesium 
methyl iodide on (HAWORTH and PER- 
KIN), T., 591. 

A!-cycloPentene methyl ketone and its 
semicarbazone (HARDING, HAWORTH, 
and PERKIN), T., 1961. 

Perhalogen salts, studies of the (TINK- 
LER), 'T., 2011: F.,: 39%. 

Phaseolunatase and its actions (AULD), 
T., 1258. 

Phenanthrene, oxidation of (LAw and 

PERKIN), T., 1637. 
styphnate (Gipson), T., 2099; P., 
241. 

Phenanthrene, 9-amino-, 10-bromo-, and 
10-bromo-9-nitro-, 
Austin), T., 1762. 

Phenazine-2:7-bisarsonic acid and its 
tetrasodium salt (BARROWCLIFF, Py- 
MAN, and Remrry), T., 1900. 

Phenetole, sulphination of (SMILEs and 
Le RossiGNou), T., 756. 

S-Phenetyl -\V-methy1-3:9-dinitrophen- 
azothionium hydroxide and salts 
(SMILEs and Hiuprrcn), T., 152. 

S-Phenetyl-3:9«-d/nitrophenazothion- 
ium hydroxide and salts (SMILEs and 
Hiupircn), T., 149. 

S-Phenetylphenazothionium hydroxide, 
a-3:9-dinitro- (SMILEs and HILpirc#), 
T., 1694. 

p-Phenetylsulphinic acid, alkaloidal 
salts, and their rotatory power (HIL- 
piTcH), T., 1621. 

p-Phenetylsulphonic acid, alkaloidal 
salts, and their rotatory power (HIL- 
pircH), T., 1621. 

S-Phenetylthionine and its hydroxide 
and salts (SMILEs and Hitpircn), T., 
1695. 

Phenol, condensation of, with epichloro- 

hydrin (Boyp and Marxg), T., 838, 
P., 92. 

derivatives containing a mobile nitro- 
group, syntheses with (MELDOLA 
and Hay), T., 1659; P., 197. 

Phenol, m- and p-chloro-, coumarins 
from (CLAYTON), T., 2021. 

7P 


preparation of 


19 ign Ulead 
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Phenol, 2:4:6-trinitro-. See Picric acid. 
2:3:5-trinitro-4-amino-, N-acetyl de- 
rivative of, interaction of, with 

amines (MELDOLA and Hay), 


T., 1659; P., 197. 
molecular compound of, with 
B-naphthol (MELpots and 
Hay), P., 210. 
Phenolic ethers, sulphination of, and 


the influence of substituents (SMILEs 
and LE RossiGnot), T., 745; P., 61 
Phenols, acetylation of (SmirH and Or- 
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| Phenylbenzylmethyl-/-butylammonium 


| 


| y-Phenylbutyric ‘acid, B-imino-a-cyano., 


/-Phenylchloroacetic acid, displacement 


TON), T., 1247. 
reaction of, with diazonium salts | 
(Orton and Everatr), T., 1010; 


P., 118. 
action of iodine on (GARDNER and 
Hopeson), P., 273. 
Phenophenanthracridine, preparation of 
(Austin), T., 1765; P., 200. 


Phenoxydichloropropane (Boyp and 
MARLB), T., 841; P., 92 
Phenoxydiphenetylsulphonium salts 


(BARNETT and SmILeEs), P., 123. 


| Phenyldimethyl-n-butylammonium 


| o-Phenyleneaceticpropionic acid (Moore 


Phenoxydiphenylsulphonium salts (BAar- 


NETT and SmILEs), P., 124. 
B’-Phenoxy-8-2:5-quinoylisobutyric 
acid, a-4:2':5'-tetrahydroxy-, formation 
of (ENGELS, PERKIN, and RoBinson), 
T., 1155. 
Phenyl arsenite (LANG, MACKEY, 
GorTNER), T., 1369; P. 150. 
ethyl ether. See Phenetole. 
glycide ether and its reactions (Boyp 
and MARLE), T., 840; P., 92. 
methyl ether. See Anisole. 
Phenylacetic acid, brucine and cinchon- 
ine salts, and their optical activity 
(Hiupircn), T., 1390. 
Phenylallylthiocarbamide, reactions of, 
with acyl chlorides (Dixon and Tay- 
LOR), T., 24. 
Phenyl p-aminobenzeneazo-8-naphthol 
its 2- and 4-mono-, 2:4-di-, and 
2:4:6-tri-nitro-derivatives (MorGan 
and MIckLETHWaAIT), T., 609; P., 48 
Phenyl-p-aminobenzenediazonium clilor- 


and 


_ Phenyliminoketo-. See Ketophenyl- 
imino-. ; 
Phenyliminoquinone. See (uinoneanil. 


| 2-Phenyl-6-methyl-4-pyridone and its 
_ 1-Phenyl-6-methyl- 2-pyridone-3: 5-di- 


ide, 2:4-dinitro- {Morcan and 
MICKLETHWAIT), T., 610. 
Phenylarsonic acid, p-hydroxy- (Bar- | 


ROWCLIFF, PyMAN, and Remrry), T., 
1895. 
2-Phenylbenzopyranol(1:4), 
anhydrohydrochloride and 
chloride of (PERKIN and Rosinson), 
T., 1098. 
Phenylbenzylethylpropylsilicane, sulph- 
onation of — and KippiIne), 
34 es F, 
Sicaaieeanteiiiithtiaiidiens 
salts, p-bromo-, optical activity of 
(EvEratTT), T., 1236; P., 148. 


7-hydroxy-, 


_ Phenyl/sonitromethane. 


platini- | 


Phenylbenzylmethylamine, 
(EveRATT), T., 1236. 


p-bromo- 


salts, p-bromo-, 


optical activity of 
(Everatt), T., 1233 ; 


P., 148. 


and its ethyl ester (Best and THorpr), 
P., 283. 
r-Phenylehloroacetic acid, ee of 
(McKenzie and CLoveH), T., 818; 
P., 91 


of halogen in, by hydroxy- and meth. 

oxy-groups (McKENzIz and CLoven), 

¥., S11; ¥., 7 

iodide, p-bromo- (EVERATT), T., 1233, 
and THorRPE), T., 182; P., 13 

o-Phenylenediacetic acid and its amide 
and nitrile, preparation of (Moors and 
Tuorpe), T., 175. 


Phenylhydrazine, oxidation of, by 
Caro’s acid (Carn), P., 76. 
reactions of, with metallic cyanides 


and salts (StruTHERS), P., 179. 


1-Phenyl-2-methylbenziminazole,  4:7- 
dinitro-6-hydroxy-, and its acetyl de. 
rivative and methyl ether, and it: 
o-, m-, and p-chloro-, and p-nitr- 
derivatives and salts of the p-nitro-com- 
pound (MELpoLA and Hay), T., 1671. 
Phenylmethyl--butylallylammonium 
salts and p-bromo-, optical activity of 
(EveRATT), T., 1227; P., 148. 
Phenylmethyl-ethyl-,-»- and -/sopropyl-, 
-isobutyl-, and -isvamyl-allylammon- 
ium salts, p-bromo-, effect of con- 
stitution on the rotatory power of 
(JonEs and Hit1), T., 295; P., 28 
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salts (RUHEMANN), T., 1284; P., 178 
carboxylic acid and its silver salt 
(SIMONSEN), T., 1032. 

2-Phenyl-6-methvl-4-pyrone and its pla- 
tinichloride (RUHEMANN), T., 433; 
P., 53. 

See Toluene, 
w-isonitro-. 

S-Phenylphenazothionium, 

of (SMILEs and Hitpircn), T., 
1687 ; P., 199. 
hydroxide and salts, 

nitrohydroxy- (SMILES 
pitcn), T., 1692. 
isodinitrohydroxy-, and its hydroxide 
and salts (SmiLes and HILpIitck), 
T., 1697. 


derivatives 
145, 


a- and B-3:9-di- 
and HIt- 
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Phenyl-y-phenylenediamine and 2- and 
4-mono-, 2:4-di-, and 2:4:6-tri-nitro-, 
and their diazo-derivatives (MorGAN 
and MickLETHWwaIT), T., 608; P., 
48. 
y-Phenylpropane, 8-imino-a-cyano-, pre- 
paration of, and formation of 1:3- 
naphthylenediamine from (Brest and 
TuorPe), P., 283. 
Phenylpropiolic acid, alkaloidal salts, 
and their optical activity (H1Lpircn), 
T., 26; F., G. 
Phenylpropiolic acid, bornyl and 
menthyl esters, optical properties 
of (Hitpircn), T., 1 

ethyl ester, condensation of, with 
ketones (RUHEMANN), T., 431; P., 
52. 

8-Phenylpropionic acid, alkaloidal] salts, 
and their optical activity (H1LpiTcH), 
T., 702; P., 61. 

8-Phenylpropionic acid, bornyl and 
menthyl esters, optical properties of 
(HitpitcH), T., 1. 

Phenylthiocarbamide, reaction of, with 
acid chlorides (Dixon and Taytor), 
T., 20. 

Phenylthiocarbimide, action of, on ethyl 
malonate and on ethyl cyanoacetate 
(RUHEMANN), T., 621; P., 53. 

§-Phenylthionine, hydroxy-, and its 
hydroxide and salts (SmMILEs and 
Hitpitcn), T., 1696. 

§-Phenylisothionine chloride and hydr- 
oxide, hydroxy- (SmitEs and HIt- 
pitcu), T., 1699. 

isPhorone. See Trimethyleyc/ohexen- 
one. 

Phosphoprotein, reaction distinguishing 


nucleoprotein from (PLIMMER and 
Scott), T., 1699; P., 200. 
Phosphoproteins, distribution of, in 


tissues (PLIMMER and Scott), T., 1699; 
P., 200. 
Phosphoric and Phosphorous acids. See 
under Phosphorus. 
Phosphorus, atomic volumes of (Pri- 
DEAUX), P., 214. 
Phosphorus pentabromide, liquid, speci- 
fic volumes of (PRIDEAUX), P., 214. 
pentachloride, action of, on the methyl- 
ene ethers of catechol derivatives 
(BARGER), T., 563, 2081; P., 50, 237. 
Phosphoric acid, electrical conduct- 
ivity of (PHILLIPS), P., 239. 
Phosphorous acid, oxidation of, by 
iodine (STEELE), T., 2203; P., 
Phosphorus frirhodanide (Dixon and 
Tayor), T., 2153; P., 239. 
Phosphoryl frirhodanide (Dixon and 
Tayior), T., 2157; P., 239. 
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PHOTOCHEMISTRY :— 

Polarimetric study of intramolecular 
rearrangement in inactive sub- 
stances( PATTERSON and McMILLAN), 
T., 1041; P., 185. 

Optical activity and unsaturation, re- 
lation between (Hinpircn), T., 1, 
700, 1388, 1618; P., 61,186, 195. 

of compounds having simple mo- 
lecular structure (Pore and 
READ), T., 794; P., 99. 

of nitrogen compounds, effect of con- 
stitution on the (EvEeratTr), T., 
1225; P., 148. 

Optical inversion, Walden’s, contribu- 
tion to the chemistry of (MCKENZIE 
and CLoveu), T., 811; P., 91. 

Optically active compounds, influence 
of solvents on the rotation of 
(PATTERSON and THomson), T., 
355;(PATTERSONand McDoNALpD), 
T., 936; P., 125; (PATTERson), 
T., 1886; P., 216. 

See also Nitrogen compounds. 

Dispersion and refraction of triazo- 
compounds (Pxuiitp), T., 918; P., 
114. 

Refraction and dispersion of triazo- 
compounds (PuHI1iP),T., 918 ; P., 114. 

Refractive power of diphenylhexa- 
triene and allied hydrocarbons 
(SMEDLEY), T., 372. 

Rotation, influence of temperature 
change on, in solution (PATTER- 
son), T., 1836; P., 216. 

of optically active compounds, in- 
fluence of solvents on (PATTERSON 
and Tuomson), T., 355; (Part- 
TERSON and McDona.p), T., 936; 
P., 125; (Patrerson), T., 1836 ; 
P., 216. 

Rotatory power, the relative influence 
of bi-, quadri- and sexa-valent 
sulphur on (HriLprrcu), T., 1618 ; 
P., 1965. 

of optically active ammonium com- 
pounds, effect of constitution on 
the (Jones and Hi1), T., 295; 
P., 28. 

of optically active nitrogen com- 
pounds, effect of constitution on 
the (Everatr and Jongs), T., 
1789; P., 212. 

Spectra, absorption, and chemical con- 
stitution, relation between (BALY 
and Derscu), T., 1747; P., 178; 
(BALy and ScHarrer), T., 1808; 
P., 207 ; (Baty and Tuck), T., 
1902; P., 223; (BaLy and MaArs- 
DEN), T., 2108 ; P., 285 ; discussion, 
P., 236 ; (BALY, CoLLIE, and Wat- 
son), P., 268. 


ee ee ee 
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Phthaleins, constitution of the salts of 
the, and the cause of the colour 
in the triphenylmethane series 
(GREEN), P., 206. 

of mellitic and pyromellitic acids, con- 
stitution of the (SILBERRAD),P., 209. 
Phthalidecarboxylic acid and its silver 
salt, formation of (CREETH and 
TuorPeE), T., 1512; P., 193. 
2-Phthalide-5-methoxyphenoxyacetic 
acid, preparation of (PERKIN and 
Rosinson), T., 511. 
4-Phthaloyl-3-methoxyphenoxyacetic 
acid (PERKIN and Ropinson), T., 512. 
Physiological action and chemical con- 
stitution, relation between, in certain 
substituted aminoalky] esters (PYMAN), 
T., 1793; P., 208. 
Picene, alkyl derivative of (HomER and 
Purvis), T., 1825; P., 147. 
a-Picoline. See 2-Methylpyridine. 

Picolinic acid, 3:5-dichloro-, and its 

methyl ester and amide (SELL), T., 
1995; P., 225. 

Picric acid, molecular compounds of 

(Gipson), T., 2098; P., 241 
metallic salts and their hydrates and 

hydrazine salt (SILBERRAD and 

Puituirs), T., 474; P., 22. 

Pinene, oxidation products of (HENDER- 
son and HEILBRON), T., 288; P., 31. 
Pinenedicarboxylic acid, amino-, con- 
densation of, with aspartic acid and with 
glycine (GoppEN), T., 1171; P., 144. 

Piperidylethyl benzoate and its additive 
salts and physiological action (Py- 
MAN), T., 1795; P., 208. 

phthalate and its additive salts (Py- 
MAN), T., 1805; P., 208. 
Piperil, action of thionyl chloride on 
(BARGER and Ewrns), T., 735; P., 60. 
Piperonal, action of phosphorus penta- 
chloride and of thionyl! chloride on 
(BarGeEr), T., 572. 
Piperonals;oxime, rate of inversion of, 
in inactive substances (PATTERSON 
and McMILLAn), T., 1043; P., 135. 
Piperonyl alcohol, action of thionyl 
chloride on (BARGER), T., 567. 
Piperonyloin, action of thionyl chloride 
on (BARGER and Ewins), T., 735; 
rp om 
Platinocyanides, fluorescence of (LEvy), 
‘Z., 1446; F., 178. 

Polarimetric study. 

chemistry. 

Polyiodides, formation of, in nitrobenz- 

ene solution (Dawson), T., 1308 ; 
P., 181 ; (Dawson and Jackson), T., 
2063; P., 213. 

Polymorphism (Bartow and Ports), T., 

1528 ; P., 193. 


See under Photo- 
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Potash bulb, new form of (HILL), P., 
182. 
Potassium periodate, specific gravity and 
solubility of (BARKER), T., 16. 
iodide, double salts of, with mercuric 
iodide and  dimercuriodocamphor 
in organic solvents (MAksH and 
STRUTHERS), P., 266. 
lead periodide, Wells’, composition 
and formula of (MELDRUM), P,, 
97. 
nitrate, crystallisation of (JoNEs), T., 
1740; P., 196. 


polymorphism of (BARLow and 
Pore), T., 1548. 
nitrite, molecular volume of (Riy), 


T., 999; P., 75. 
lead nitrites, complex (MELDRUM), 


P.5 8. 
sulphite, action of, on potassium tetra- 
thionate in aqueous solution 


(CoLEFAX), T., 798. 
and potassium pentathionate, the 
reaction between (Divers), P., 
122. 
trithionate (MACKENZIE and Mar- 
SHALL), T., 1732; P., 199. 
tetrathionate, action of potassium sul- 
phite on, in aqueous solution (COLE. 
FAX), T., 798. 

Propanetetracarboxylic acid. 
carboxyglutaric acid. 

Propionic acid, ethyl ester, azoimides of 
(Forster and Frerz), T., 669; P., 
54. 

Propionitrile, additive compound of, 
with silicon tetrabromide (REYNOLDs), 
P., 280. 

Propyl arsenite (LANG, MAckKery, and 
GortNeEr), T., 1367 ; P., 150. 

Propyleatechol, dichloro-, cyclic carb- 
onates of (BARGER), T., 2081; P., 
237. 

isoPropylmalonic acid, ethy] ester, sod- 
ium derivative, action of monochloro- 
methyl] ether on (SIMONSEN), T., 1777; 
P., 212. 

isoPropylmalonic acid, 8-hydroxy-, 8- 
lactone of, from acetone and malonic 
acid, and its salts( MELDRUM), |., 598; 
P., 31. 

Proteins of egg yolk (Piimmen), T., 
1500; P., 190. 

Protocatechuic acid, electrolytic oxida- 
tion of (A. G. and F. M. Perkry), T., 
1196; P., 149. 

Protocatechuic acid, phenyl and meth- 
oxyphenyl esters, amide, and anilide 
(BARGER), T., 569. 

Pulegone, action of amyl nitrite on, in 
presence of sodium ethoxide (CLARKE, 
LapwortH, and WECHSLER), T., 37. 


See Di- 
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isoPulegonic acid, oxime and semicarb- 
azone of, and oxidation of the oxime 
(CLARKE, LAPWoRTH, and WECHSLER), 
‘Avy OO 

Purpurogallincarboxylic acid and its 
salts and tetramethyl ether and the 
methyl ester of the ether (A. G, and 
yr. MM. Perem), T., 2966: P.., 
149. 

Purpurogallonecarboxylic acid and its 
acetylation and tetramethyl ether and 
the methyl ester of the ether (A. G. 
and F. M. Perkin), T., 1190; P., 
149. 

Pyknometer, new form of (BousFIELD), 
T.. 679 P., 6B: 

Pyranol salts related to brazilein and 
hematein, synthesis and constitu- 
tion of (PERKIN, Rosrnson, and 
Turner), T., 1085; P., 148. 

from alkylated brazilein and hema- 
tein (ENGELS, PERKIN, and Rowin- 
son), T., 1147. 

Pyridine, some physico-chemical proper- 
ties of mixtures of water and (HART- 
LEY, THOMAS, and APPLEBEY), T., 
538; P., 22; (Dunstan and THOLE), 
T., 561; P., 59. 

additive compound of, with silicon 
tetrabromide (REYNOLDs), P., 280. 

chlorination of methyl derivatives of 
(SELL), 1993; P., 225. 

Pyridine, 3:5-dichloro-, preparation and 
orientation of (SELL), T., 1996, 
1997 ; P., 225. 

2:3:5-trichloro-, orientation of (SELL), 
T., 2001 ; P., 2285. 

2-chloro-5-amino- (MrLtus and WIp- 
pows), T., 1379 ; Fs 174. 

3:5-dichloro-2-amino-, formation of, 
and its platinichloride, and %:5-di- 
chloro-2-hydroxy- (SELL), T., 2002 ; 
P., 226. 

dichlorodihydroxy-, 
(SELL), T., 2000. 

Pyridine bases, use of, as_ halogen 
carriers (Cross and CoHEN), P., 15. 

Pyridine-2-carboxylic acid. See Pico- 
linic acid, 

Pyridine-8-carboxylic acid. 
tinic acid. 

2-Pyridone, 5-amino-, synthesis of, and 
its V-benzoyl derivative (Mis and 
Wippows), T., 1881; P., 174. 

2-Pyridyl benzoate, 5-amino-, V-benzpy! 
derivative of (MILLS and Wrppows), 
T., 1383; P., 174. 

Pyromellitic acid, constitution of the 
phthaleins of (STLBERRAD), P., 209. 

4Pyrone compounds, formation of, from 
acetylenic acids (RUHEMANN), T., 431, 
1281 ; P., 52, 177. 


formation of 


See Nico- 


Pyrones and allied compounds, relation 
between absorption spectra and chemi- 
cal constitution of (BALY, CoLLIE, and 
WATSON), Pas 268. 

Pyrrole, potassinm derivative, action of 
silicochloroform on (REYNOLDs), P., 
279. 

silicon compound of (RrYNOLDs), P., 
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Q. 


Quinhydrone, absorption spectra of, in a 
state of vapour and in solution (Harrt- 
LEY and LEONARD), P., 284. 

Quinol, absorption spectra of, in a state 

of vapour and in solution (HARTLEY 
and Lronarp), P., 284. 

reaction of diazonium salts with 
Orton and Everatr), T., 1021; 
P., 138. 

dimethyl ether, sulphination of 
SmiLEs and Le Rossienou), T., 
760. 

Quinoneanil, bromo-derivatives (SMITH 
and OrTon), T., 318; P., 27. 


R. 


Racemic compounds, existence of, in the 
liquid state (DUNSTAN and THOLE), 
‘Eo 1900 > Big See 

Radium, direct action of, on copper and 

gold (PERMAN), T., 1775; P., 214. 
chemical action of, on water and 
certain gases (CAMERON and Ram- 
say), T., 966; P., 182. 
emanation, the initial change of the 
(SipGwick and TizArp), P., 64. 
chemical action of, on water 
(CAMERON and Ramsay), T., 992; 
P., 133. 

Refraction and Refractive power. See 
under Photochemistry. 

Resacetophenone dimethyl ether (PEr- 
KIN, Kospinson, and TurNER), T., 
1108. 

Residual affinity. See under Affinity, 
chemical. 

Resorcinol, azo-derivatives of (Ornron 

and Everatt), T., 1017; P., 118. 
2:4:6-trinitro-. See Styphnic acid. 

Rhodanides of inorganic radicles, con- 
stitution and properties of (DIxon and 
TAYLOR), T., 2148 ; P., 238. 

Rotation and Rotatory power. See under 
Photochemistry. 


Rubidium iodate and periodate (BARKER), 


1., 16. 

nitrate, crystallisation of (JongEs), T., 
1742; P., 196. 

trithionate (MACKENZIE and MAR- 
SHALL), T., 1735; P., 199. 


a 
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Rubidium and cesium, estimation of 
(MACKENZIE and MARSHALL), T., 
1738 ; P., 200. 

8. 
Salicylaldehyde, condensation of, with 


benzamide (TITHERLEY and Mar- | 


PLES), T., 1933; P., 229. 

Salicylaldoxime, alkylation of (IRVINE 
and Moopig), T., 102. 

Salicylic acid, brucine and cinchonine 
salts, and their optical activity (H1L- 
pircH), T., 1891; P., 186. 

Salicylidenebenzamides, isomeric, pre- 
paration of (TITHERLEY and Mar- 
PLES), T., 1939; P., 229. 

Salicylidenediamine, di- and tri-benzoy] 
derivatives of (TIrTHERLEY and Mar- 
PLES), T., 1940; P., 229. 

Salt formation, examination of the con- 
ception of hydrogen ions in (Lap- 
WORTH), T., 2187 ; P., 275. 

Salts, electrometric determination of the 

hydrolysis of (DENHAM), T., 41. 
complex, constitution of, and a criti- 
cism of Werner’s theory (FRIEND), 
T., 1006; P., 122. 
See also Metallic salts. 

Selenonium bases, aromatic (HILDITCH 
and SmILgs), T., 1384. 

Silica. See Silicon dioxide. 

Silicochloroform, action of, on potass- 
ium pyrrole (REYNOLDs), P., 279. 

Silicon (tetrabromide, additive com- 

pounds with acetonitrile, propio- 
nitrile, and pyridine (REYNOLDs), 
P., 260. 
carbide, formation of (Prine), T., 
2104; P., 240. 
dioxide (silica), reduction of, by 
carbon (GREENWOOD), T., 1492; 
P., 188. 
the polymorphous forms of (BARLOW 
and Popr), T., 1554. 
sulphides and oxysulphides (RANKIN 
and Revincron), P., 131. 

Silicon organic compounds (MARsDEN 
and Kippinc), T., 198; P., 12; 
(Ropison and Krppinc), T., 439; 
P., 25; (Kipprne), T., 457; P., 47; 
(Lurr and Kipprne), T., 2004, 2090 ; 
P., 224, 236 ; (REYNoLDs), P., 279, 280. 

Silicotetrapyrrole (REYNOLDs), P., 279. 

Silver chloride, solubility of, in mer- 

curic nitrate solution (BUTTLE and 
Hewitt), T., 1405; P., 173. 

nitrite, molecular volume of (RAy), 
T., 999; P., 75. 

Silver, new test for (GreGcory), P., 125. 
estimation of, volumetrically (LANG 

and WoopHovsse), T., 1037 ; P., 122. 


Silver, quantitative separation of thal]. 
ium from (SPENCER and LE Pa), T, 
858; P., 75. 

Sitosterol and its phenylcarbamate and 
oxidation products (PICKARD and 
YaTsEs), T., 1928; P., 227. 

Sodium periodate, specific gravity of 

(BARKER), T., 17. 
nitrate, polymorphism of (Bartow 
and Pope), t. 1528; P., 193. 
and lead nitrate, the temperature 
of spontaneous crystallisation of 
mixtures of (Isaac), T., 384; 
P., 30. 

nitrite, molecular volume of (Riv), 
T., 999; P., 75. 

| sulphate solutions, spontaneous 

crystallisation of (HARTLEY, JoNEzs, 

| and Hurcuinson), T., 825; P., 

70. 

thiosulphate, the chemical dynamics 
of the reactions between organic 
halogen compounds and (SLAToR 
and Twiss), P., 286. 

Sodium alkyl thiosulphates, action of 
alkalis on (Price and Twiss), T, 
1395, 1403; P., 179, 185. 

o-, m-, and p-nitrobenzyl thiosulphates 
and the action of alkalis on (Price 
and Twiss), T., 1403; P., 18. 

Solutions, viscosity of (Fawsirr), T,, 
1004; P., 121. 

viscosity and conductivity of some 
aqueous (GREEN), T., 2023, 2049; 
P., 187. 

Solvents, influence of, on the rotation of 
optically active compounds (Parrer- 
son and Tuomson), T., 355; 
(PATTERSON and McDona.p), T.,, 
936; P., 125; (Patterson), T,, 

1836; P., 216. 

Specific inductive capacity. See Di- 

| electric constant under  Electro- 


| chemistry. 
| Stereoisomeric compounds, _ relation 
between dielectric constant and 


chemical constitution of (STEWwAkt), 
T., 1059; P., 124. 

Stilbene, 2:4:2':4'-fefra-amino- —_ and 
-nitro- (GREEN and Bappixey), T,, 
1725; P., 202. 

Stilbene-2:2’-dicarboxylic acid, 4:4: 
dinitro-, and its sodium salt (GREEY 
and Bappitey), T., 1724; P., 
202. 

Stilbene group, colouring matters of the 
(GREEN and BappiLey), T., 1721; 
P., 201. 

Strontium nitrite, molecular volum 
of (RAy), P., 240. 

Styphnic acid, molecular compounds 
of (G1Bson), T., 2098; P., 241. 


C 
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all- Styrenes, action of thionyl chloride on | Substance, Cy;H 3, and its acyl de- 
7. (BARGER and Ewins), T., 2086; rivatives, from the oxidation of 
, P., 237. cholesterol (PICKARD and YATEs), 
and Substance, C,,H,,0, from the Californian T., 1680; P., 121. 
and laurel (Turin), T., 257; P., 24. Cy,H,,03, from olive leaves (POWER 
C,pH,O,Cl,, from the action of thionyl and Turin), T., 898; P., 117. 
of chloride on isosafrole dibromide C;,;H;0;, and its diacetate, from the 
(BARGER and Ewins), T., 2090. oxidation of dicholestery] ether 
LOW C,)H,,O;N, from the action of hydro- (PicKARD and YATEs), T., 1682; 
3. chloric acid on ethyl ammonium Fa» DRL. 
ture 6-hydroxy-2-methylpyridine-3:5-di- | Substitution of halogen by hydro- 
n of carboxylate (SIMONSEN), T., 1029. gen in compounds containing the 
384 « C,)H,,OBr, from the acid, C,)H,,0.Br, —CO'CX,"CO— complex by the 
from pinene (HENDERSON and action of hydriodic acid (WHITELEY), 
sy), HeEiLpBron), T., 291; P., 31. P., 288. ; 
C,)H,;0Cl, from pinene (HENDERSON — Succinie acid, alkaloidal salts, and their 
1e0Us and HerLBron), T., 294; P., optical activity (HitpircH), T., 704; 
NES, 31. Ps 61. 
P.. C,,H,,0;, from the oxidation of tetra- | Sucrose, conductivity and viscosity of 
methyldihydrobrazileinol (ENGELS, solutions of (GREEN), T., 2023 ; 
umics PerKIN, and Rogrinson), T., 1146. P25, 18%. : 
ganic C,,H,,0,, from the oxidation of tetra- and lithium chloride, conductivity I 
ATOR methyldihydrobrazileinol (ENGELS, and viscosity of mixtures of solu- 
PERKIN, and Kosinson),_ T., tions of (GREEN), T., 2049; P., 
on of 1145. 187. 
| 3 C,,H»O;N., and its copper salt, from | Sulphides, aromatic, interaction of, 
) the condensation of aminopinene- with hydrogen dioxide (GAzDAR and 
shates dicarboxylic acid and glycine SMILEs), T., 1833; P., 216. ' 
PRICE (GoppEN), T., 1172. Sulphination of phenolic ethers and the 
e C,,H,,N,, from the action of magnes- influence of substituents (SMILES and 
2 lum phenyl bromide on _bistriazo- Le Rossienoz), T., 745; P., 61. 
7 ethane (Forster, Fierz, and | Sulphinie acids and sulphonic acids, 
some JosHuA), T., 1072; P., 102. aromatic, alkaloidal salts, and their 
2049 ; C\,H,gO,, from the condensation of rotatory power (HiLpircu), T., 1620 ; 
methyl 2:4-dimethoxybenzoylprop- P.,, 305. 
tion of ionate with ethyl oxalate (PERKIN | Sulphoacetic acid, chloro-, strychnine 
TER: and Rosprnson), T., 507. sa'ts and their optical activity (Popz ' 
355 ; C;-H,,0,N., from the interaction of and Reap), T., 795; P., 99. 
. = p-nitrobenzyl chloride and isonitr- | Sulphobenzylethylisobutylsilicyl oxide, 
. <= osocamphor (ForsTER and HoLMEs), metallic, bornylamine, cinchonidine, 
T., Ss £.,:8. cinchonidine hydrogen, and menthyl- 
ee Di- C)-Hy0,N. (m. p. 114°), from the amine salts (LuFF and Krppine), T., 
‘lectro- interaction of p-nitrobenzyl bromide 2010; P., 224. 
and isonitrosocamphor (Forster  //-Sulphobenzylethylisobutylsilicyl ox- 
elatior _and HowtmEs), T., 250; P., 9. ide, resolution of, and the properties 
- and C)-H»O;Ny (m. p. 175°), from the of the optically active acids, and their 
WART), interaction of p-nitrobenzyl chloride amine salts (LuFF and Kippzne), T., 
and jsonitrosocamphor (ForsTEer 2090; P., 236. é 
and and Hotmgss), T., 248; P., 8. dl-Sulphobenzylethylpropylsilicyl ox- ' 
y), Ts C),H.O;, from the expressed oil of ide, decomposition and resolution of : 
nutmeg (PowEr and Satway), T., (KippInG), T., 462; P., 47. 
4:4: 1655 ; P., 198. Sulphobenzylethylpropylsilicy] oxides, ; 
(GREEY Ci\.H)sOgNy, from £8-naphthol and optically active, and their metallic, a 
. & 2:3:5-trinitro-4-acetylaminophenol amine, and alkaloidal salts (K1pPINe), f 
Me.Lpoua and Hay), P., 211. T.,. 467 > P., a8. 
sof the ©.;H.,O,, from ethyl phenylpropiolate, | Sulphobenzylethylsilicone and its salts 
, 1721; acetophenone, and sodium ethoxide (Ropison and Kippine), T., 445; P., iy 
(RUHEMANN), T., 485; P., 52. 25. 
volumee 4 CyH,,0,,N3, and its copper salt, from | Sulphonic acids and sulphinic acids, 
the condensation of aspartic acid aromatic, alkaloidal salts, and their | 
npounds and aminopinenedicarboxylic acid rotatory power (HiLpitTcH), T., 1620; i 
i GODDEN), T., 1173. P., 195. ' 


—— 
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wins i ig haem acid, preparation of, 
and its barium hydrogen salt (MELD- 
RUM and Perkin), T., 1419. 
Sulphoxides, preparation of (GAZDAR 
and Smiues), T., 1833; P., 216, 
Sulphur, bi-, quadri-, and sexa-valent, 
influence of, on rotatory power 
(Hiupiren), T., 1618 ; P., 195. 
Thionyl chloride, action of, on the 
methylene ethers of catechol de- 
rivatives (BARGER), T., 563; P., 


yA INDEX OF 
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Terpineols, d- and J-, synthesis of 
(FISHER and PERKIN), T.,1871; P.,228, 

cis-Tetrahydrocarvestrenediol, synthesis 
of (FISHER and PERKIN), T., 1889, 

Tetramethoxyanthraquinone (BrENriEy 
and WEIZMANN), T., 437; P., 52. 

Tetramethoxy-2-benzoylbenzoic acid and 
hydroxy- (BENTLEY and WEIZMANN), 
T., 437; P., 52. 


_ 7:8:4':5'-Tetramethoxy-4:3-indenobenzo- 


50; (BARGER and Ewins), T., 735; | 


P., 60. 


Sulphuric acid, viscosity of fuming | 
(DuNnsTAN and Witson), T., 2179; | 


F., 270. 

Trithionates of the alkali 
(MACKENZIE and MARSHALL), T., 
1726; P., 199. 


metals 


Tetrathionates of the alkali metals | 


(MACKENZIE and MArRsHALL), T., 
1726; P., 199. 
Sulphuric acid. See under Sulphur. 
Syntheses with the aid of monochloro- 
methyl ether (Simonsen), T., 1777 ; 
P., 212. 
with phenol derivatives containing a 


mobile nitro-group (MELDOLA and | 


Hay), T., 1659; P., 197. 


4 


Tannic acid, action of reducing agents 


on (GARDNER and Hopesoy), P., 
272, 278. 


estimation of (GARDNER and Hope- | 


son), P., 273. 


Tartaric acid, ethyl ester, rotation of, in | 


aliphatic halogen derivatives (Pat- 
TERSON and THomson), T., 355. 
rotation of, in aromatic halogen 
derivatives (PATTERSON and Mc- 
DonaLD), T., 936; P., 125. 
rotation of, in aromatic nitro-de- 
rivatives (PATTERSON), T., 1836; 
P., 216. 
Tautomerism, the enol-ketonie (Dvun- 
STAN and Strusss), T., 1919; P., 224. 
Tellurium dicyanide and its compound 
with ether (CocKsEDGE), T., 2176; 
P., 269. 

Teloidine and its additive salts (PyMAN 
and REYNOLDs), T., 2080; P., 234. 
Temperature. See under Thermo- 

chemistry. 

Terpenes, contributions to the chemistry 

of the (HENDERSON and HEILBRON), 
T., 288; P., 31. 

experiments on the synthesis of 
(HawortH and PERKIN), T., 573; 
P., 64; (Fisher and Perky), T., 
1871, 1876; P., 228. 


pyranol(1:4) anhydroferrichloride 
(ENGELS, PERKIN, and Rosrnsoy), 
T., 1152. 

a-4;:5:5'-Tetramethoxy-§ -phenoxy-8- 
phenylisobutyric acid, 2:2'-iliydr- 
oxy-, lactone of (ENGELS, PERKIN, 
and Ropinson), T., 1161. 

Tetramethyl bromo- and chloro-glucose 
(IRVINE and Moopikg), T., 105. 

Tetramethylcoumarins, 3:4:6:7-,3:4:6:8-, 
3:4:5:7-, and 4:5:6:8-, formation of 
(CLAYTON), T., 2019. 

Tetramethyldihydrobrazileinol and its 
oxidation (ENGELS, PERKIN, and 
Rosinson), T., 1138. 

Tetramethyldihydrohemateinol  (iy- 
GELS, PERKIN, and Ropinson), T., 
1142. 

Tetramethyldinaphthanthracene. 
Picene, alkyl derivative. 

Tetramethyl glucose, <derivatives- 0. 
(IrvINE and Moopte), T., 95. 

Tetramethyl glucoseanilide and its 
attempted alkylation (Irvine and 
Moonie), T., 103. 

Tetramethyl glucoseoxime and its alkyl- 
ation (IkVINE and Moonie), T.. 190. 
Tetramethylhematein (ENGELS, PER- 
KIN, and Roprinson), T., 1141. 

1;4:5:8-Tetramethylnaphthalene, alsorp- 
tion spectra of (HomMER and PuRVIS), 
T., 1821; P., 147. 

Tetranaphthyl, absorption spectra of 
(Homer and Purvis), T., 1321; P., 
147. 

Tetrathionates. 


See 


See under Sulphur. 


| Thallium, interaction of, with organic 


halogen compounds (Srencer and 
WALLACE), T., 1832; P., 194. 

Thallium, quantitative separation of, 
from silver (SpeNcER and LE PLA), 
Bu, O00; P., 76. 

Thallium ion, subvalent, existence in 
aqueous solutions of a (DENHAM), T., 
833 ; P., 76. 

THERMOCHEMISTRY :— 

Temperatures, high, and high pres- 
sures, apparatus for experiments at 
(THRELFALL), T., 1333; P., 131. _ 

Transition points, determination of 
(Dunstan and Tuo.e), T., 1819; 
P., 228. 
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THERMOCHEMISTRY :— 

Transition temperatures, influence of 
foreign substances on, and the de- 
termination of molecalar weights 
(Dawson and Jackson), T., 344; 
P., 26. 

Thetines, phenolic, and their reaction 
with benzoyl chloride (BARNETT and 
SmILEs), P., 123. 

Thiocarbamide and ammonium  thio- 
cyanate, isomerism of (PATTERSON and 
McMiLuan), T., 1049; P., 135. 

Thiocarbamides, reactions of, with acid 
chlorides (Drxon and Taytor), T., 18. 

Thiocyanates containing an electronega- 
tive group, constitution of (DIxon and 
TayLor), T., 684; P., 73. 

Thionaphthen derivatives, synthesis of, 
from styrenes and thionyl chloride 
(BARGER and Ewiws), T., 2086; P., 
237. 

Thionaphthen, ervachloro- and 1:2-di- 
chloro-4:5(or 5:6)-dihydroxy-, and its 
dibenzoyl derivative (BARGER and 
Ewins), T., 2086; P., 238. 

Thionyl chloride. See under Sulphur. 


Thionyldiglycollic acid and its salts, 
preparation of (GAzDAR and SMILEs), 
T., 1834; P., 216. 

Thoria, reduction of, by carbon (GREEN- 


woop), T., 1493-; P., 188. 

Thorianite, traces of a new tin-group 
element in (EvANs), T., 666; P., 60. 
Thymol, 2-bromo-, bromonitro-, and 2- 
nitro- (RopERTsON), T., 793; P., 73. 
Tin, the electroanalytical deposition of 

(SAND), T., 1572; P., 189. 

Tin-group, new element of the, in 
thorianite (EvANs), T., 666; P., 60. 
Tissues, distribution of phosphoproteins 
in (PLimMER and Scorr), T., 1699 ; 

P., 200. 

Titani-dihydroxymaleic acid (FENTON), 
T., 1064; P., 138. 

Titanium, detection of (FENTON), T., 
1064; P., 133. 

Toluene, o-, m-, and p-chloro- and 
-nitro-, oxidation of (LAw and PrEr- 
KIN), T., 1634; P., 195. 

p-nitro-, action of caustic alkalis on 
derivatives of (GREEN and Bap- 
puny), T., 1721; P., 204. 
w-isonitro-, velocity of transformation 
of (PAtTERSON and McMILLAN), 
T., 1048; P., 135. 
p-Tolueneazo-orcinol, 3:5-dibromo- (Or- 
TON and EvEratTrT), T., 1020. 
-Toluene-4-azoresorcinol, 2:4:6-tri- 
bromo- (OrToN and Everartt), T., 
1018. 
p-Toluene-4-azoresorcinol, 3:5-dibromo- 
(OrTon and Everatr), T., 1018. 
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| Toluenediazonium bromides. See Diazo- 
toluene bromides. 

| p-Toluenesulphinic acid, alkaloidal 

| salts, and their rotatory power (HIL- 

pircH), T., 1621. 

p-Toluenesulphonic acid, alkaloidal 
salts, and their rotatory power (HIL- 

pircn), T., 1621. 

m-Toluic acid, 5-bromo-6-hydroxy- 
(Ropertson), T., 789; P., 73. 

p-Toluic acid, 2-hydroxy-, preparation 
and reduction of (MELDRUM and 

PERKIN), T., 1420; P., 187. 

p-Toluidides, anilides, and a-naphthal- 
ides of normal fatty acids, melting 

points of (RoBERTsON), T., 1033; P., 

120. 

Tolyl arsenites, o-, m-, and p- (LANG, 
Mackry, and Gortner), T., 1370. 
Tolyl-5-arsonic acid, 2-amino-, and its 
sodium salt and its N-acety] deriva- 
tive (PyMAN and Reywno.ps), T., 

1181; P., 143. 

2-hydroxy-, sodium salt (BARRow- 
CLIFF, PyMAN, and Remrry), T., 
1896. 

| p-Tolylbenzylmethylallylammonium 

| iodide and hydrogen tartrate, resolu- 
tion of (Everatrr and Jongs), T., 
1790; P., 212. 

1-0-Tolyl-2-methylbenziminazole, 4:7- 
dinitro-6-hydroxy-, and its silver salt, 
acetyl derivative, and ethyl ether 
(MELDOLA and Hay), T., 1672. 

1-p-Tolyl-2-methylbenziminazole, 4:7 -di- 
nitro-6-hydroxy-, and itssaltsand ethyl 
ether (MELpoLA and Hay), T., 1673. 

Transition points. See under Thermo- 
chemistry. 

Trianisylselenonium and its chloride, 
dichromate, hydroxide, iodide, and 
platinichloride (HILDITCH and 
SMILEs), T., 1387. 

Trianisylsulphonium and its _platini- 
chloride (SMILEs and LE Rossicnoz), 
T., 755. 

Triazoacetaldehyde 
FiERZ), T., 1865; P., 

Triazoacetic acid and its salts, ethyl 

ester, and amide (Forster and 
Frerz), T., 72. 

dissociation constants of (PHILIP), T., 
925; P., 114. 

Triazoacetone (acctonylazoimide) and its 
oxime and semicarbazone, and the p- 
toluenesulphonic derivative of the 
oxime (ForsTErR and Fierz), T., 72. 

1-Triazobutanone-2 anditssemicarbazone 
and its oxime and its p-toluenesul- 
phonyl derivative and 8-Triazobutan- 
one-2 and its semicarbazone (ForsTER 
and Frenrz), T., 675; P., 54. 


(ForsTER and 


227. 
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Triazo-compounds, refraction and dis- 
persion of (Puiuip), T., 918; P., 
114. 

Triazoethyl alcohol (2-triazocthanol-1) 
and its acetate and p-nitrobenzoate 
(ForsTeER and Fierz), T., 1865; P., 
227 


Triazoformic acid, ethyl ester (ForsTER 
and Frerz), T., 81. 

Triazo-group, the (ForsTER and FIERzZ), 
T., 72, 669, 1070, 1174, 1859, 1865 ; 
P., 54, 102, 143, 226, 227. 

y-Triazopropane, a8-dibromo- (ForsTER 
and Fierz), T., 1178. 

a-Triazopropionic acid and its ethy] ester, 
silver salt, and amide (ForsTER and 
FieRz), T., 671; P., 54. 
resolution of, and its reduction to 
alanine, and the laevo-acid and its 
brucine salt, ethyl ester, and amide 
(Forster and Figrz), T., 1859; 
P., 226. 
dissociation constants 
T., 925; P., 14. 
8-Triazopropionic acid, ethyl ester 
(Forster and Frerz), T., 674; P., 54. 
Tribenzyl-silicol and -silicyl chloride 


of (Pu1tip), 


(Ropison and Krirprne), T., 450; P., 
25. 
Trimethoxyanthraquinone, hydroxy- 


(BENTLEY and WEIzMANN), T., 437; 
P., 62. 

Trimethoxy-2-benzoylbenzoic acid, 
2’:3':4’-(or 3/:4’:5’-) (BENTLEY and 
WEIzMANN), T., 436; P., 52. 

4:5:4'-Trimethoxy-2-benzoylbenzoicacid, 
2’-hydroxy-, preparation of (PERKIN 
and Ropinson), T., 513. 

7:4':5'-Trimethoxy-2:3-indenobenzopyr- 
anol(1:4) salts (PERKIN and Rosin- 
son), T., 1106. 

7:4':5'-Trimethoxy-4:3-indenobenzopyr- 
anol(1:4) salts (ENGELS, PERKIN, and 
Ropinson), T., 1149. 

7:4 :5'-Trimethoxy-4:3-indenobenzopyr- 
anol(1:4) anhycrohydrochloride, at- 
tempt to synthesise (ENGELS, PER KIN, 
and Ropinson), T., 1152. 

7:8:4'-Trimethoxy-4: 3- -indenobenzopyr- 
anol(1:4) anhydroferrichloride, 5’- 
hydroxy- (ENGELS, PERKIN, and 
+ res A _ 1151. 

a-4:5'-Trimethoxy-§’-phenoxy-8-pheny]l- 
isobutyric acid, 2:5:2'-trihydroxy-, 
lactone of, and its acetyl derivative 
(ENGELS, PERKIN, and Rosinson), 
T., 1156. 

Trimethylbrazilein and its derivatives 
(ENGELS, PERKIN, and RosINnson), 
T., 1133. 

Trimethylbrazilone (ENGELS, 
and Rosprnson), T., 1144. 


PERKIN, 


| Trithionates. 


SUBJECTS. 


Trimethylbrazilone, constitution of (Pr. 
KIN and Rogrnson), T., 498. 
W-Trimethylbrazilone, oxidation of, to 
2-carboxy-4:5-dimethoxyphenylacetic 
acid (PERKIN and Rogpinsoyn), T,, 
516. 
3:4:7-Trimethylcoumarin and its addi- 
tive salts, oxime, and phenylhydr. 
azone (CLAYTON), T., 529; P., 26. 
Trimethylcoumarins, 4:6:7-, 4:6:8., 
4:5:7-, and 5:6:8-, formation of 
(CLayTon), T., 2018. 
Trimethyldihydrobrazileinol, formation 
of (ENGELS, PERKIN, and Rosrnsoy), 
T., 1136. 
Trimethylcyc/ohexenone 
and some homologues, synthesis of 
(CrossLeEy and GILLING), P., 281. 
1:1:5-Trimethyl-A*-cyc/ohexenone-3 and 
its oxime and semicarbazone (CRossLgy 
and GILLING), P., 130. 
Trimethylsulphine perbromides and per- 
iodides (TINKLER), T., 1617 ; P., 191. 
3:4:7-Trimethylthiocoumarin  (CLay- 
TON), T., 530; P., 26 
Triphenetylselenonium and its clhiloride, 
hydroxide, iodide, and platinichloride 
(Hitprrcu and SMILEs), T., 1386. 
Triphenylethylsilicane (MARSDEN and 
KippinG), T., 209; P., 12. 
Triphenylmethane, absorption spectrum 
ef (LEONARD), P., 93. 
oxidation of (LAW and PERKIN), 
1637 ; P., 195. 
nature of the impurity found in pre- 
parations of (HARTLEY), P., v4. 
Triphenylmethane series, cause of colour 
in the (GREEN), P., 206. 
Triphenylmethylsilicane (MARSDEN and 
K1pPINnG), T., 210; P., 12. 
Triphenyl-silicol and -silicyl chloride 
(MarspEN and Krpprna), T., 208. 
Tris-/.-dimethoxyphenylsulphoniumand 
its chloride and platinichloride (SMILEs 
and Le RossiGnoz), T., 757. 
Tris-/-methoxytolylsulphonium platini- 
ehloride (SMILEs and LE RossIGNoL), 
T., 756. 
Tris-y-methoxytolylsulphonium and its 
platinichloride (SmiLes and Le Ros- 
SIGNOL), T., 759. 
Tris-5-methoxy--xylyl-2-sulphonium 
chloride and platinichloride (SMILES 
and Le RossiGnou), T., 762. 
See under Sulphur. 
Trixanthyl derivatives, new (SILBERRAD 
and Roy), P., 205. 
Tropine and its derivatives, 
values of (VELEY), P., 280. 


(isoph oro )y 


pe 


affinity 


Tungsten oxide, reduction of, by 
carbon (GREENWooD), T., 1493; P., 
188, 


INDEX OF 


U. 


Umbellulone, constitution of (TuTIN), 
T., 252; P., 23. 

Unsaturation and optical activity, rela- 
tion between (Hitpircn), T., 1, 700, 
1388, 1618; P., 61, 186, 195. 


(GREENWOOD), T., 1492; P., 188. 
Uric acid derivatives, affinity constants 

of, as determined by the aid of methy]l- 

orange (VELEY), T., 664; P., 50. 


Vv. 


Valency, new theory of (FriEnp), T., 
260, 1006; P., 14, 122. 

Vanillic acid, 2-bromo- (RoBERTSON), 
T., 792. 

Vanillin, new isomeride of, from the root 
of a species of Chlorocodon (GOULDING 
and PELLY), P., 62. 

Vapvur density, new method of deter- 
mining (BLACKMAN), P., 8. 

Velocity of chemical change, of hydro- 
lysis, and of reduction. See under 
Affinity, chemical. 

Viscosity and chemical constitution, 
relation between (DuNsTAN and 
THOLE), T., 1815; P., 213; (Dun- 
sTAN and Stusbs), T., 1919; P., 224. 

and conductivity of aqueous solutions 
(GREEN), T., 2023, 2049; P., 187. 
of solutions (FawsiTT), T., 1004; P., 


determinations at high temperatures 
(FawsitTt), T., 1299; P., 146. 


w. 


Walden inversion, contribution to the 
chemistry of the (McKeEnzrE and 
CLovcH), T., 811; P., 91. 

Water, conductivity, preparation of 

(HARTLEY, CAMPBELL, and POOLE), 
T., 428; P., 47. 

chemical action of radium emanation 
on (CAMERON and Ramsay), T., 
966, 992; P., 132, 133. 
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Weights, molecular, determination of, 
and the influence of foreign substances 
on transition temperatures (DAWSON 
and Jackson), T., 344; P., 26. 

Werner's theory, criticism of (FRIEND), 
T., 269, 1006; P., 14, 122. 


Uranium dioxide, reduction of, by carbon | Women, question of admitting, to the 


Fellowship of the Society, P., 203, 
277. 


x. 


Xanthyl derivatives, new (SILBERRAD 
and Roy), P., 204. 

Xenon, density of (Moore), T., 2181; 
P., 272. 

o-Xylene, nitro-derivatives of (CROSSLEY 

and RENovuF), P., 58. 
trinitro-derivatives (CROSSLEY 
RENOUF), T., 646. 

m-Xyleneazo-orcinol, 5-bromo- (ORTON 
and EvERATT), T., 1020. 

m-Xylene-4-azoresorcinol, 5-bromo- (Or- 
TON and Everatr), T., 1019. 

p-Xylene-2-sulphinic acid, alkaloidal 
salts, and their rotatory power (HIL- 
piITcH), T., 1621. 

p-Xylene-2-sulphonic acid, alkaloidal: 
salts, and their rotatory power (HIL- 
pircH), T., 1621. 

m-5-Xylenol methyl] ether, sulphination 
of (SMILES and LeE Rossienot), T., 
761. 

Xylenols, coumarins from (CLAyToN), 
T., 2018. 


and 


Z. 


Zinc mercuric cyanide, 
DuNsTAN), P., 135. 
Zirconium, atomic heat and atomic 

volume of (WEDEKIND and Lewis), 
Pp: 170. 
Zirconium oxide (zirconia), reduction of, 
by carbon (GREENWOOD), T., 1493 ; 
Fo, Lome 
silicate. 


formula of 


See Malacone. 


0,H,) 
CNeI 
C,H,0 
C,H,0 
C,H,O 
C,H,;0 
C,H.O 


C,H,N 
C;H,;O 
C,H,0. 
C,;H;N 
C;H,O 
C;N,S, 
C,H,0 
C,0ON;,! 


(,H,0, 
C,H,0. 
O,H,0, 
C,H,0. 
C,H,0, 
C,H,0. 
C,H,0) 
0,H,,0 
(,H,0, 
C,H,0, 


CSHN. 
C;H,0} 
CHO, 
i Ae) 
C;H,,0. 


FORMULA INDEX OF NEW COMPOUNDS. 
TRANSACTIONS. 1908. 


C. Group. 


C,H,0.N3Ag 


C., Group. 
O,H,N;.....:.....1178, 1179 
Geri acesciccsuducessavers 82 
C,H;O.N,....81, 671, 1861 
4 | rere ee 1178 
C,H,ON,..... 83, 674, 1863 
UD riiaiscccsvndessd 2178 


(,H,ON,.....675, 676, 677 


(HON, 


I a 1650 
(,H,0,SBa,2H,0......1835 
(,H,0,SPb 


C; Group. 
OsHNACl...........00-00]8 
CsH,ON 


Poe ree eeeeeesereee 


C;HgO.N3...673, 674, 1863 | 


676, 678 


| C,H,O.NCh......... 


| gH 0 
CyHioNe.-.-. paesas eees 


PAGE 
2000 
C;H,0,NCI,,3H,0 


C,, Group. 
Cie fecsceehacacseesece 
i | 0 Pe oS 
O,H,,0;,H.0.............588 
Seer 720, 725 
5% |) ere ho 
8 ree 
Co a Manas. ssesciesess. 
OR Oe re 
CRS 6.0050505000 


| C,H,0,K,H.0...........6 


C,H,O,Na 


| CgH,O,Agp...720, 721, 


-..2000 | 
Ce ae 570 


C,H,OBr 
©,H,0,Br 791, 792 


O,H,,0,Bry..........588, 590 


ft av See 1782 


C,H,,0.Br 


See a 5 


| O;H,,0,N,H,0 


ee) ee 1058 
C,H,O,AsNa,2H,0....1896 
6 SF Seema 626 
C;H,0;NS,Na.1403, 1404, 

1405 


| O,H,0,NS,Na,H,0 ...1404 


5 | C;H,O,;NAsNa,5H,0..1181 


ck SS ee 


| CHO Oe .........0.0004 
| C,H,0;N,Li, H,0.... 
| CyH,0;N,Li,4H,0.474,¢ 
| CsHs0,N;Na, H,0....... 
| OO O............ 
C,H,O.N3...........79, 1868 | 


C,H,ON,Cl......... 


| C,H,O,N.Bry........ 

| C,H; ON,CI 

| CoH pONQS............006- 2: 
| O,H,ON,OIS..............2% 


C; Group. 
1027, 
..086, 588 


pS Sa 1789 


C, Group. 
ine oars vuncoonsnclases 644 


C,H,.05..1422, 1423, 1884, 
1886, 1960, 1961 
O,H,,05....591, 1426, 1881 
7, 1428 
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PAGE 

C,H,,0 .292, 592, 593, 597 
ee ee 1081, 1085 
I a isccccrexnctenet 1083 
3 EE 1971 
OI a csckseaebuctd 1780 
aS iuce 593, 595 
RE, cco inntdots 1788 
II sic csescacs 1512 
ee 1511 
0,H,0,(1........ 2021, 2022 
CyH,O,Ag ........000000 1512 
SO EE 1510 
YY, eee 2084 
EY 2085 
NE cn ccacodcaet 1509 
iY, See 2083 
1 EEE 1868 
SS ee 1785 
a 2083 
| CyH,O,K,14H,0 .......1515 
GML OU......<.: 841, 842 
ee 102, 1956 
ee Ye 1896 
Wee 443, 445 
a” ee: 1869 
C,H,,0.N,,H,0. .......1869 
Se eT 761 
eS eee 1970 
CyH,s0gAg........000000. 1962 
C,H,,0.Br.......1081, 1082 
ka ee 1081 
C,H,,05N........ 1427, 1969 
ee 1882 
NI oasis sctcsice 1083 
oo ee 1428 
i”, eee 294 
tS eee 1367 
ey ae 2087 
C,H,OCLS .............. 2089 
C,H,0CI,8............-«. 2089 
C,H.O,ClHg............. 525 
ie 624 
CH, )0;AsNa,4H,0...1896 
C,H,,0,NClp............ 1999 
CyH,,0,N Bry...1996, 1999, 
2000 

oe ae 445 
C,H,OCLSHg............ 526 


PAGE 
er 2086, 2088 
|: Sener 568 
I ss cinsnmniseanats 819 
CI... oo. os ccennsics 789 
IE vce sec nxesseons 792 
ORAS... ......:.-: 646, 647 
o ? Sere 682 
C,H.O.N, 1635, 1636 
RI aiicsscasecucancs 313 
I i enicsiionsiiont 1381 
CPS. «5 cisecesi.. 1895 
Sere 758 
0,H),0.Br edeeesencesecns 1963 
C,H,,0;Ba,4H,0....... 1788 
O,H,,0.Br....... 1883, 1885 
C,H,,0,N........1426, 1881 
<a % eerrareee 583 
CBE. «00+ cc0veeis- 1783 
| 2% Sees 1428 
ee ) Seereee 1649 
©, H,,0,N........ 2077, 2080 
I iiic nncereicndig 102 
| ee 1824 
| eee 1802 
OY eee 1803 
OCHOALS.............. 2088 
O,H,0;N Ba,2H,0.....1031 
C,H,ON,Cl......1636, 1637 
C,H,O;AsNa,3H,0....1896 
GEL ON Je............ 2176 
C,H,,0,NCI.....2077, 2081 
C,H,,0,NBr ....2077, 2081 
ka’ 7, 1803 
OF OM Ben.......: 1803 
C,H,,0,NCI,Au, 4H,02077 

2081 
C,H 0,N,Cl, Aug ......1803 

C, Group 

i cic esiciacicos: 592, 596 
ii cciidsnnincewisedanie 569 
GRD, .......... 1514, 1524 
I iaiiiicnsccsmediad 1028 
GRA. ....... icecamenttl 1522 | 
+ ee 1962, 1967 | 
8 ee 291, 292 | 
C,H,,0, ....587, 590, 1084, 

1967 
1 ee 580, 1971 


CyH,,0,N AsNa,7H,0.1181 


C,,) Group. 
CiypHj,_ 864, 865, 868, 1890 
RENN <i2ojdcncescesinced 177 
CM des ccssnsasessces 1146 
CaN sasnecaiccteeseas 1516 
Rp ociskuserekcosaceed 291 
ig MPM Gs ce ssioccessestes 1973 
AE iecvsnsoainsaneesia 257 


CyoH go. 1874, 1875, 1876, 
1972, 1974 


SS 296, 1426 
eS 870 
O° RE 869 
II acsincercicninnsl 870 
C,H,g0.....257, 874, 1887 
a ees 2090 
C,9H,ON.......... 179, 1510 
I ccvedscaiea 2022 
[es 527 
oe ae 2085 
re ne 2085 
a 184, 527 
ee en 184 
et eS ee 1029 
“oe ee 176 
ee 291 
6 ee 1964 
C,H,0,N,$H,0.......1965 
ee eae 291 
Cig H305N.......- 793, 1563 
eo 1517 
a ene 1029 
ee ae 290, 294 
IAD oc scsessinasi 290 
eter 1974 

ee 38 
CyoHg0,S>....-.1651, 1652 
ee a ee 105 
EN ccccscsnce 106 
ee re 100 
OygH O,C1,8.......0.04+. 2090 
eS 179 
CipH ON Ag... .....0+0+ 179 
C,pH,0,ClpHg......-.-+-- 526 
CroH yg OgNCl........0+0++ 184 
CipHpOsN Ag. ...-.++-- 1029 


ee? 2003 
ee. 184 


2QNrAMWeleQaAaQaace 


PAGE 
CioH 11 02N5S..........-..- 624 
CypH,,03N Na 
CyoH}20,N,8 


O,pH,,OCIBr ............. 290 | 


C,H ,gONCI 

C,9H,,02NC1 
C,pH,OC!,SHg 

9H), ON,BrS.............. 21 


C,, Group. 
C,,H,p02-2018, 2019, 2020 
CH 29, 


182, 1515 


©), HpOg.-...-.:. 1084, 1968 
ND pss scsesscocnsays 1968 
C,,H,0,N, 
C,,HsNg 
(,,H,ON. SPER ee 180, 182 
oun ON;........1878, 1879 
(,,H,,08.. Serene eee 529 
(,,H,,05N eionssinetadon 529 
C,,H,,;0.N ......1956, 1958, 
1962, 1973 
COGN ...csssesesees 1806 
— iicseeReeiese 1295 
C,,H,,OBr.......1297, 1298 
Dele sxc suevcdewens 1295 
PN cs cssesanssvas 1298 
C,,H,,0.Br 1082 
ep g.s ss sssneevcan ns 38 
i are | 


(,H,0,0 l,Hg 


oF 
0,H,,0,NOl...........- 
(,,H,,0,C1s 
SN ee 626 
a 1297 
C,H,ONCI...........+. 1299 
(,,H,,OCl,SHg 
C,H,,O,NCl,Au.......1807 


C,. Group. 
»H,0, 1189, 1190 
0,.H,0,,2H,0.......... 1191 
CgH Oo. 


Cy 


...2019, 2020 
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PAGE 
Oe Se ere | 
MG aasscsisiausves 1153 
a. 1025, 1026 
CH} ,0, 
C,gH,,0,; ......-. 
C,H0; 
——— 
C).H,O,N, 
C,.H,0,N; 


Cy H,O-Na 


C,,H,O,Na,4H,0 
C,,H,0.K...... 
C,.H,O,K,3H,0.........1188 
Osee.......... 611, 612 
OS ee 1019 
CoH, O,Ns............-..2100 
CyoHyOyqNg- «-.-..-..---2100 
a ee 1384 
OM DS...........:...1808 
C,,H,,ON ...177, 181, 183, 
1284 
C).H),0,C1 
C,oH,,08.. 


eS rrr 
C,.Hy,0,As 

C,.HONBr, 
C,gH,ONBry..............82: 
CypH,ONBTg..............826 
C,.H,ONBr,.. .. ‘ 


| C\gH,ONBr,........ 
| CyoH,O,,N,Ca 
5 9. F Ree 678 | 


C,oH,0,,N,Ca,10H,0.. 


7 | CygH,0,,N,Co,2H,0.....48 
CyoH,O,,N,Co,6H,0....488 


r= 


C,.H,0,,N,Co,94H,0.. 
C,.H,O,,N,Cu 
C,.H,O,,N,Cu, 4H,0.... 
C,.H,0,,N,Cu, 11H.0.. 
C,.H,0,,N,Fe,8H,0.... 
C).H,0,,N,Mg 
C,.H,0),N,Mg,2H,0... 
C}2H,O,,N,.Mg,6H.0 ...479 
C,.H,0;4N gMn,3H,0...486 
C,.H,0,,N,Mn,8H,0.. 486, 
487 


—~ -» 
“I =I “I © 
aoaomonwn 


— 
“I @ 
~ 


oo 
“J 
vo) 


C,,H,0,,N,Ni,2H,0.... 


| C,,H,,0 


489 | 
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PAGE 


C,oH,O,,N,Ni,6H,0. ...489 
C,oH,O,,N,Ni,9$H,0.. 
C,oH,O,,N,Zn,2H,0 ... 
CioH,0,,N,Zn,6H,0 ... 
C,oH,O,,N,Zn,9H,0 ... 


| ety 


AVS C,,H,ON Br, 


9 | C,,H,ONBr, 


CH,O5N,Brore ss... 1480 


| C,H,ONBr, 


C,oH,0,N,Br, 
C\sHsONBry...........--. 318 
C,.H,O,N,Cl, H,0 
C,.H,O;N.As, 
C,oH,O,N.Br 
C,oH,,0,NoAs........-. 1897 
C,.H,,ONCI 1284 
C,.H,,ON,S 
ae ty eee 


| CisH,90,Cl,Hg........... 530 


12H,,0,N.As 
set MOQ! ....0:500505008 185 
H, 4O.N.S 


1gH,,N BrI 
19H} ,0 aN Hg ........- 483 
WH,.N Brl 
»2H,O,N ,Br,Ba,2}H,O 
729, 734 
Vo As.Na,,93H,O 
1901 
gAs.Na,,11H,O 
1901 
C,.H,ON,BrgHgo........ 849 
C,.H,0,N.BrK 
C).H,gO,N,AsNay,8H,O 
1897 
C\.H,,0,N.AsNa — 


C 
C 
| © 
C,gH0,N39......-..20--. 627 
C 
C 
C 
C 


C,,.H,0,N 


C 12 ol 1,0,N 


C,.H,,0.N.SK 
C,9H,,0.N,CIS 


CH, 0, 

©,,H,,09..2019, 2020, 2021 

Oe si secsscinontctaces 1146 
1605, H,0 1146 

C)3H 0, 

O,3H,,0, 
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PAGE 


C, 4H, ,OoSi ...448, 452, 453 


q.% © S see 1801 
2S 2 en 1957 
| ree 1227 
0, FON Br, ........... 1250 
oe Fh Ser 1676 

| OF,ON Ne........... 1677 
0, HON Ags........... 1032 
C,,H,O,;N,Cl ....1675, 1676 
es hn 848 
©,,H,,0,N, Hg. .......... 850 
OBO Bes ....20... 1020 

| C,,H,,0,N.S....... 627, 629 


| C\sH,0,N.S, ...1404, 1405 


PAGE 
C),H,,03N>..534, 535, 536, 
1918 
0,,H.,0,N....... 2077, 2078 
eM so cek cecesvne 2007 
O,,H,,08i............ ----2008 
O,,H5,0,No........20005. 1172 | 
©,;H,ON,Cl;............ 1057 
C,;H,O0.N.Br,...1018, 1020 
C,3H,gO.NoBro.......... 1018 
©,,H,,O,NqBr .......... 1020 
C,;H,,0,N.Cl..1916, 1918, 
1919 | 
C,5H,,ONCI..... 1915, 1916 
C,3H,,0,N.As ..........1899 
Oishi OD NS.......:-.......28 
C,H, ,NBrl........ 299, 301 
C,3;H».O0,N Br, 2H,O .. 2077, 
2079 
C,,H.,0;N,Cl........... 1173 
C)3H,,O,N.AsNay,45H,O 
1899 
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= ERRATA. 


Vout. LXV (Trans., 1894). 


a 817 for “Trans., 1888, 53,” read “Trans., 1887, 54, 610.” 
Vor. XCI (Trans., 1907). 
87 5 “ » “hydrochloric ‘i read ** acetic.”’ 


» “*8H” read ** 8H’. 
deicte (second) ‘jodine.” i 
5] 346 ‘ insert ‘* +” before ‘*k,. 


06 

fe 352 000028” read “ 0-000058.” 

7 - f In equation for ‘*(A—x)” read ‘ C(A -.x).” 
(V9 55: Sor ** XII” read ** XIII.” 


1» 0°40” read “ 0-040.” 
»» ‘£0°535” read ‘0° 0535.” 
762 55 2 **083” read ‘* 0°83.’ 
y (of table) for ‘‘0°5029” and ‘‘0°7368” read ‘*0°4992” and “* 0°7301 ”’ 
respectively. 


Vou. XCIII (Trans., 1908). 
ae", " 
. ft , P read Pr . 
= ‘© 9860” read ** 6700.” 
**2C0,” read ‘* 2C),.” 
ss CioH 4014Ne, 3H,0” read ‘* CyH, 0,,N ,Mn,3H,0.’ 
_ I 4 ON, - " read e¢ ll 40,,N,Ni.” 
> *OoHyCO- CoH " read *€ CogH,°CO."C,H;.” 
‘ a) Call yor she D1. 
*© do,” read *‘ ‘an 
Ane .CMe’CO,H 
“n CO.H F 
Cota | , read Bs. ¢ rd fer ).H 
CH,'NH,.” ‘OH, NH,” 
** standard ” read “ silver.”’ 
30NE AND COWARD'S 
Table IX, 3rd column for ‘23°90 read “3° 


6th 


aseous 


gaseous 
orebes ts 


— 


tion of 


Percentage 
composi 


‘* pale yellow snsinen’ : wal ‘*almost colourless needles with only 
a slight yellow tinge.” 

** pale yellow crystals” read ‘‘almost colourless crystals with only 
a slight yellow tinge.” 

‘*n-Nitrotoluene” read ‘‘ p-Nitrobenzaldehyde.” 

** o-Chlorotoluene” read ‘‘ 0-Chlorobenzaldehyde.” 

** p-Chlorotoluene”’ read ‘‘ p-Chlorobenzaldehyde.”” 


* From bot! 


ERRATA (continued). 


age 
1637 3 Sor ‘ ** m-Chlorotoluene”’ read ‘‘ m-Chlorobenzaldehyde.”’ 
1798 3*  ,, “* (CopHe304No)o, HoPtCl, ” read (Gt Oa BCL 
1799 =618* ,, “*(C, ~Hs,0,N)> HPtCl, ” read “(Cig H,,0,N)., HoPtCl,. 
oe CU SCti«is«sazéCOP wes As, 24.0 ” read ‘ “C,,H,,0,N,AsNa,2$H,0. ' 
sé Ww Ky 2°? “cc it Ky ” 
2191 10, “ap” ead ae re i 
2192 4 after “H” insert ‘‘ =.” 
2192 21 delete “only.” 


- RS 

2195 34 for’ ‘kK’, M” read ‘ EF’. yy.” 
He, ws - 3 1] 
2197 13 should read “S”=—___L_ 4s J, » 
K" Ky" V? 

2197 18 fors — read + 4 oe” 
2197 9 acini Pe 
poet a delete *‘ providing . . . . very great. 


2198 15 (for ‘‘acid” read ‘‘ acids.” 

2198 40 after ‘‘ resembled” insert ‘‘ the effect of water on catalysed.” 
2198 41 delete ‘by experiment.” 

2201 7 »  ‘*‘hydroxonium.” 


2203 3 before ‘* value” insert ‘‘apparent’”’ and delete =.* 
® 


InpEx 1908. 
2312 10 col ii. for ‘‘Methyleampholenitrile” 7eod ‘‘ Methyleampholenonitrile.” 


* From bottom. 


ee 


